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Description
BACKGROUND OF THE INVENTION

[0001] The present invention relates to improvements in tubes in a coil assembly for use in an evaporative heat
exchange apparatus in which the coil assembly is to be mounted in a duct or plenum of the apparatus in which external
heat exchange fluids, typically a liquid, usually water, and a gas, usually air, flow externally through the coil assembly
to cool an internal heat transfer fluid passing internally through the tubes of the coil assembly. The improvements concern
the use of tubes or segments of the tubes having a generally elliptical cross-section, in combination with tube orientation,
arrangement and spacing, and fin spacing, height and thickness, all of which must be carefully balanced, to provide
increased heat transfer coefficients with an unexpected relatively low air pressure drop that produces high air volume
that together produces very high heat exchange capacity. JP2002 257484 describes a spiral finned tube mainly employed
as a heat transfer part for a refrigerator, a showcase or the like.

[0002] Preferably, though not exclusively, the finned tube coil assembly of the present invention using tubes that have
finned segments with generally elliptical cross-sections, is most effectively mounted in a counterflow evaporative heat
exchanger so that water flows downwardly and externally through the coil assembly while air travels upwardly and
externally through the coil assembly. The coil assembly of the present invention can be used also in a parallel flow
evaporative heat exchanger in which the air travels in the same direction over the coil assembly as the water, as well
as in a crossflow evaporative heat exchanger, where air travels over the coil in a direction transverse to the flow of the
water. The evaporation of the water cools the coil assembly and the internal heat transfer fluid inside the tubes forming
the coil assembly.

[0003] The tubes may be used in any type of evaporative heat exchange coil assembly made of an array of several,
and preferably, many tubes that can have a variety of arrangements. The tubes are preferably arranged in generally
horizontal rows extending across the flow path of the air and water which flow externally through the coil assembly,
whether the air and water are in counterflow, parallel flow or crossflow pathways. The ends of the tubes may be connected
to manifold or headers for appropriate distribution of the internal heat transfer fluid. The internal heat transfer fluid may
be a heating fluid, a cooling fluid or a processing fluid used in various types of industrial processes, where the temperature
of the internal heat transfer fluid needs to be modified, typically but not exclusively by cooling, and often but not exclusively
by condensing, as a result of the heat transfer through the walls of the tubes by the external heat exchange fluids.
[0004] Typically, evaporative heat exchange apparatus use a number of serpentine tubes for the coil assemblies, and
such serpentine tubes are often the preferred type of tubes used due to the ease of manufacture of effective coil
assemblies from such tubes. While other types of tubes of the present invention useful for the evaporative heat exchange
apparatus of the present invention, the tubes and coil assemblies of the present invention will primarily be described,
without limitation, with respect to the preferred serpentine tubes. The following background information is provided to
better understand the relationship of the tube and coil assembly components using serpentine tubes. Each serpentine
tube comprises a plurality of two different types of portions, "segments" and "return bends." The segments are generally
straight tube portions which are connected by the return bends, which are the curved portions, sometimes referred to
as "bights," to give each tube its serpentine structure. In a preferred embodiment of the coil assembly of the present
invention, the tubes, which may be generally straight in structure (referred to hereinafter as "straight tubes"), or the
segments of each of the serpentine tubes, are generally elliptical in cross-section and the return bends can be any
desired shape and are typically generally circular, generally elliptical, generally kidney-shaped or some other shape in
cross-section. The generally horizontal maximum dimension of the generally elliptical segments is usually equal to or
smaller than the generally horizontal cross-sectional dimension of the return bends, especially if the return bends have
a circular cross-section. If desired, the return bends can have an elliptical cross-section, or a kidney-shaped cross-
section, but it is usually easier to make the return bends with a circular cross-section. The segments of horizontally
adjacent serpentine tubes are spaced from each other by the larger horizontal cross-section of the return bends when
the return bends are in contact with each other, or may be spaced by vertically-oriented spacers between the return
bends, depending on the design characteristics of the evaporative heat exchange apparatus in which the coil assemblies
are used.

[0005] In the coil assemblies, the straight tubes or the segments of the serpentine tubes are preferably arranged in
generally horizontal rows extending across the flow path of the air and water which flow externally through the coil
assembly, whether the air and water are in counterflow, parallel flow or crossflow pathways.

[0006] Evaporative heat exchangers using coil assemblies using serpentine tubes having segments with generally
elliptical cross-sections are also known, for example as disclosed in U.S. Patents 4,755,331 and 7,296,620, the disclo-
sures of which are hereby incorporated herein in their entireties, which are assigned to Evapco, Inc., the assignee of
the present invention. These patents do not disclose or contemplate the use of finned tubes in the coil assembly in the
evaporative heat exchange environment.

[0007] Finned tubes used in coil assemblies of dry (non-evaporative) heat exchangers are known and are used in
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view of the greater surface area provided by the fins to dissipate heat by conduction when exposed to air flowing externally
through the coil assembly of the dry heat exchanger. Generally, the fins in such dry heat exchangers do not materially
adversely affect the flow of air through the coil assembly of the dry heat exchanger. Finned coils are also used extensively
in coil assemblies of products like home refrigerators to dissipate the heat to the ambient air.

[0008] Examples of coil assemblies for dry heat exchangers made using fins in the form of sheets or plates having
holes though which segments having generally elliptical cross-sections pass are disclosed in Evapco, Inc.’s U.S. Patents
5,425,414, 5,799,725, 6,889,759, and 7,475,719. However, such coil assemblies are not useful with evaporative heat
exchangers, since the sheets or plates would adversely affect the mixing and turbulence of the air and water involved
with evaporative heat exchange that must pass externally through the coil assembly.

[0009] Evapco, Inc. and others have used finned tube coil assemblies in evaporative heat exchangers where the
segments of the tubes in the coil assemblies have circular cross-sections that include fins extending along the length of
the individual segments of the tubes. The segments having circular cross-sections are relatively easy to provide with
fins, such as by spirally wrapping the segments with strips of metal forming the fins. These finned tubes have been used
in evaporative heat exchangers, but in limited circumstances and with limited success. First, round tube coils with fins
have been employed in heat exchangers to enhance dry cooling capacity in cold weather applications when not much
capacity is needed and when using water as an external heat exchange liquid could result in freezing and other problems.
Such uses were rather rare and were provided to deal with a problem, as opposed to a way to improve the primary
function of evaporative cooling according to the present invention. Second, though round tube coils with fins have also
been employed to improve evaporative cooling, this has not been successful. While the presence of the fins increases
the heat transfer coefficient, in prior attempts the increases were offset because the fins also caused decreased air flow
over the coil, thus resulting in lower performance.

[0010] The finned tube coil assembly of the present invention provides a number of significant advantages. The
combination of the shape of the tubes, the spacing of the tubes, the height of the fins, and the number of fins per inch
have resulted in exceptional and unexpected increases in evaporative thermal performance. The geometry of the tubes
and their orientation and arrangement with a coil assembly play an essential part in the turbulent mixing of the air and
water. The generally elliptical cross-sectional shape of the segments provides the advantages of a large amount of
surface area of the tubes in a coil assembly, effective flow and heat transfer of process fluid internally within the tubes
and enhanced external air and water flow characteristics. With the presentinvention, the surprising result of less resistance
to the air and water passing externally through the coil assembly allows the use of higher air volume that provides
additional thermal capacity compared to the prior art systems without adding any fan energy. The finned tubes provide
an enhanced surface area for conductive heat exchange with the tubes and aid in turbulent mixing of the air and water
externally flowing through the coil assembly, enhancing convective heat exchange between the air and the water. The
finned tubes take up space that may impede the water and air flow and thereby would be expected to cause a very
significant air side pressure drop, with the need for stronger motors for fans to move the air through the coil assembly
in the heat exchanger. However, the finned tubes with generally elliptical cross-sections having the characteristics of
the present invention not only provide a careful balance of enhanced coil assembly surface area for conductive heat
exchange with any fluid flowing within the interior of the tubes and mixing and turbulence of the air and water for the
convective heat exchange but also provide a surprising reduction in the air side pressure drop through the coil assembly,
while retaining a very large increase in external heat transfer coefficient.

[0011] The overall capacity of the coil assembly of the present invention and evaporative heat exchangers containing
it are greatly improved at nominal, or in certain circumstances even reduced cost, compared to the increase in capacity.
For example, the cost per cooling ton may be reduced by, for instance, replacing a coil assembly using more non-finned
tubes with a coil assembly using fewer finned tubes of the present invention. Additionally, an evaporative heat exchanger
of a given size using non-finned tubes of the prior art could be replaced with a smaller evaporative heat exchanger
according to the present invention that achieves the same or better thermal performance. Moreover, using a coil assembly
having the finned tubes of the present invention could significantly reduce required fan energy, and therefore overall
power consumption, as compared to a non-finned coil assembly of the same size.

[0012] Various types of heat exchange apparatus are used in a variety ofindustries, from simple building air conditioning
to industrial processing such as petroleum refining, power plant cooling, and other industries. Typically, in indirect heat
exchange systems, a process fluid used in any of such or other applications is subject to heating or cooling by passing
internally through a coil assembly made of heat conducting material, typically a metal, such as aluminum, copper,
galvanized steel or stainless steel. Heat is transferred through the walls of the heat conducting material of the coil
assembly to the ambient atmosphere, or in a heat exchange apparatus, to other heat exchange fluid, typically air and/or
water flowing externally over the coil assembly where heat is transferred, usually from hot processing fluid internally
within the coil assembly to the cooling heat exchange fluid externally of the coil assembly, by which the internal processing
fluid is cooled and the external heat exchange fluid is warmed.

[0013] Inevaporative indirect heat exchange apparatus in which the finned tube coil assembly of the present invention
is used, heat is transferred using indirect evaporative exchange, where there are three fluids: a gas, typically air (ac-
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cordingly, such gas will usually be referred to herein, without limitation, as "air"), a process fluid flowing internally through
a coil assembly of tubes, and an evaporative cooling liquid, typically water (accordingly, such external heat exchange
or cooling liquid will usually be referred to herein, without limitation, as "water"), which is distributed over the exterior of
the coil assembly through which the process fluid is flowing and which also contacts and mixes with the air or other gas
flowing externally through the coil assembly. The process fluid first exchanges sensible heat with the evaporative liquid
through indirect heat transfer between the tubes of the coil assembly, since it does not directly contact the evaporative
liquid, and then the air stream and the evaporative liquid exchange heat and mass when they contact each other, resulting
in more evaporative cooling.

[0014] In other embodiments, direct evaporative heat exchange may be used together with the indirect evaporative
heat exchange involving the finned tube coil assembly of the present invention, as explained in more detail hereinafter,
to provide enhanced capacity. In direct evaporative heat exchange apparatus, air or other gas and water or other cooling
liquid may be passed through direct heat transfer media, called wet deck fill, where the water or other cooling liquid is
then distributed as a thin film over the extended fill surface for maximum cooling efficiency. The air and water contact
each other directly across the fill surface, whereupon a small portion of the distributed water is evaporated, resulting in
direct evaporative cooling of the water, which is usually collected in a sump for recirculation over the wet deck fill and
any coil assembly used in the apparatus for indirect heat exchange.

[0015] Evaporative heat exchangers are commonly used to reject heat as coolers or condensers. Thus, the apparatus
of the present invention may be used as a cooler, where the process fluid is a single phase fluid, typically liquid, and
often water, although it may be a non-condensable gas at the temperatures and pressures at which the apparatus is
operating. The apparatus of the present invention may also be used as a condenser, where the process fluid is a two-
phase or a multi-phase fluid thatincludes a condensable gas, such as ammonia or FREON® refrigerant or other refrigerant
in a condenser system at the temperatures and pressures at which the apparatus is operating, typically as part of a
refrigeration system where the process fluid is compressed and then evaporated to provide the desired refrigeration.
Where the apparatus is used as a condenser, the condensate is collected in one or more condensate receivers or is
transferred directly to the associated refrigeration equipment having an expansion valve or evaporator where the refrig-
eration cycle begins again.

[0016] The presentinvention uses a finned tube coil assembly where the claimed combination of factors of tube shape,
orientation, arrangement and spacing, and fin spacing, height and thickness, all of which must be carefully balanced, to
provide increased heat transfer coefficients with an unexpected relatively low air pressure drop that produces high air
volume. The combination of increased heat transfer coefficients with high air volume produces very high heat exchange
capacity.

DEFINITIONS

[0017] As used herein, the singular forms "a", "an", and "the" include plural referents, and plural forms include the
singular referent unless the context clearly dictates otherwise.

[0018] Certain terminology is used in the following description for convenience only and is not limiting. Words desig-
nating direction such as "bottom," "top," "front," "back," "left," "right," "sides," "up" and "down" designate directions in the
drawings to which reference is made, but are not limiting with respect to the orientation in which the invention and its
components and apparatus may be used. The terminology includes the words specifically mentioned above, derivatives
thereof and words of similar import.

[0019] Asused herein, the term "about" with respect to any numerical value, means that the numerical value has some
reasonable leeway and is not critical to the function or operation of the component being described or the system or
subsystem with which the component is used, and will include values within plus or minus 5% of the stated value.
[0020] As used herein, the term "generally" or derivatives thereof with respect to any element or parameter means
that the element has the basic shape, or the parameter has the same basic direction, orientation or the like to the extent
that the function of the element or parameter would not be materially adversely affected by somewhat of a change in
the element or parameter. By way of example and not limitation, the segments having a "generally elliptical cross-
sectional shape" refers not only to a cross-section of a true mathematical ellipse, but also to oval cross-sections or
somewhat squared corner cross-sections, or the like, but not a circular cross-section or a rectangular cross-section.
Similarly, an element that may be described as "generally normal" to or "generally parallel to" another element can be
oriented a few degrees more or less than exactly 90° with respect to "generally normal" and a few degrees more or less
than exactly perfectly parallel or 0° with respect to "generally parallel," where such variations do not materially adversely
affect the function of the apparatus.

[0021] As used herein, the term "substantially" with respect to any numerical value or description of any element or
parameter means precisely the value or description of the element or parameter but within reasonable industrial man-
ufacturing tolerances that would not adversely affect the function of the element or parameter or apparatus containing
it, but such that variations due to such reasonable industrial manufacturing tolerances are less than variations described
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as being "about" or "generally." By way of example and not limitation, "fins having a height extending from the outer
surface of the segments a distance of substantially 23.8% to substantially 36% of the nominal tube outside diameter"
would not allow variations that adversely affect performance, such that the fins would be too short or too tall to allow the
evaporative heat exchanger to have the desired enhanced performance.

[0022] As used herein, the term "thickness" with respect to the thickness of the fins, refers to the thickness of the fins
prior to treatment after the fins are applied to the tubes to make the finned tubes, such as galvanizing the tubes or the
coil assembly using the finned tubes, as such treatment would likely affect the nominal thickness of the fins, the nominal
fin height and the nominal spacing of the fins. Thus, all of the dimensions set forth herein are of the finned tubes prior
to any later treatment of the finned tubes themselves or of any coil assembly containing them.

[0023] As used herein, where specific dimensions are presented in inches and parenthetically in centimeters (cm),
the dimensions in inches controls, as the centimeter dimensions were calculated based on the inches dimensions by
multiplying the inches dimensions by 2.54 cm per inch and rounding the centimeter dimensions to no more than three
decimal places.

BRIEF SUMMARY OF THE INVENTION

[0024] The presentinvention relates to animprovement in an evaporative heat exchanger comprising a plenum having
a generally vertical longitudinal axis, a distributor for distributing an external heat exchange liquid into the plenum, an
air mover for causing air to flow in a direction through the plenum in a direction generally countercurrent to, generally
parallel to, or generally across the longitudinal axis of the plenum, and a coil assembly having a major plane and being
mounted within the plenum such that the major plane is generally normal to the longitudinal axis of the plenum and such
that the external heat exchange liquid flows externally through the coil assembly in a generally vertical flow direction,
wherein the coil assembly comprises inlet and outlet manifolds and a plurality of tubes connecting the manifolds, the
tubes extending in a direction generally horizontally and having alongitudinal axis and a generally elliptical cross-sectional
shape having a major axis and a minor axis where the average of the major axis length and the minor axis length is a
nominal tube outside diameter, the tubes being arranged in the coil assembly such that adjacent tubes are generally
vertically spaced from each other within planes generally parallel to the major plane, the adjacent tubes in the planes
generally parallel to the major plane being staggered and spaced with respect to each other generally vertically to form
a plurality of staggered generally horizontal levels in which every other tube is aligned in the same generally horizontal
level generally parallel to the major plane, and wherein the tubes are spaced from each other generally horizontally and
generally normal to the longitudinal axis of the tube.

[0025] The improvement comprises the tubes having external fins formed on an outer surface of the tubes, wherein
the fins have a spacing of substantially 1.5 to substantially 3.5 fins per inch (2.54 cm) along the longitudinal axis of the
tubes, the fins having a height extending from the outer surface of the tubes a distance of substantially 23.8% to
substantially 36% of the nominal tube outside diameter, the fins having a thickness of substantially 0.007 inch (0.018
cm) to substantially 0.020 inch (0.051 cm), the tubes having a center-to-center spacing generally horizontally and generally
normal to the longitudinal axis of the tubes of substantially 100% to substantially 131% of the nominal tube outside
diameter, and the horizontally adjacent tubes having a generally vertical center-to-center spacing of substantially 110%
to substantially 300% of the nominal tube outside diameter.

[0026] Preferably, the tubes are serpentine tubes having a plurality of segments and a plurality of return bends, the
return bends being oriented in generally vertical planes, the segments of each tube connecting the return bends of each
tube and extending between the return bends in a direction generally horizontally, the segments having a longitudinal
axis and a generally elliptical cross-sectional shape having a major axis and a minor axis where the average of the major
axis length and the minor axis length is a nominal tube outside diameter, the segments being arranged in the coil
assembly such thatthe segments of adjacent tubes are generally vertically spaced from each other within planes generally
parallel to the major plane, the segments of adjacent tubes in the planes generally parallel to the major plane being
staggered and spaced with respect to each other generally vertically to form a plurality of staggered generally horizontal
levels in which every other segment is aligned in the same generally horizontal level generally parallel to the major plane,
and wherein the segments are spaced from each other generally horizontally and generally normal to the longitudinal
axis of the segment connected to the return bend.

[0027] Where the tubes are serpentine tubes, the improvement comprises the segments having external fins formed
on an outer surface of the segments, wherein the fins have a spacing of substantially 1.5 to substantially 3.5 fins per
inch (2.54 cm) along the longitudinal axis of the segments, the fins having a height extending from the outer surface of
the segments a distance of substantially 23.8% to substantially 36% of the nominal tube outside diameter, the fins having
a thickness of substantially 0.007 inch (0.018 cm) to substantially 0.020 inch (0.051 cm)%, the segments having a center-
to-center spacing generally horizontally and generally normal to the longitudinal axis of the segments of substantially
100% to substantially 131% of the nominal tube outside diameter, and the horizontally adjacent segments having a
generally vertical center-to-center spacing of substantially 110% to substantially 300% of the nominal tube outside
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diameter.
BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS

[0028] The foregoing summary, as well as the following detailed description of the preferred embodiments of the
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. It should be understood,
however, that the invention is not limited to the precise arrangements and instrumentalities shown.

Fig. 1 is an isometric view of one embodiment of a serpentine finned tube according to the present invention used
with other such finned tubes in a coil assembly of an evaporative heat exchange apparatus.

Fig. 2 is an enlarged view of a portion of the serpentine tube of Fig. 1, showing the area in Fig. 1 within the circle
designated "Fig. 2."

Fig. 3 is a vertical cross-section view taken along lines 3--3 of the embodiment of Fig. 2.

Fig. 4 is an end elevation view taken along the left-hand end of Fig. 1, showing a serpentine tube having a generally
vertical plane extending 90° into the plane of the drawing sheet.

Fig. 5A is a first embodiment view, partly in end elevation and partly in vertical cross-section, of a portion of four
tubes of a plurality of serpentine tubes of a coil assembly, taken along lines 5--5 of the embodiment of Fig. 1, showing
the generally elliptical segments having their major axes generally vertically aligned and generally parallel to the
plane of the return bends when the tubes are generally vertically oriented as shown with respect to the tube in Fig. 4.
Fig. 5B is a second embodiment view, partly in end elevation and partly in vertical cross-section, of a portion of four
tubes of a plurality of serpentine tubes of a coil assembly, taken along lines 5--5 of the embodiment of Fig. 1, showing
generally elliptical segments having their major axes of adjacent tubes on different levels angled in opposite directions
with respect to each other and to the plane of the return bends as shown in Fig. 4.

Fig. 6 is an isometric view of one embodiment of an exemplary coil assembly made using the finned tubes of the
present invention.

Fig. 6A is a schematic side elevation drawing of the embodiment of the exemplary coil assembly of Fig. 6 made
using serpentine finned tubes of the present invention.

Fig. 6B is a schematic side elevation drawing of an alternative embodiment of an exemplary coil assembly made
using the finned tubes of the present invention.

Fig. 6C is a schematic side elevation drawing of another alternative embodiment of an exemplary coil assembly
made using the finned tubes of the present invention.

Fig. 7 is a schematic, vertical cross-section view of a first embodiment of an induced draft, counterflow, evaporative
heat exchanger including an arrangement of two finned tube coil assemblies of the present invention within the
evaporative heat exchanger.

Fig. 8 is a schematic, vertical cross-section view of an embodiment of a forced draft, counterflow, evaporative heat
exchanger including an arrangement of two finned tube coil assemblies of the present invention within the evaporative
heat exchanger, with some typical components removed for the sake of clarity.

Fig. 9 is a schematic, vertical cross-section view of an embodiment of an induced draft evaporative heat exchanger
including an arrangement of a finned tube coil assembly of the present invention located directly below a direct
contact heat transfer media section including wet deck fill within the evaporative heat exchanger, with some typical
components removed for the sake of clarity.

Fig. 10 is a schematic, vertical cross-section view of another embodiment of an induced draft evaporative heat
exchanger including an arrangement of a finned tube coil assembly of the present invention located directly above
a direct contact heat transfer media section including wet deck fill within the evaporative heat exchanger, with some
typical components removed for the sake of clarity.

Fig. 11 is a schematic, vertical cross-section view of an embodiment of an induced draft, counterflow evaporative
heat exchanger including an arrangement of a finned tube coil assembly of the present invention located in a spaced
configuration below fill within the evaporative heat exchanger, with some typical components removed for the sake
of clarity.

Fig. 12is a graph of results of testing of various embodiments of an evaporative heat exchanger using coil assemblies
of the present invention as compared to other types of coil assemblies under equivalent conditions using test
procedures as explained hereinafter.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0029] The presentinventionwill be described with reference to the drawings, where like numerals indicate like elements
throughout the several views, and initially with reference to Figs. 1-4, 5A and 5B showing embodiments of a finned tube,
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together with Figs. 6, 6A, 6B and 6C, showing various embodiments of a coil assembly made using a number of the
finned tubes, as well as Fig. 7, showing one embodiment of an exemplary evaporative heat exchange apparatus containing
the coil assembly of the finned tubes of the present invention.

[0030] While the preferred embodiments of the invention use finned tubes of the present invention for all of the tubes
in a coil assembly of an evaporative heat exchange apparatus to provide the greatest advantages and benefits of the
invention, and are the embodiments described in detail hereinafter, other embodiments of the invention include using
at least one finned tube of the present invention in a coil assembly together with other, non-finned tubes in such a coil
assembly. Preferably a plurality of finned tubes, such that at least some, more preferably the majority, and most preferably
as mentioned above, all of the tubes in a coil assembly for an evaporative heat exchange apparatus are the finned tubes
of the present invention. When finned tubes are used in such a coil assembly together with non-finned tubes, the finned
tubes are used in any desired arrangement of finned and non-finned tubes, but preferably and without limitation, the
finned tubes may usually be arranged to be on the top portion of a coil assembly and the non-finned tubes may be on
the bottom portion of the coil assembly.

[0031] The basic component of the present invention is a finned tube 10, preferably but not exclusively in the form of
a serpentine tube best seen in Figs. 1-4, formed to provide the advantages of the invention when combined with other
such finned tubes into a coil assembly 24 (see Figs. 6 and 6A). The coil assembly 24 has a major plane 25, that in turn
is used in an evaporative heat exchange apparatus, such as evaporative heat exchanger 26, for example (see Fig. 7).
When the finned tube 10 is in the preferred form of a serpentine tube, it has a plurality of generally straight segments
12 that have a longitudinal axis 13 and which are interconnected by return bends 16. The tubes 10 may be made of any
heat-conductive metal, such as galvanized steel, stainless steel, copper, aluminum or the like. Stainless steel and
galvanized steel, where the zinc is applied to the steel to form galvanized steel after tubes are assembled into a coil
assembly 24, are the presently preferred materials for the tubes 10 for most evaporative heat exchange applications.
[0032] The return bends 16 may be integrally and unitarily formed with the segments 12 to form the tubes 10. Alter-
natively, the fins can be included on the segments 12 and the return bends 14, having connector end portions 16 can
be connected to connector end portions 18 of the segment 12 after fins 20 are formed on the outer surface of the
segments 12. The connecting end portions 16 of the return bend 14 match the shape and are typically slightly larger in
cross-sectional area than the connecting end portions 18 of the segments 12, such that the connecting end portions 18
of the segments fit within the connecting end portions 16 of the return bend 14, and may be conveniently substantially
sealed in a substantially liquid-tight and preferably substantially gas-tight manner, such as by welding the connecting
end portions 16 and 18 together. Alternatively, the connecting end portions 16 of the return bends 14 match the shape
and may be slightly smaller in cross-sectional area than the connecting end portions 18 of the segments 12, such that
the connecting end portions 18 of the segments fit over the connecting end portions 16 of the return bend 14, and may
be conveniently substantially sealed in a substantially liquid-tight and preferably substantially gas-tight manner, such as
by welding the connecting end portions 16 and 18 together. The connecting end portions 16 and 18 may have a generally
elliptical or other cross-sectional shape. Preferably, for ease of manufacture and handling, the connecting end portions
16 and 18 have a generally circular cross-sectional shape, such that it is easier to orient and connect together the
connecting end portions 16 and 18, and so that uniform return bends 14 can be used that preferably have a generally
circular cross-sectional shape throughout their curved length from one connecting end portion 16 to the opposite con-
necting end portion 16. However, if desired, such as for creating a more tightly packed coil assembly of a plurality of
generally horizontally arranged tubes 10, the return bends may have a generally elliptical cross-sectional shape, where
major axes of the ellipses of the body of the return bends 14 between the connector end portions 16 are oriented in a
generally vertical direction, for most applications within an evaporative heat exchanger. Alternatively, the return bends
14 may have a kidney-shaped cross-section throughout their length, with or without kidney-shaped connecting end
portions 16 if the connecting end portions 18 of the segments 12 have matching kidney-shaped cross-sections. It is
preferred to connect the return bends 14 to the segments 12 after the fins 20 have been applied to the segments, for
ease of manufacture.

[0033] The tubes 10 are assembled into a coil assembly 24, best seen in Figs. 6 and 6A, where the tubes 10 are
serpentine tubes. Typically, a coil assembly 24 has a generally rectangular overall shape retained in a frame 28, and is
made of multiple serpentine tubes 10, where the segments 12 are generally horizontal and closely spaced and arranged
in levels in planes generally parallel to the major plane 25 of the coil assembly 24. The coil assembly 24 has an inlet 30
connected to an inlet manifold or header 32, which fluidly connects to inlet ends of the serpentine tubes 10 of the coil
assembly, and an outlet 34 connected to an outlet manifold or header 36, which fluidly connects to the outlet ends of
the serpentine tubes 10 of the coil assembly. Although the inlet 30 is shown at the top and the outlet 34 is shown at the
bottom of the coil assembly 24, the orientation of the inlet and outlet could be reversed, such that the inlet is at the bottom
and the outlet is at the top, if desired. The assembled coil assembly 24 may be moved and transported as a unitary
structure such that it may be dipped, if desired, if its components are made of steel, in a zinc bath to galvanize the entire
coil assembly.

[0034] Fig. 6B is a schematic side elevation drawing of another alternative embodiment of an exemplary coil assembly
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24 made using the finned tubes 10 of the present invention, where the finned tubes 10 are generally straight tubes that
extend across the major plane 25 (not shown). In this embodiment, an inlet 30 for the internal heat transfer or process
fluid is connected to an inlet manifold or header 32. The internal fluid flows from the inlet manifold or header 32 into a
plurality of finned tubes 10 that are fluidly connected at one end to the inlet manifold or header 32 at an upper level and
into a second, upper manifold or header 33A to which the opposite ends of the upper level finned tubes 10 are fluidly
connected. The internal fluid then flows from the second, upper manifold or header 33A through a lower level of finned
tubes 10 fluidly connected at one end to the second, upper manifold or header 33A into a third, intermediate manifold
or header 33B to which the opposite ends of the finned tubes 10 are fluidly connected. From the third, intermediate
manifold or header 33B, the internal fluid flows into a still lower level of finned tubes 10 which are fluidly connected at
one end to the third, intermediate manifold or header 33B to a fourth, lower manifold or header 33C to which the opposite
ends of the finned tubes 10 are fluidly connected. Then the internal fluid flows from the fourth, lower manifold or header
33C to which the one end of the lowest level of the finned tubes 10 are fluidly connected to an outlet manifold or header
36 to which the opposite ends of the finned tubes 10 are fluidly connected. An outlet 34 for the internal heat transfer or
process fluid is connected to the outlet manifold or header 36. As described above regarding the embodiment of Figs.
6 and 6A, if desired for particular uses, the flow of the internal fluid can be reversed, such that the described inlet 30
would be an outlet and the described outlet 34 would be the inlet.

[0035] Fig. 6C is a schematic side elevation drawing of an alternative embodiment of an exemplary coil assembly 24
made using the finned tubes 10 of the present invention, where the finned tubes 10 are generally straight tubes that
extend across the major plane 25 (not shown) and fluidly connect directly at respective opposite ends to an inlet manifold
or header 32 and to an outlet manifold or header 36. An inlet 30 for the internal heat transfer or process fluid is connected
to the inlet manifold or header 32. An outlet 34 for the internal heat transfer or process fluid is connected to the outlet
manifold or header 36. As described above regarding the embodiment of Figs. 6, 6A and 6B, if desired for particular
uses, the flow of the internal fluid can be reversed, such that the described inlet 30 would be an outlet and the described
outlet 34 would be the inlet.

[0036] The segments 12 of the finned tubes 10 shown in Figs. 6 and 6A and the generally straight finned tubes 10 as
shown in Figs. 6B and 6C have external fins 20, which are preferably spiral fins, that contact the outer surface of the
segments 12. The fins may be serrated, may have undulations or corrugations or may be of any other desired well-
known structure. If desired, collars 22 may be integrally and unitarily formed with the fins 20, where the collars 22 provide
a direct and secure contact with the surface of the tubes 10 or segments 12 over a greater surface area than if only the
edges of the fins 20 were in contact with the outer surface of the tubes 10 or segments 12. The fins 20 and collars 22
may be formed simultaneously on the tubes 10 or segments 12 using commercially available equipment in a manner
known to those involved with producing finned tubes, and especially spiral finned tubes. Alternatively, the fins 20, with
or without collars 20 may be applied individually onto the outer surface of the tubes 10 or segments 12, and then secured,
such as by welding, into place, but this is an expensive and labor intensive manner of applying the fins 20 to the tubes
10 or segments 12.

[0037] Preferably,thefins 20 are applied spirally in a continuous manner to the tubes 10 or segments 12 by conventional
equipment. The fins 20 are formed from a band of metal of the same type as used in for the tubes 10, and the band is
fed from a source of the band at a rate and in a manner to spirally wrapped around the tube 10 or segment 12 as the
tube 10 or segment 12 is advanced longitudinally along and rotated around its longitudinal axis 13 through the spiral fin
forming equipment. As the fins 20 are wrapped around the tube 10 or segment 12, the inner radius of the fins 20 buckles
while the outer radius does not, which creates minor corrugations or indentations in the fins themselves. This buckling
occurs in a regular, repeating process in a left-to-right pattern, to form undulations in and out of the plane of the material
used to form the fins, not shown in Figs. 2 and 3.

[0038] If collars 22 are desired, the band of metal of the same type as used in for the tubes 10, is fed from a source
of the band at a rate and in a manner to be bent longitudinally to provide a flat portion that becomes the collars 22 and
an upstanding portion that becomes the fins 20. The bent metal band is spirally wrapped around the segments 12 as
the segments 12 are advanced longitudinally along and rotated around their longitudinal axis 13 through the spiral fin
forming equipment. When the strip of metal is spirally applied to the segments to form the fins 20 with collars 22, the
fins 20 typically have undulations in and out of their plane, rather than straight as shown in Figs. 2 and 3 for the ease of
illustration, while the collars 22 are flat against the surface of the segments 12, resulting from the metal deformation
during the application of the strip of metal to the advancing and rotating segments.

[0039] Figs. 5A and 5B show respective first and second embodiments, partly in end elevation and partly in vertical
cross-section, of a portion of four serpentine tubes 10A or 10B, for Figs. 5A and 5B, respectively, of a plurality of tubes
10 of a coil assembly 24, taken along lines 5--5 of the embodiment of Fig. 1. As shown, starting from the left-hand side
of each of Figs. 5A and 5B, the second and fourth tubes are shown in a preferred orientation as being staggered in
height, or vertically (as shown, lower), with respect to their next generally horizontally adjacent first and third tubes. Figs.
5A and 5B also illustrate alternative embodiments of orientations of the major axes of the generally elliptical segments
12A of serpentine tubes 10A in Fig. 5A and the generally elliptical segments 12B of serpentine tubes 10B in Fig. 5B.
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Otherwise, the embodiments of Figs. 5A and 5B are similar to each other. In Figs. 5A and 5B, the cross-section of Fig.
1 was selected such that the fins are not shown or described for the sake of clarity, but the orientations of the major and
minor axes of the generally elliptical segments should be understood as relating to the entire length of the finned segments
12 until they connect with or are unitarily formed with the return bends 14A and 14B. Although each of the return bends
14A and 14B is shown as having a circular cross-sectional shape, as explained above, the return bends 14A and 14B
may alternatively have a generally elliptical cross-sectional shape, a generally kidney-shaped cross-sectional shape, or
other cross-sectional shape. For ease of explanation, the orientation of the major axes of the generally elliptical finned
segments 12A and 12B will be described in the preferred embodiment of the serpentine tubes 10 as shown in the
embodiment illustrated in Figs. 6 and 6A, but in principle, the same orientation can be and, preferably, is provided for
the generally straight and generally elliptical finned tubes 10 used in a coil assembly such as the coil assemblies shown
in Figs. 6B and 6C.

[0040] In both Figs. 5A and 5B, the segments 12A or 12B of adjacent tubes are generally vertically spaced from each
other within planes generally parallel to the major plane 25 of the coil assembly 24 at respective upper generally horizontal
levels L1A and L1B and respective lower generally horizontal levels L2A and L2B. Thus, the segments 12A or 12B of
adjacent tubes 10A or 10B are in planes generally parallel to the major plane 25 and are staggered and spaced with
respect to each other generally vertically to form a plurality of staggered generally horizontal levels in which every other
segment is aligned in the same generally horizontal level generally parallel to the major plane 25.

[0041] Inthefirstembodiment of Fig. 5A, the generally elliptical segments 12A have their major axes generally vertically
aligned and generally parallel to the plane of the return bends 14A when the tubes 10A are generally vertically oriented
as shown with respect to the tube 10 in Fig. 4. This alignment or orientation is regardless of whether the segments are
on an upper generally horizontal vertical level L1A or a lower horizontal level, such as the next adjacent generally
horizontal level L2A.

[0042] In the second embodiment of Fig. 5B, the generally elliptical segments 12B have their major axes of the tubes
10B on the different, next adjacent generally horizontal levels L1B and L2B, angled in opposite directions with respect
to the plane of the return bends 14B when the tubes 10B are generally vertically oriented as shown with respect to the
tube 10 in Fig. 4. As shown in Fig. 5B, in a preferred embodiment where the major axes of the segments 12 are oriented
in opposite directions on adjacent horizontal levels, the angle of all of the major axes on a first generally horizontal level
L1B is about 20° from the plane of the return bends and the angle of all of the major axes on the next adjacent generally
horizontal level L2B is about 340° from the plane of the return bends. In this configuration, each horizontal level L1B,
the major axes of all of the segments 12B are oriented in the same angled direction and on the next adjacent lower level
L2B, the major axes of all the segments are oriented in the same angled direction, but in an opposite angled orientation
from the angled orientation of the major axes in level L1B. Where the major axes are angled in opposite directions on
adjacent horizontal levels, they are sometimes known as a "ric-rac" arrangement or orientation, and this term is used in
the Table below to designate this type of arrangement or orientation. If desired, however, on each level L1B or L2B, the
major axes of the segments within the same generally horizontal level may be angled in opposite directions.

[0043] Thus, as represented in Figs. 5A and 5B, the major axes of the finned segments 12A or 12B on a first generally
horizontal level L1A or L1B, respectively, may be 0° to about 25° degrees from the plane of the return bends and the
angle of the major axes of the finned segments 12B or 12A, respectively, on the next adjacent generally horizontal level
L2B or L2A, respectively, may be about 335° to 360° from the plane of the return bends. Fig. 4 shows the oppositely
angled major axes of the finned segments 12 as described with respect to Fig. 5B for a complete serpentine tube 10.
[0044] Thereturn bends 14, 14A and 14B are shown as being generally circular in cross-section. The outside diameter
of the circular cross-section of the return bends substantially equals the nominal tube outside diameter that is an average
of the lengths of the major and minor axes of the segments 12, 12A and 12B having a generally elliptical cross-section.
Preferably, but without limitation, the outside diameter of the return bends and the nominal tube outside diameter are
about and preferably substantially 1.05 inches (2.67 cm), where the wall thickness of the tubes forming the segments
12 and the return bends 14 is about 0.055 inch (0.14 cm). The minor axis of the generally elliptical tube 10 or segments
12, 12A and 12B is about 0.5 to about 0.9 times, and preferably about 0.8 times the nominal tube outside diameter.
Thus, the generally elliptical straight tubes 10 and segments 12, 12A and 12B having a nominal tube outside diameter
of 1.05 inches (2.67 cm), would have a minor axis length of about and preferably substantially 0.525 inch (1.334 cm) to
about and preferably substantially 0.945 inch (2.4 cm), and preferably about and preferably substantially 0.84 inch (2.134
cm). Tubes 10 with these dimensions have been found to have a good balance among an appropriate inner diameter
or dimensions to allow the processing fluid in the form of any desired gas or liquid to easily flow within the tubes 10,
proximity of such processing fluid to the tube wall for good heat transfer through the walls of the tubes with the elliptical
cross-sectional shape that has a large effective surface area, and ability to provide an appropriate number of tubes 10
to be packed into a coil assembly 24. The tubes are strong, durable and when in serpentine form, able to be readily
worked, including connecting the segments 12 and return bends 14 and placement within a coil assembly 24. Depending
on the environment and intended use of the evaporative heat exchangers, such as the evaporative heat exchanger 26,
in which the finned tubes 10 of the present invention are placed, the dimensions and cross-sectional shape of the tubes
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10 may be varied considerably.

[0045] The spacing and orientation of the tubes 10 having the generally elliptical cross-sectional shape or segments
having the generally elliptical cross-sectional shape within a coil assembly 24 are important factors for the performance
of the evaporative heat exchanger containing the coil assembly 24. If the spacing between segments 12 is too tight, air
and water flow through and turbulent mixing within the coil assembly will be adversely affected and fans with greater
horsepower will be needed and there will be an increased pressure drop. If the spacing between segments 12 is too
great, then there will be less tubes per surface area of the major plane 25 of the coil assembly 24, reducing the heat
transfer capacity, and there may be inadequate, as in insufficient for example, mixing of the air and water, adversely
affecting the degree of evaporation, and thereby heat exchange. The orientation of the segments 12, particularly with
respect to the angle of the major axes of the segments, also affects the heat exchange ability of an evaporative heat
exchanger with which they are used.

[0046] The spacing of the fins 20 around the outer surface of the segments 12 is critical. If the fin spacing is too close
(too many fins per inch, for example), the ability of the external heat exchange liquid and the air to effectively mix
turbulently is adversely affected and the fins 20 may block the space externally of the coil assembly 24, such that greater
air mover power is needed. Similar concerns involve the critical determination of the height of the fins (the distance from
the proximal point where the base of the fins 20 contact the outer surface of the segments 12 and the distal tip of the
fins). While higher fins have greater surface area which the evaporating water may coat, longer fins may block the air
passage. Thicker fins 20 also have similar critical concerns. Thicker fins are more durable and are better able to withstand
the forces of water and air, as well as other material that may be entrained in either as they pass through a coil assembly,
but thicker fins may also block the flow of water or air through the coil assembly and would be more expensive to
manufacture. All of these factors adversely affect performance.

[0047] If the fin spacing is too great (not enough fins per inch, for example), the advantages of a sufficient number of
fins 20 for the evaporative water to coat would not be present and there may be an adverse effect on the desired mixing
of the water and air responsible for efficient evaporation. Similar concerns are present when the fin height is too low, as
there is not enough structure of the fins to be coated with the water, and there may be less mixing of the water and air.
Thinner fins may not be sufficiently durable to withstand the hostile environment to which they are subject in evaporative
heat exchangers and if the fins are too thin, they could be bent during operation as they are subject to the forces of both
the water and air impacting them, adversely affecting flow of both the water and air. In addition, and more significantly,
thinner fins transfer less heat.

[0048] The presentinvention was conceived and developed in view of the foregoing factors of tube shape, orientation,
arrangement and spacing, and fin spacing, height and thickness, all of which must be carefully balanced, and which
was a difficult task requiring considerable testing and experimentation. Based on such work, the appropriate parameters
of tube shape, arrangement, orientation and spacing, as well as fin spacing, height and thickness were determined.
[0049] The orientation and spacing, within a coil assembly 24 and an evaporative heat exchanger, of the tubes 10
with their segments 12 and return bends 14 will be described primarily with reference to Figs. 5A and 5B. The center-
to-center spacing Dy generally horizontally (which will be generally parallel to the major plane 25 in Fig. 6) and generally
normal to the longitudinal axis 13 of the segments 12, 12A and 12B is substantially 100% to substantially 131%, preferably
substantially 106% to substantially 118%, and more preferably substantially 112% of the nominal tube outside diameter.
The vertical straight tube or segment spacing Dy, generally is not as critical to the performance of an evaporative heat
exchanger as the horizontal tube or segment spacing Dy. The segments 12, 12A and 12B have a generally vertical
center-to-center spacing of substantially 110% to substantially 300% of the nominal tube outside diameter, preferably
substantially 150% to substantially 205% of the nominal tube outside diameter, and more preferably, substantially 179%
of the nominal tube outside diameter. This generally vertical center-to center spacing is indicated by the distance Dy,
between the upper generally horizontal levels L1A and L1B and the lower generally horizontal levels L2A and L2B,
respectively.

[0050] These parameters may be applied as follows to the presently preferred embodiment, where the nominal tube
outside diameter is substantially 1.05 inches (2.67 cm). The center-to-center spacing Dy of the finned straight tubes 10
or segments 12, 12A and 12B of the serpentine finned tubes 10 would be substantially 1.05 inches (2.67 cm) to sub-
stantially 1.38 inches (3.51 cm), preferably substantially 1.11 inches (2.82 cm) to substantially 1.24 inches (3.15 cm),
and more preferably substantially 1.175 inches (2.985 cm). The finned tubes 10 or the finned segments 12, 12A and
12B would have a generally vertical center-to-center spacing Dy, of substantially 1.15 inches (2.92 cm) to substantially
3.15 inches (8.00 cm), preferably substantially 1.57 inches (3.99 cm) to substantially 2.15 inches (5.46 cm), and more
preferably substantially 1.88 inches (4.78 cm). In some embodiments, the major axes of the finned tubes 10 or the finned
segments 12, 12A are oriented substantially vertically, so that they are generally parallel to the plane of the return bends
14 as shown in Fig. 4. In other embodiments, the major axes of the finned tubes 10 or the finned segments 12B may
be greater than 0° to about 25°, and preferably about 20°, from the plane of the return bends 14 and the angle of the
major axes of the finned tubes 10 or the finned segments 12B on the next vertically adjacent generally horizontal level,
may be about 335° to less than 360°, and preferably about 340° from the plane of the return bends 14, such that the
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major axes of the finned tubes 10 or the finned segments 12 are oriented in opposite directions on vertically adjacent
horizontal levels.

[0051] The parameters relating to the fins 20, namely fin spacing along the longitudinal axis 13 of the segments 12,
the fin height from the outer surface of the segments 12 and the fin thickness are as follows according to the present
invention.

[0052] The fins 20 are preferably spiral fins and have a spacing of substantially 1.5 to substantially 3.5 fins per inch
(2.54 cm) along the longitudinal axis 13 of the segments 12, preferably substantially 2.75 to substantially 3.25 fins per
inch (2.54 cm) and more preferably substantially 3 fins per inch (2.54 cm). Expressed alternatively, the center-to-center
distance between the fins is therefore, respectively, substantially 0.667 inch (1.694 cm) to substantially 0.286 inch (0.726
cm), preferably substantially 0.364 inch (0.925 cm) to substantially 0.308 inch (0.782 cm), and more preferably substan-
tially 0.333 inch (0.846 cm).

[0053] The fins 20 have a height of substantially 23.8% to substantially 36% of the nominal tube outside diameter,
preferably substantially 28% to substantially 33% of the nominal tube outside diameter, and more preferably substantially
29.76% of the nominal tube outside diameter. These parameters may be applied as follows to the presently preferred
embodiment, where the nominal tube outside diameter is substantially 1.05 inches (2.667 cm). In this embodiment, the
fins 20 have a height of substantially 0.25 inch (0.635 cm) to substantially 0.375 inch (0.953 cm), preferably substantially
0.294 inch (0.747 cm) to substantially 0.347 inch (0.881 cm), and more preferably 0.3125 inch (0.794 cm).

[0054] The fins 20 have a thickness of substantially 0.007 inch (0.018 cm) to substantially 0.020 inch (0.051 cm),
preferably substantially 0.009 inch (0.023 cm) to substantially 0.015 inch (0.038 cm), and more preferably substantially
0.01 inch (0.025 cm) to substantially 0.013 inch (0.033 cm). As noted above in the "Definitions" section, dimensions for
the thickness of the fins are for the fins on the finned tubes prior to any later treatment of the finned tubes themselves
or of any coil assembly containing them. Where the finned tubes or coil assembly are subjected to a later treatment,
typically by galvanizing steel finned tubes or more typically, galvanizing the entire coil assembly containing them, the
thickness of the fins increases by the thickness of the zinc coating applied during galvanization. Also typically, the fins
after galvanization are thicker at a base proximal to the outer surface of the tube than at a tip of the fins distal from the
outer surface of the tube. Because the fins are thicker after galvanizing, the spacing between the fins is reduced ac-
cordingly. Usually this is not of concern concerning the thermal performance or heat capacity of the evaporative heat
exchangers and the rust or other corrosion inhibition of the galvanizing is important in providing the finned tubes and
coil assemblies with greater longevity than if they were not galvanized.

[0055] The coil assembly 24 of any desired configuration, such as shown in any of Figs. 6, 6A, 6B or 6C, is then
installed into an evaporative heat exchanger apparatus, such as evaporative heat exchanger 26, as shown in Fig. 7.
Evaporative heat exchangers have many varied configurations, and several are shown schematically in Figs. 7-11.
Typical evaporative heat exchangers in which the coil assembly 24 of the present invention may be used are, for example
without limitation, any of several available from Evapco, Inc., such as Models ATWB or ATC, which may include the
components and operate as disclosed in Evapco, Inc.’s U.S. Patent 4,755,331. Evaporative heat exchange apparatus,
though they many variations, have the basic structure and operation described below, initially with reference to Fig. 7.
[0056] Fig. 7 is a schematic, vertical cross-section view of an embodiment of an induced draft, counterflow, evaporative
heat exchanger 26, where water flows generally vertically downwardly and air flows generally vertically upwardly through
the plenum and coil assembly, including an arrangement of two finned tube coil assemblies 24 of the present invention
within the evaporative heat exchanger. The evaporative heat exchanger 26 has a housing 38 enclosing a plenum 40
having a generally vertical longitudinal axis 42. One or more coil assemblies 24 are mounted within the plenum 40 such
that the major plane 25 of each coil assembly is generally normal to the longitudinal axis 42 of the plenum. In this way,
the generally vertical plane of the return bends 14 in the preferred embodiment using serpentine tubes 10, as shown in
Fig. 4 and as indicated by the generally vertical alignment of the tubes 10 in the coil assemblies as shown in Fig. 7, are
also generally normal to the major plane 25 of the coil assemblies 24 and parallel to the longitudinal axis 42 of the
plenum. Based on this alignment, the finned segments 12, with their longitudinal axes 13, of the tubes 10 are also in
generally horizontal staggered planes parallel to the major plane 25 of the coil assemblies 24 and generally normal to
the longitudinal axis 42 of the plenum 40. If generally straight finned tubes 10 are used as shown in Figs. 6B and 6C,
then the finned tubes with their longitudinal axes also are in generally horizontal staggered planes parallel to the major
plane 25 of the coil assemblies 24 and generally normal to the longitudinal axis 42 of the plenum 40.

[0057] Airflows from the ambient atmosphere around the heat exchanger 26 via air inlets 44 which may, and preferably
do, have louvers, or more preferably, selectively openable and closeable air inlet dampers 45 that may be closed or
partially or fully opened based on various atmospheric and operating conditions, in a well-known manner, and to protect
the plenum 40 from inclusion of unwanted objects. In the embodiment of Fig. 7, air is drawn into the plenum 40, passes
though the coil assemblies 24 and exits an air outlet 46 by the action of an air mover located in an air outlet housing 50.
The air mover in this embodiment is shown as a fan 48, in the form of a propeller fan, which is preferred for use as an
induced draft fan to draw air from the ambient atmosphere. Other types of fans, such as centrifugal fans, could be, but
usually are not used as induced draft fans. A grating or screen (not shown) is placed over the fan 48 for safety and to
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keep debris away from the fan 48 and out of the evaporative heat exchanger 26.

[0058] A bottom wall of the evaporative heat exchanger 26, together with the adjoining front, back and side walls,
defines a sump 52 for the water or other external heat exchange liquid. If desired, a drain pipe with an appropriate valve
and a fill pipe with an appropriate valve (none of which is shown) may be included for draining and filling or replenishing
the sump 52. Water in the sump 52 is circulated to a liquid distributor assembly 54, which when turned on distributes,
via spray nozzles, orifices in a pipe or via other known devices and techniques, the water as the evaporative heat transfer
liquid above the coil assemblies 24. The distributor assembly 54 is connected to one end of a conduit 56 in fluid connection
at the other end to the water in the sump. The distributor assembly 54 is activated or turned on typically when a pump
58 is turned on to pump water from the sump 52 to the distributor assembly 54 through the conduit 56.

[0059] The evaporative heat exchanger 26 also preferably includes drift eliminators 60 above the liquid distributor
assembly 54 and below the fan 48 and air outlet 46. The drift eliminators very significantly reduce water droplets or mist
entrained in the air exiting the outlet 46. Many drift eliminators of various materials are available commercially. The
presently preferred drift eliminators are PVC drift eliminators available from Evapco, Inc. as disclosed in Evapco, Inc.’s
U.S. Patent 6,315,804, the disclosure of which is hereby incorporated by reference herein in its entirety.

[0060] In operation, as airis drawn into the plenum 40 through the air inlets 44 and any associated louvers or dampers
45, itis also drawn through the coil assemblies 24. Water is distributed over the coil assemblies 24 by the liquid distributor
54. As the air travels upwardly through the coil assemblies 24 it is mixed with the water, with an appropriate degree of
turbulence as provided by the orientation and arrangement of the finned segments 12 having the fins 20 with the
characteristics, dimensions and parameters disclosed above. The water coats the outer surfaces of the tubes 10, including
the segments 12 having the generally elliptical cross-sectional shape, as well as the fins 20. The air causes the water
to evaporate, thereby cooling the water, such that the cooled water exchanges heat with the tubes 10 of the coil assembly
and the process fluid contained internally within the tubes 10. Water ultimately passes through the coil assemblies 24
and is collected in the sump 52, and recycled into the liquid distributor 54 through the conduit 56 by the pump. The air
with any entrained water is drawn upwardly through the drift eliminators 60, whereby most, and preferably almost all, of
the water is removed from the air stream, before the air is exhausted through the air outlet 46 by the fan 48.

[0061] As noted above, the coil assemblies 24 having the finned tubes 10 of the present invention may be used in a
large variety and types of evaporative heat exchange apparatus. Figs. 8-11 schematically illustrate a small sample of
such various evaporative heat exchangers, with some typical components shown in Fig. 7 removed for the sake of clarity.
In Figs. 8-11, components that are shown and that are the same as those in Fig. 7 are not described again, but are
identified by like numerals used in Fig. 7, except that a letter designation common to the embodiments of each of Figs.
8-11 is used, where, for example, the coil assemblies 24A are used in the evaporative heat exchanger 26A of Fig. 8,
the coil assembly 24B is used in the evaporative heat exchanger 26B of Fig. 9, the coil assembly 24C is used in the
evaporative heat exchanger 26C of Fig. 10 and the coil assembly 24D is used in the evaporative heat exchanger 26D
of Fig. 11. Any new components not used in a previous Fig. are identified by a different numeral.

[0062] Fig. 8 is a schematic, vertical cross-section view of an embodiment of a forced draft, counterflow, evaporative
heat exchanger 26A including an arrangement of two finned tube coil assemblies 24A of the present invention within
the plenum 40A of the evaporative heat exchanger. Here, compared to the induced draft evaporative heat exchanger
26 of Fig. 7, instead of using a propeller fan 48 mounted in an air outlet housing 50, the forced draft evaporative heat
exchanger 26A of Fig. 8 uses a centrifugal fan 62 type of air mover to force air, entering the plenum 40A within the
housing 38A through a screen 47 covering the air inlet. The air is then forced generally vertically upwardly and through
the coil assemblies 24A, through which water is flowing generally vertically downwardly. Thereafter, the air moves through
the drift eliminators 60A and out of the evaporative heat exchanger 26A through the air outlet 46A. The centrifugal fan
62 is typically mounted within a lower portion at one side of the housing 38A adjacent an air inlet typically covered by a
screen 47. The sump for the water is not shown in Fig. 8, but would be present below the coil assemblies 24A such that
the water in the sump is blocked from reaching the centrifugal fan 62.

[0063] Fig. 9 is a schematic, vertical cross-section view of an embodiment of an induced draft evaporative heat ex-
changer 26B including an arrangement of a finned tube coil assembly 24B of the present invention located directly below
a direct contact heat transfer media section including wet deck fill 64, described below, within the plenum 40B of the
evaporative heat exchanger. In the evaporative heat exchanger 26B of Fig. 9, air is drawn into the plenum 40B through
an air inlet 44B and any associated louvers or dampers 45B, where the air inlet 44B is laterally adjacent to the coil
assembly 24B. The evaporative heat exchanger 26B of Fig. 9 differs in a first respect from the evaporative heat exchanger
26 of Fig. 7, in that the air is drawn through the coil assembly 24B in a direction generally normal, transverse or horizontally
with respect to the generally vertical downwardly flow of water externally through the coil assembly 24B, known in the
industry as a crossflow arrangement. The mixing and turbulence of the air and water externally through the coil assembly
24B in a crossflow arrangement is somewhat different than but still quite effective, compared to the mixing and turbulence
of the air and water externally through the coil assembly 24 of Fig. 7 in a counterflow arrangement.

[0064] The evaporative heat exchanger 26B of Fig. 9 differs in a second respect from the evaporative heat exchanger
26 of Fig. 7 in that the evaporative heat exchanger 26B of Fig. 9 includes a direct contact heat exchange section containing
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wet deck fill 64 below the liquid distributor 54B and above the coil assembly 24B, which provides direct, evaporative
heat exchange when the air flow and the evaporative water or other cooling liquid come into direct contact with each
other and are mixed with some desired degree of turbulence within the wet deck fill 64 resulting in additional evaporative
cooling. The turbulent mixing of the air and water in the wet deck fill 64 allows for greater heat transfer between the air
and water, but the benefits of the increased turbulent mixing in the wet deck fill 64 should not be overcome by potential
adverse effects on the energy requirements of a larger fan motor or fan size or air flow reduction. As noted above, there
is a fine balance among these factors when deciding whether and what type of wet deck fill heat transfer media to use.
That is why the use of the wet deck fill 64 is optional in evaporative heat exchangers using the coil assembly of the
present invention. The wet deck fill may be any standard fill media, such as plastic fill, typically PVC, as well as wood
or ceramic fill media, or any other fill media known in the art. The presently preferred fill media is Evapco, Inc.’s EVAPAK®
PVC fill, disclosed in Evapco, Inc.’s U.S. Patent 5,124,087, the disclosure of which is hereby incorporated by reference
herein, in its entirety. When wet deck fill 64 is used, it may be located above the coil assembly 24B as shown in Figs.
9, or below the coil assembly 24C as shown in Fig. 10, since in either location, the additional heat transfer in the wet
deck fill 64 will further evaporatively cool the water draining into the sump 52B or 52C.

[0065] Inthe embodiment of Fig. 9, louvers 65 are built into the inlet side of the wet deck fill 64, such that the air may
be drawn through the louvers 65 into the wet deck fill in a crossflow manner as described above with respect to the
crossflow arrangement concerning the coil assembly 24B.

[0066] The embodiment of the evaporative heat exchanger 26B of Fig. 9 operates as follows. Ambient air in the
environment of the evaporative heat exchanger is drawn into the plenum 40B through the air inlets 44B and any associated
louvers or dampers 45B, and in a crossflow manner externally through the coil assembly 24B, though which water, pre-
cooled in the wet deck fill 64 of the direct contact heat exchange section, externally flows generally vertically downwardly.
Ambient air is also drawn into the wet deck fill 64 in a crossflow manner with respect to the water flowing generally
vertically downwardly through the louvers 65, where the water is evaporatively cooled before it contacts the coil assembly
24B below the wet deck fill 64. The air is then drawn from the wet deck fill 64 into the plenum 40B.

[0067] Water is distributed over the wet deck fill 64 by the liquid distributor 54B where it is initially cooled evaporatively
by mixing with the air flowing through the wet deck fill 64 before draining into the coil assembly 24B where it is turbulently
mixed with the air and thereafter is drained from the coil assembly 24B and collected in the sump 52B. The water is
recycled from the sump 52B into the liquid distributor 54B through the conduit 56B by the pump 58B. The air, with any
entrained water, in the plenum 40B is drawn upwardly through drift eliminators 60 (not shown in Fig. 9) by the fan 48B
in the air outlet housing 50B, before the air is exhausted through the air outlet 46B.

[0068] Fig. 10 is a schematic, vertical cross-section view of another embodiment of an induced draft evaporative heat
exchanger 26C including an arrangement of a finned tube coil assembly 24C of the present invention located directly
above a direct contact heat transfer media section including wet deck fill 64C within the plenum 40C of the evaporative
heat exchanger. The embodiment of the evaporative heat exchanger 26C of Fig. 10 operates as follows. One portion
of ambient air in the environment of the evaporative heat exchanger is drawn into the apparatus through an inlet 44C
at the top of the apparatus aligned above the coil assembly 24C and flows downwardly externally through the coil
assembly in a generally vertical direction concurrent with the flow of water distributed over the coil assembly by the liquid
distributor 54C. Another portion of ambient air is also drawn into apparatus through the direct contact heat exchange
section containing the wet deck fill 64C through the optional louvers 65C. The air traveling through the wet deck fill 64C
moves in a crossflow manner to water draining generally vertically from the coil assembly 24C.

[0069] Waterisdistributed overthe coilassembly 24C by the liquid distributor 54C where itis mixed with the concurrently
flowing air, thereby being cooled evaporatively in the coil assembly, exchanging heat with the coil assembly 24C, before
draining into and through the wet deck fill 64C. In the wet deck fill 64C, the water is further turbulently mixed with the
cross-flowing air where it is further evaporatively cooled, and thereafter is drained from the wet deck fill 64C and collected
in the sump 52C. The water is recycled from the sump 52C into the liquid distributor 54C through the conduit 56C by
the pump 58C. The air with any entrained water is drawn into the plenum 40C and then upwardly through drift eliminators
60 (not shown in Fig. 10) by the fan 48C in the air outlet housing 50C, before the air is exhausted through the air outlet 46C.
[0070] Fig.11isaschematic, vertical cross-section view of an embodiment of aninduced draft, counterflow, evaporative
heat exchanger 26D including an arrangement of a finned tube coil assembly 24D located in a spaced configuration
below wet deck fill 64D within the plenum 40D in the housing 38D in the evaporative heat exchanger.

[0071] The embodiment of the evaporative heat exchanger 26D of Fig. 11 operates as follows. Air in the environment
of the evaporative heat exchanger is drawn into the plenum 40D through the air inlets 44D and any associated louvers
or dampers 45D, and then is drawn into the wet deck fill 64D in a counterflow manner with respect to the water flowing
generally vertically downward through the wet deck fill 64D. The liquid distributor 54 (not shown in Fig. 11), located
above the wet deck fill 64D and below the drift eliminators (not shown in Fig. 11), distributes the water over the wet deck
fill 64D where it is turbulently mixed with the air, thereby being cooled evaporatively. Then, the cooled water drains over
the coil assembly 24D, exchanging heat with the coil assembly 24D, before draining into and being collected in the sump
52D. If desired, the water draining from the wet deck fill 64D may be concentrated to flow directly over the coil assembly

13



10

15

20

25

30

35

40

45

50

55

EP 2 593 741 B1

24D as disclosed in Evapco, Inc.’s U.S. Patent 6,598,862, the disclosure of which is hereby incorporated by reference
herein, in its entirety, to more efficiently direct the cooled water to the coil assembly 24D. The water is recycled from the
sump 52D into the liquid distributor 54 through the conduit 56 (not shown in Fig. 11) by the pump 58 (not shown in Fig.
11). The air with any entrained water is drawn upwardly through drift eliminators by the fan 48D in the air outlet housing
50D, before the air is exhausted through the air outlet 46D.

[0072] The performance of evaporative heat exchange apparatus is measured by the amount of heat transfer, typically
but not exclusively during cooling. The measurements are affected by several factors. First, the measurements are
affected by the amount and temperature of the process fluid flowing internally though the tubes 10 of the apparatus coil
assembil(ies) 24 and the water or other cooling liquid flowing externally through the coil assembly. The flow rates are
measured using flow meters and the temperature is measured using thermometers. The rate and temperature of the air
flowing through the system is also significant, as well as the force required to drive the air mover 48 that moves the air
through the apparatus. The air flow is typically measured by an anemometer in feet per minute through a tube, although
other well-known air flow measuring devices could also be used, and is typically determined by the rating of the motor
driving the fan of the air mover, usually expressed in horsepower (HP).

[0073] Inone embodiment of the evaporative heat exchange apparatus using the coil assemblies 24 having the finned
tubes 10 of the present invention, typically, but without limitation, the process fluid, in the form of water, is pumped into
the inlet 30 and flows internally through the coil assembly at a rate of approximately 0.75 gpm to approximately 16.5
gpm per tube present in the coil assemblies, and preferably approximately 10 gpm per tube. The amount and rate of
water that passes externally through the coil assembl(ies) 24 supplied through the water supply conduit 56 as distributed
by the liquid distributor 54 is approximately 1.5 gpm/sq. ft. to approximately 7 gpm/sq. ft. of coil plan area determined
with respect to the major plane 25, and is preferably approximately 3 gpm/sq. ft. to approximately 6 gpm/sq. ft. Evaporative
heat exchange apparatus using the coil assemblies 24 having the finned tubes 10 of the present invention typically, but
without limitation, have an air flow rate of approximately 300 feet per minute to approximately 750 feet per minute, and
preferably approximately 600 feet per minute to approximately 650 feet per minute. The power of the fan motors is
dependent upon the size of the evaporative heat exchanger housing, the size of the coil assemblies used, the number
and configuration of tubes in the coil assemblies, the number of coil assemblies used, the presence and orientation of
any optional wet deck fill, the size and type of fan used, and several other factors, so no absolute values can be presented
for the power of the fan motors required. In general, and without limitation, the power of the fan motors varies within a
very broad range, such as approximately 0.06 HP to approximately 0.5 HP per square foot of plan area of the coil
assemblies used in the evaporative heat exchangers, corresponding to the area of the major plane 25 coextensive with
the length and width of the coil assembly.

[0074] In evaporative heat exchange apparatus using the finned tube coil assemblies 24 of the present invention,
performance has been shown to be enhanced by an increased air flow rate even compared to similar coil assemblies
using tubes having segments 12 with a generally elliptical cross-sectional shape but not containing fins 20 as in the
presentinvention. In view of the space occupied by the fins 20 on the segments 12 of the tubes 10 used in coil assemblies
24 of the present invention, it would have been expected that the air flow rate would have decreased, as the fins 20
would have been expected to block the flow of both air and water, so that it was unexpected and surprising when the
air flow rate increased. The increase in air flow rate provided a surprising enhancement of the thermal performance in
evaporative heat exchange apparatus using the coil assemblies with the finned tubes 10 of the present invention.
[0075] The enhanced thermal performance of evaporative heat exchange apparatus using the coil assemblies 24
having finned tubes of the present invention will be described in greater detail with respect to the following non-limiting
test procedure whereby various coil assemblies were tested, including those of the present invention, under equivalent
test conditions.

[0076] The test procedure included mounting various single coil assemblies in an Evapco, Inc. Model ATWB induced
draft, counterflow, evaporative cooler in a test facility. The general arrangement of the Model ATWB induced draft,
counterflow, evaporative cooler is shown in Fig. 7, except that only one coil assembly 24 was used, instead of two coil
assemblies 24 as shown in Fig. 7. The tested coil assemblies all had a plan area of 6 feet (1.83 m) long (corresponding
to serpentine tubes having segments with return bends fitting within frames of this length with the appropriate spacing)
by 4 feet (1.22 m) wide (corresponding to 37 adjacent tubes that were packed within frames of this width with the
appropriate spacing) and had ten generally horizontal rows of segments 12 with generally elliptical cross-sectional
shapes connected by return bends having a circular cross-sectional shape, where the major axes of segments were
arranged in various orientations. All tested coil assemblies used tubes with return bends having an outside diameter of
substantially 1.05 inches (2.67 cm) and segments having a nominal tube outside diameter of substantially 1.05 inches
(2.67 cm), with a substantially horizontal center-to-center spacing Dy, of 1.0625 inches (2.699 cm) (designated "Narrow"
in the Table below) or 1.156 inches (2.936 cm) (designated "Wide" in the Table below) and a substantially vertical center-
to-center spacing Dy, of about 1.875 inches (4.763 cm). One tested coil assembly had no fins 20 on the segments (Test
ID "A" in the Table below and the graph of Fig. 12) and represented a base line against which other finned coil assemblies
were compared. Other tested coil assemblies identified in the Table below and the graph of Fig. 12 had spiral fins 20
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with the parameters of fin spacing and height as described and claimed herein, and some had spiral fins 20 but not
having the parameters of fin spacing and height as described and claimed herein. All of the coil assemblies including
fins used fins of the same thickness, namely, 0.013 inch (0.033 cm), which is within the range of fin thickness described
and claimed herein. Certain other coil assemblies, namely, those having the parameters associated with the Test ID "B"
and "C" (tested in a different rig) and Test ID "D" (tested using 5 HP motor) in the Table below and the graph of Fig. 12,
were tested in a different manner, but the performance data presented in the graph of Fig. 12 were derived using industry
calculations for standardizing performance data from apparatus of different configurations. The performance of the coil
assemblies was tested over varying water flow rates internally through the coils of 60 gpm to 360 gpm, water flow rates
externally through the coils of approximately 5.9 gpm per square foot, and air flow rates of 300 feet per minute (91.44
meters per minute) to 750 feet per minute (228.6 meters per minute), generated by a fan driven by a 3 HP motor (except
as noted above regarding Test ID "C"). The coil assemblies tested had the parameters as set forth in the following Table:

Test ID | Major Axes Orientation | Dy Tube Spacing | Fins | Fin Spacing (Fins/Inch) | Fin Height (Inch)

A 20 ° & 340° Ric-rac Wide No - -

B 0° Wide Yes 3 0.25

C 20° & 340° Ric-rac Wide Yes 1.5 0.3125

D 0° Narrow Yes 3 0.3125

E 20° & 340° Ric-rac Wide Yes 3 0.3125

F 0° Wide Yes 3 0.3125

G 20° & 340° Ric-rac Wide Yes 1.5 0.5

H 20° & 340° Ric-rac Wide Yes 3 0.5

[0077] Fig. 12 is a graph of results of testing of the coil assemblies identified in the Table in the evaporative heat

exchanger under the same conditions set forth in the procedure described above, with respect to preferred internal
process fluid (water) flow rates from 6 to 9.8 gpm per tube (where each tube is identified as a "circuit" in the x-axis legend
on the graph. The graph show curves based on the heat transferred as measured in thousands of BTU/hour (MBH)
versus the water flow internally through the coil assembly in gallons/minute/tube (GPM). Each curve A to H in Fig. 12
corresponds to the respective coil assembly A to H of the above Table.

[0078] With reference to Fig. 12, the baseline performance of Curve A relates to coil assembly A, with a 20° to 340°
ric-rac major axes segment orientation and no fins. Curves B to F above Curve A indicate that at the indicated internal
water flow rate along the X-axis, such curves have a better thermal performance than the baseline performance, with
increasingly better thermal performance from Curve B to Curve F.

[0079] TestID "G"and "H" with a 20° - 340° ric-rac major axes orientation, respective fin spacing of 1.5 and 3 fins/inch
(2.54 cm) and fin height of 0.5 inch (1.27 cm) (outside the fin height parameter of the present invention) had consistently
lower thermal performance (MBH) as indicated by Curves G and H, respectively.

[0080] In general, the test results show that an orientation of the major axes of the generally elliptical finned segments
in a generally vertical direction (0°) provides better thermal performance than a ric-rac orientation of the major axes for
tubes having the same fin height and fin spacing. Nevertheless arranging the major segments in a ric-rac orientation
still provides a very considerable increase in thermal performance of a coil assembly having all of the other parameters
within the scope of the present invention. For tubes having the same angle of orientation, namely a ric-rac or generally
vertical orientation of the generally elliptical segments, fins having a height of 0.3125 inch (0.794 cm) provided the better
thermal performance. For tubes having the same orientation angle of their major axes and fin height, less spacing within
the parameters of the present invention provide better thermal performance.

[0081] The practical effect of the results shown in Fig. 12 is that coil assemblies made using the finned tubes of the
presentinvention, having the combination of factors of tube shape, orientation, arrangement and spacing, and fin spacing,
height and thickness, all of which must be carefully balanced, provide a dramatic increase in thermal capacity and
performance compared to other coil assemblies having the same footprint (plan area). Thus, based on the present
invention, among the other benefits and advantages described above, a significantly more cost-effective coil assembly
can be produced by providing a smaller coil assembly that results in the same heat capacity demand. This is important
not only for increased initial commercial sales, but also for later more cost-effective operation of evaporative heat ex-
change apparatus using the coil assemblies of the present invention. For coil assemblies of the same plan area, the
graph of Fig. 12 very significantly shows enhanced thermal performance, for the embodiments tested and the results
shown in Fig. 12, up to about an 18.3% increase in MBH, comparing the results of Curve F to the baseline Curve A, as
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measured at a rate of flow of internal process fluid (water) of 8 gpm per tube (calculated as 504-426 = 78/426 x 100 =
18.3%).

Claims

1. An evaporative heat exchanger (26, 26A, 26B, 26C, 26D) comprising a plenum (40, 40A, 40B, 40C, 40D) having a
generally vertical longitudinal axis (42, 42A, 428, 42C, 42D) a distributor (54, 54B, 54C) for distributing an external
heat exchange liquid into the plenum, an air mover (48, 48B, 48C, 48D, 62) for causing air to flow in a direction
through the plenum in a direction generally countercurrent to, generally parallel to, or generally across the longitudinal
axis of the plenum, and a coil assembly (24, 24A, 24B, 24C, 24D) having a major plane (25) and being mounted
within the plenum such that the major plane is generally normal to the longitudinal axis of the plenum and such that
the external heat exchange liquid flows externally through the coil assembly in a generally vertical flow direction,
wherein the coil assembly comprises inlet (32) and outlet (34) manifolds and a plurality of tubes (10) connecting the
manifolds, the tubes extending in a direction generally horizontally and having a longitudinal axis (13) and a generally
elliptical cross-sectional shape having a major axis with a length and a minor axis with a length where the average
of the major axis length and the minor axis length is a nominal tube outside diameter, the tubes being arranged in
the coil assembly such that adjacent tubes are generally vertically spaced from each other within planes generally
parallel to the major plane, the adjacent tubes in the planes generally parallel to the major plane being staggered
and spaced with respect to each other generally vertically (Dy)) to form a plurality of staggered generally horizontal
levels (L1A, L1B; L2A, L2B) in which every other tube is aligned in the same generally horizontal level generaly
parallel to the major plane, and wherein the tubes are spaced (Dy) from each othcr generally horizontally and
generally normal to the longitudinal axis of the tube,
characterized by at least one of the tubes (10) being a finned tube having external fins (20) formed on an outer
surface of the tubes, wherein the fins have a spacing of 1.5 to 3.5 fins per inch (2.54 cm) along the longitudinal axis
(13) of the tubes, the fins having a height extending from the outer surface of the tubes a distance of substantially
23.8% to substantially 36% of the nominal tube outside diameter, the fins having a thickness of substantially 0.007
inch (0.018 cm) to substantially 0.020 inch (0.051 cm), the tubes having a center-to-center spacing (Dy) generally
horizontally and generally normal to the longitudinal axis (13) of the tubes of substantially 100% to substantially
131% of the nominal tube outside diameter, and the horizontally adjacent tubes having a generally vertical center-
to-center spacing (D,) of substantially 110% to substantially 300% of the nominal tube outside diameter.

2. An evaporative heat exchanger (26, 26A, 268, 26C, 26D) according to claim 1, further characterized by a plurality
of the tubes (10) in the coil assembly (24, 24A, 24B, 24C, 24D) being the finned tubes, or further characterized by
a majority of the tubes (10) in the coil assembly (24, 24A, 24B, 24C, 24D) being the finned tubes, or further char-
acterized by all of the tubes (10) in the coil assembly (24, 24A, 248, 24C, 24D) being the finned tubes.

3. An evaporative heat exchanger (26, 26A, 26B, 26C, 26D) according to any preceding claim, further characterized
by the fins (20) having a spacing of substantially 2.75 to substantially 3.25 fins per inch (2.54 cm) along the longitudinal
axis (13) of the tubes (10), or having a spacing of substantially 3 fins per inch (2.54 cm) along the longitudinal axis
(13) of the tubes (10).

4. An evaporative heat exchanger (26, 26A, 26B, 26C, 26D) according to any preceding claim, further characterized
by the tubes (10) having a center-to-center spacing (Dy) generally horizontally and generally normal to the longitudinal
axis of the tubes of substantially 106% to substantially 118% of the nominal tube outside diameter, or further
characterized by the tubes (10) having a center-to-center spacing (D) generally horizontally and generally normal
to the longitudinal axis of the tubes of substantially 112% of the nominal tube outside diameter.

5. An evaporative heat exchanger (26, 26A, 26B, 26C, 26D) according to any preceding claim, further characterized
by the tubes (10) having a generally vertical center-to-center spacing (D,,) of substantially 150% to substantially
205% of the nominal tube outside diameter, or further characterized by the tubes (10) having a generally vertical
center-to-center spacing (Dy) of substantially 179% of the nominal tube outside diameter.

6. An evaporative heat exchanger (26, 26A, 26B, 26C, 26D) according to claim 1 or 2, further characterized by the
fins (20) having a spacing of substantially 2.75 to substantially 3.25 fins per inch (2.54 cm) along the longitudinal
axis (13) of the tubes, the fins having a height of substantially 28% to substantially 33% of the nominal tube outside
diameter, the fins having a thickness of substantially 0.009 inch (0.023 cm) to substantially 0.015 inch (0.038 cm),
the tubes having a center-to-center spacing (Dy) generally horizontally and generally normal to the longitudinal axis
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of the tubes of substantially 106% to substantially 118% of the nominal tube outside diameter, and the tubes having
a generally vertical center-to-center spacing (D,) of substantially 150% to substantially 205% of the nominal tube
outside diameter, or

an evaporative heat exchanger (26, 26A, 26B, 26C, 26D) according to claim 1 or 2, further characterized by the
fins (20) having a spacing of substantially 3 fins per inch (2.54 cm) along the longitudinal axis (13) of the tubes, the
fins having a height of substantially 29.76% of the nominal tube outside diameter, the fins having a thickness of
substantially 0.01 inch (0.025 cm) to substantially 0.013 inch (0.033 cm), the tubes (10) having a center-to-center
spacing (Dy) generally horizontally and generally normal to the longitudinal axis of the tubes of about 112% of the
nominal tube outside diameter, and the tubes having a generally vertical center-to-center spacing (D,/) of about
179% of the nominal tube outside diameter.

An evaporative heat exchanger (26, 26A, 26B, 26C, 26D) according to any preceding claim, further characterized
by the nominal tube outside diameter being substantially 1.05 inches (2.67 cm).

An evaporative heat exchanger (26, 26A, 26B, 26C, 26D) according to claim 1 or 2, further characterized by the
nominal tube outside diameter being substantially 1.05 inches (2.67 cm), the fins (20) having a center-to-center
spacing of substantially 0.286 inch (0.726 cm) to substantially 0.667 inch (1.694 cm), the fins having a height of
substantially 0.25 inch (0.635 cm) to substantially 0.375 inch (0.953 cm), the tubes (10) having a center-to-center
spacing (D) generally horizontally and generally normal to the longitudinal axis (13) of the tubes of substantially
1.05 inches (2.67 cm) to substantially 1.38 inches (3.51 cm), and the horizontally adjacent tubes having a generally
vertical center-to-center spacing (Dy) of substantially 1.15 inches (2.92 cm) to substantially 3.15 inches (8.00 cm).

An evaporative heat exchanger (26, 26A, 26B, 26C, 26D) according to claim 8, further characterized by the fins
(20) having a center-to-center spacing of substantially 0.308 inch (0.782 cm) to substantially 0.364 inch (0.925 cm),
a height of substantially 0.294 inch (0.747 cm) to substantially 0.347 inch (0.881 cm), the fins having a thickness of
substantially 0.009 inch (0.023 cm) to substantially 0.015 inch (0.038 cm), and the horizontally adjacent tubes (20)
having a generally vertical center-to-center spacing (D,) of substantially 1.57 inches (3.99 cm) to about 2.15 inches
(5.46 cm).

The evaporative heat exchanger (26, 26A, 26B, 26C, 26D) according to claim 9, further characterized by the fins
(20) having a center-to-center spacing of substantially 0.333 inch (0.846 cm), a height of substantially 0.3125 inch
(0.794 cm), a thickness of substantially 0.01 inch (0.025 cm) to substantially 0.013 inch (0.033 cm), the tubes (10)
having a center-to-center spacing (D) generally horizontally and generally normal to the longitudinal axis of the
tubes of substantially 1.175 inches (2.985 cm), and the tubes having a generally vertical center-to-center spacing
(D,) of substantially 1.88 inches (4.78 cm).

An evaporative heat exchanger (26, 26A, 26B, 26C, 26D) according to any preceding claim, further characterized
by the major axes of the tubes (10) being generally parallel to the longitudinal axis (42, 42A, 42B, 42C, 42D) of the
plenum (40, 40A, 40B, 40C, 40D), or

further characterized by the major axes of the tubes (10) being angled with respect to the longitudinal axis (42,
42A, 42B, 42C, 42D) of the plenum (40, 40A, 40B, 40C, 40D).

An evaporative heat exchanger (26, 26A, 26B, 26C, 26D) according to claim 11, further characterized by the major
axes of the tubes (10) of adjacent tubes on different vertical levels (L2A, L2B) being angled in opposite directions
with respectto each other and to the longitudinal axis (42, 42A,42B,42C, 42D) of the plenum (40, 40A, 40B, 40C,40D).

An evaporative heat exchanger (26, 26A, 26B, 26C, 26D) according to claim 12, further characterized by the angle
of the major axes of the tubes (10) on a first generally horizontal level (L1B) being greater than 0° to about 25° from
the longitudinal axis (42, 42A, 42B, 42C, 42D) of the plenum (40, 40A, 40B, 40C, 40D) and the angle of the major
axes of the tubes on the next vertically adjacent generally horizontal level (L2B) being about 335° to less than 360°
from the longitudinal axis (42, 42A, 42B, 42C, 42D) of the plenum (40, 40A, 40B, 40C, 40D), or

further characterized by the angle of the major axes of the tubes (10) on a first generally horizontal level (L1B)
being about 20° from the longitudinal axis (42, 42A, 42B, 42C, 42D) of the plenum (40, 40A, 40B, 40C, 40D) and
the angle of the major axes of the tubes on the next vertically adjacent generally horizontal level (L2B) being about
340° from the longitudinal axis of the plenum.

The evaporative heat exchanger (26, 26A, 26B, 26C, 26D) according to any preceding claim, further characterized
by the fins (20) having undulations in and out of a plane of material used to make the fins.
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The evaporative heat exchanger (26, 26A, 26B, 26C, 26D) according to any preceding claim, further characterized
by the finned tubes (10) being galvanized such that the fins (20) after galvanization are thicker at a base proximal
to the outer surface of the tube than at a tip of the fins distal from the outer surface of the tube.

The evaporative heat exchanger (26, 26A, 26B, 26C, 26D) according to claim 1 or 2, further comprising the tubes
(10) being serpentine tubes (10) having a plurality of segments (12, 12A, 12B) and a plurality of return bends (14,
14A, 14B), the return bends being oriented in generally vertical planes, the segments of each tube connecting the
return bends of each tube and extending between the return bends in a direction generally horizontally, the segments
having a longitudinal axis (13) and a generally elliptical cross-sectional shape having a major axis with a length and
a minor axis with a length where the average of the major axis length and the minor axis length is a nominal tube
outside diameter, the segments being arranged in the coil assembly (24, 24A, 24B, 24C, 24D) such that the segments
of adjacent tubes are generally vertically spaced from each other within planes generally parallel to the major plane
(25), the segments of adjacent tubes in the planes generally parallel to the major plane being staggered and spaced
with respect to each other generally vertically (Dy/) to form a plurality of staggered generally horizontal levels (L1A,
L1B; L2A, L2B) in which every other segment is aligned in the same generally horizontal level generally parallel to
the major plane, and wherein the segments are spaced (Dy) from each other generally horizontally and generally
normal to the longitudinal axis (13) of the segment connected to the return bend,

characterized by the segments (12, 12A, 12B) having external fins (20) formed on an outer surface of the tubes
(10), wherein the fins have a spacing of substantially 1.5 to substantially 3.5 fins per inch (2.54 cm) along the
longitudinal axis (13) of the segments, the fins having a height extending from the outer surface of the segments a
distance of substantially 23.8% to substantially 36% of the nominal tube outside diameter, the fins having a thickness
of substantially 0.007 inch (0.018 cm) to substantially 0.020 inch (0.051 cm), the segments having a center-to-center
spacing (Dy) generally horizontally and generally normal to the longitudinal axis of the segments of substantially
100% to substantially 131% of the nominal tube outside diameter, and the horizontally adjacent segments having
a generally vertical center-to-center spacing (D,) of substantially 110% to substantially 300% of the nominal tube
outside diameter.

An evaporative heat exchanger (26, 26A, 26B, 26C, 26D) according to claim 16, further characterized by the fins
(20) having a spacing of substantially 2.75 to substantially 3.25 fins per inch (2.54 cm) along the longitudinal axis
(13) of the segments (12, 12A, 12B), the fins having a height of substantially 28% to substantially 33% of the nominal
tube outside diameter, the fins having a thickness of substantially 0.009 inch (0.023 cm) to substantially 0.015 inch
(0.038 cm), the segments having a center-to-center spacing (Dy) generally horizontally and generally normal to the
longitudinal axis of the segments of substantially 106% to substantially 118% of the nominal tube outside diameter,
and the horizontally adjacent segments having a generally vertical center-to-center spacing (D,,) of substantially
150% to substantially 205% of the nominal tube outside diameter, or

further characterized by the fins (20) having a spacing of substantially 3 fins per inch (2.54 cm) along the longitudinal
axis (13) of the segments (12, 12A, 12B), the fins having a height of substantially 29.76% of the nominal tube outside
diameter, the fins having a thickness of substantially 0.01 inch (0.025 cm) to substantially 0.013 inch (0.033 cm),
the segments having a center-to-center spacing (D) generally horizontally and generally normal to the longitudinal
axis of the segments of substantially 112% of the nominal tube outside diameter, and the horizontally adjacent
segments having a generally vertical center-to-center spacing (D,) of substantially 179% of the nominal tube outside
diameter.

An evaporative heat exchanger (26, 26A, 26B, 26C, 26D) according to claim 16, further characterized by the return
bends (14, 14A, 14B) having a circular cross-section with an outside diameter of substantially 1.05 inches (2.67 cm)
and the nominal tube outside diameter being substantially 1.05 inches (2.67 cm), or

further characterized by the return bends (14, 14A, 14B) having a generally elliptical cross-section and the nominal
tube outside diameter being substantially 1.05 inches (2.67 cm), or

further characterized by the major axes (13) of the segments (12, 12A, 12B) being generally parallel to the plane
of the return bends (14, 14A, 14B), or

further characterized by the major axes of the segments (12B) being angled with respect to the plane of the return
bends (14, 14A, 14B).

An evaporative heat exchanger (26, 26A, 26B, 26C, 26D) according to claim 18, in which the major axes of the
segment (12B) is angled with respect to the plane of the return bends (14, 14A, 14B) further characterized by the
major axes of the segments (12B) of adjacent tubes (10) on different vertical levels (L1B, L2B) being angled in
opposite directions with respect to each other and to the plane of the return bends (14, 14A, 14B).
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20. An evaporative heat exchanger (26, 26A, 26B, 26C, 26D) according to claim 19, further characterized by the angle

21.

of the major axes of the segments (12B) on a first generally horizontal level (L1B) being greater than 0° to about
25° from the plane of the return bends (14, 14A, 14B) and the angle of the major axes of the segments on the next
vertically adjacent generally horizontal level (L2B) being about 335° to less than 360° from the plane of the return
bends, or

further characterized by the angle of the major axes of the segments (12B) on a first generally horizontal level
(L1B) being about 20° from the plane of the return bends (14, 14A, 14B) and the angle of the major axes of the
segments on the next vertically adjacent generally horizontal level (L2B) being about 340° from the plane of the
return bends.

An evaporative heat exchanger (26, 26A, 26B, 26C, 26D) according to claim 20, further characterized by the fins
(20) having a spacing of substantially 2.75 to substantially 3.25 fins per inch (2.54 cm) along the longitudinal axis
(13) of the segments (12, 12A, 12B), the fins having a height of substantially 28% to substantially 33% of the nominal
tube outside diameter, the fins having a thickness of substantially 0.009 inch (0.023 cm) to substantially 0.015 inch
(0.038 cm), the segments having a center-to-center spacing (Dy) generally horizontally and generally normal to the
longitudinal axis of the segments of substantially 106% to substantially 118% of the nominal tube outside diameter,
and the horizontally adjacent segments having a generally vertical center-to-center spacing (D,)) of substantially
150% to substantially 205% of the nominal tube outside diameter, or

further characterized by the fins (20) having a spacing of substantially 3 fins per inch (2.54 cm) along the longitudinal
axis (13) of the segments (12, 12A, 12B), the fins having a height of substantially 29.76% of the nominal tube outside
diameter, the fins having a thickness of substantially 0.01 inch (0.025 cm) to substantially 0.013 inch (0.033 cm),
the segments having a center-to-center spacing (D) generally horizontally and generally normal to the longitudinal
axis of the segments of substantially 112% of the nominal tube outside diameter, and the segments having a generally
vertical center-to-center spacing (D,)) of substantially 179% of the nominal tube outside diameter.

Patentanspriiche

1.

Verdunstungswarmetauscher (26, 26A, 26B, 26C, 26D), eine Sammelkammer (40, 40A, 40B, 40C, 40D) mit einer
hauptsachlich vertikalen Lédngsachse (42, 42A, 42B, 42C, 42D), einen Verteiler (54, 54B, 54C), um eine externe
Warmetauscherflissigkeit in die Sammelkammer verteilend einzuleiten, einen Luftbeweger (48, 48B, 48C, 48D,
62), um zu bewirken, dass Luft in einer Richtung durch die Sammelkammer in einer Richtung gegenlaufig zur,
hauptsachlich parallel zur, oder hauptsachlich quer zur Langsachse der Sammelkammer stromt, und ein Schlan-
gensystem (24, 24A, 24B, 24C, 24D) aufweisend, das eine Hauptebene (25) hat und so in der Sammelkammer
angebracht ist, dass die Hauptebene hauptsachlich senkrecht zur Langsachse der Sammelkammer ist, und so,
dass die externe Warmetauscherfliissigkeit in einer hauptsachlich vertikalen Strémungsrichtung extern durch das
Schlangensystem fliel3t, wobei das Schlangensystem eine Einlasssammelleitung (32) und Auslasslasssammellei-
tung (34) und mehrere, die Sammelleitungen verbindende Rohre (10) aufweist, wobei sich die Rohre in einer haupt-
sachlich horizontalen Richtung erstrecken und eine Langsachse (13) und eine hauptséachlich elliptische Querschnitts-
form mit einer Uber eine Lange verfligenden Hauptachse und einer Uber eine Lange verfligenden Nebenachse
haben, wobei es sich bei dem Mittelwert der Hauptachsenlange und der Nebenachsenldnge um einen nominalen
Rohrauflendurchmesser handelt, wobei die Rohre im Schlangensystem so angeordnet sind, dass benachbarte
Rohre voneinander innerhalb zur Hauptebene hauptsachlich parallelen Ebenen hauptséachlich vertikal beabstandet
sind, wobei die benachbarten Rohre in den zur Hauptebene hauptsachlich parallelen Ebenenim Hinblick aufeinander
hauptséchlich vertikal (D, ) versetzt und beabstandet sind, um mehrere versetzte, hauptsachlich horizontale Niveaus
(L1A, L1B; L2A, L2B) zu bilden, auf denen jedes zweite Rohr auf demselben hauptséachlich horizontalen Niveau
hauptsachlich parallel zur Hauptebene angeordnet ist, und wobei die Rohre voneinander hauptséachlich horizontal
und hauptsachlich senkrecht zur Ladngsachse des Rohrs beabstandet (D) sind,

dadurch gekennzeichnet, dass es sich bei mindestens einem der Rohre (10) um ein Lamellenrohr mit Au3enla-
mellen (20) handelt, die an einer AuRenflache der Rohre ausgebildet sind, wobei die Lamellen eine Beabstandung
von 1,5 bis 3,5 Lamellen pro Zoll (2,54 cm) entlang der Langsachse (13) der Rohre haben, wobei die Lamellen eine
Hoéhe haben, die sich von der AuRenflache der Rohre um einen Abstand von im Wesentlichen 23,8% bis im We-
sentlichen 36% des nominalen Rohrau3endurchmessers erstreckt, wobei die Rohre eine Dicke vonim Wesentlichen
0,007 Zoll (0,018 cm) bis im Wesentlichen 0,020 Zoll (0,051 cm) haben, wobei die Lamellen eine Beabstandung
(Dy) von Mitte zu Mitte hauptséchlich horizontal und hauptsachlich senkrecht zur Langsachse (13) der Rohre von
im Wesentlichen 100% bis im Wesentlichen 131% des nominalen Rohrauliendurchmessers haben, und die hori-
zontal benachbarten Rohre eine hauptsachlich vertikale Beabstandung (Dv) von Mitte zu Mitte von im Wesentlichen
110% bis im Wesentlichen 300% des nominalen RohrauRendurchmessers haben.
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Verdunstungswarmetauscher (26, 26A,26B, 26C, 26D) nach Anspruch 1, dartiber hinaus dadurch gekennzeichnet,
dass es sich bei einer Vielzahl der Rohre (10) im Schlangensystem (24, 24A, 24B, 24C, 24D) um die Lamellenrohre
handelt, oder dariber hinaus dadurch gekennzeichnet, dass es sich bei einer Mehrzahl der Rohre (10) im Schlan-
gensystem (24, 24A, 24B, 24C, 24D) um die Lamellenrohre handelt, oder dariiber hinaus dadurch gekennzeichnet,
dass es sich bei allen Rohren (10) im Schlangensystem (24, 24A, 24B, 24C, 24D) um die Lamellenrohre handelt.

Verdunstungswarmetauscher (26, 26A, 26B, 26C, 26D) nach einem der vorhergehenden Anspriiche, darliber hinaus
dadurch gekennzeichnet, dass die Lamellen (20) eine Beabstandung von im Wesentlichen 2,75 bis im Wesent-
lichen 3,25 Lamellen pro Zoll (2,54 cm) entlang der Langsachse (13) der Rohre haben, oder eine Beabstandung
von im Wesentlichen 3 Lamellen pro Zoll (2,54 cm) entlang der Ladngsachse (13) der Rohre (10) haben.

Verdunstungswarmetauscher (26, 26A, 26B, 26C, 26D) nach einem der vorhergehenden Anspriiche, darliber hinaus
dadurch gekennzeichnet, dass die Rohre (10) hauptsachlich horizontal und hauptséachlich senkrecht zur Langs-
achse der Rohre eine Beabstandung (Dy) von Mitte zu Mitte von im Wesentlichen 106% bis im Wesentlichen 118%
des nominalen RohrauRendurchmessers haben, oder darliber hinaus dadurch gekennzeichnet, dass die Rohre
(10) hauptséachlich horizontal und hauptséchlich senkrecht zur Langsachse der Rohre eine Beabstandung (Dy) von
Mitte zu Mitte von im Wesentlichen 112% des nominalen Rohraulendurchmessers haben.

Verdunstungswarmetauscher (26, 26A, 26B, 26C, 26D) nach einem der vorhergehenden Anspriiche, darliber hinaus
dadurch gekennzeichnet, dass die Rohre (10) eine hauptsachlich vertikale Beabstandung (Dv) von Mitte zu Mitte
von im Wesentlichen 150% bisim Wesentlichen 205% des nominalen Rohrauftendurchmessers haben, oder dariiber
hinaus dadurch gekennzeichnet, dass die Rohre (10) eine haupsachlich vertikale Beabstandung (Dv) von Mitte
zu Mitte von im Wesentlichen 179% des nominalen RohrauRendurchmessers haben.

Verdunstungswarmetauscher (26, 26A, 26B, 26C, 26D) nach Anspruch 1 oder 2, dartber hinaus dadurch gekenn-
zeichnet, dass die Lamellen (20) eine Beabstandung von im Wesentlichen 2,75 bis im Wesentlichen 3,25 Lamellen
pro Zoll (2,54 cm) entlang der Langsachse (13) der Rohre haben, die Lamellen eine Héhe von im Wesentlichen
28% bis im Wesentlichen 33% des nominalen RohrauRendurchmessers haben, die Lamellen eine Dicke von im
Wesentlichen 0,009 Zoll (0,023 cm) bis im Wesentlichen 0,015 Zoll (0,038 cm) haben, die Rohre hauptsachlich
horizontal und hauptsé&chlich senkrecht zur Ladngsachse der Rohre eine Beabstandung (D) von Mitte zu Mitte von
im Wesentlichen 106% bis im Wesentlichen 118% des nominalen RohrauRendurchmessers haben, und die Rohre
eine hauptséachlich vertikale Beabstandung (Dv) von Mitte zu Mitte von im Wesentlichen 150% bis im Wesentlichen
205% des nominalen Rohrauflendurchmessers haben, oder

Verdunstungswarmetauscher (26, 26A, 26B, 26C, 26D) nach Anspruch 1 oder 2, dartiber hinaus dadurch gekenn-
zeichnet, dass die Lamellen (20) eine Beabstandung von im Wesentlichen 3 Lamellen pro Zoll (2,54 cm) entlang
der Langsachse (13) der Rohre haben, die Lamellen eine H6he von im Wesentlichen 29,76% des nominalen Rohr-
auflendurchmessers haben, die Lamellen eine Dicke von im Wesentlichen 0,01 Zoll (0,025 cm) bis im Wesentlichen
0,013 Zoll (0,033 cm) haben, die Rohre (10) hauptsachlich horizontal und hauptsachlich senkrecht zur Langsachse
der Rohre eine Beabstandung (Dy) von Mitte zu Mitte von ca. 112% des nominalen RohrauRendurchmessers haben,
und die Rohre eine hauptsachlich vertikale Beabstandung (Dv) von Mitte zu Mitte von ca. 179% des nominalen
Rohrauflendurchmessers haben.

Verdunstungswarmetauscher (26, 26A, 26B, 26C, 26D) nach einem der vorhergehenden Anspriiche, darliber hinaus
dadurch gekennzeichnet, dass der nominale RohrauRendurchmesserim Wesentlichen 1,05 Zoll (2,67 cm) betragt.

Verdunstungswarmetauscher (26, 26A, 26B, 26C, 26D) nach Anspruch 1 oder 2, dariiber hinaus dadurch gekenn-
zeichnet, dass der nominale RohrauRendurchmesser im Wesentlichen 1,05 Zoll (2,67 cm) betragt, die Lamellen
(20) eine Beabstandung von Mitte zu Mitte von im Wesentlichen 0,286 Zoll (0,726 cm) bis im Wesentlichen 0,667
Zoll (1,694 cm) haben, die Lamellen eine Hohe von im Wesentlichen 0,25 Zoll (0,635 cm) bis im Wesentlichen 0,375
Zoll (0,953 cm) haben, die Rohre (10) hauptsachlich horizontal und hauptsachlich senkrecht zur Ladngsachse (13)
der Rohre eine Beabstandung (D) von Mitte zu Mitte von im Wesentlichen 1,05 Zoll (2,67 cm) bis im Wesentlichen
1,38 Zoll (3,51 cm) haben, und die horizontal benachbarten Rohre eine hauptsachlich vertikale Beabstandung (Dv)
von Mitte zu Mitte von im Wesentlichen 1,15 Zoll (2,92 cm) bis im Wesentlichen 3,15 Zoll (8,00 cm) haben.

Verdunstungswarmetauscher (26, 26A,26B, 26C, 26D) nach Anspruch 8, dartiber hinaus dadurch gekennzeichnet,
dass die Lamellen (20) eine Beabstandung von Mitte zu Mitte von im Wesentlichen 0,308 Zoll (0,782 cm) bis im
Wesentlichen 0,364 Zoll (0,925 cm) haben, eine Héhe von im Wesentlichen 0,294 Zoll (0,747 cm) bis im Wesentlichen
0,347 Zoll (0,881 cm) haben, die Lamellen eine Dicke von im Wesentlichen 0,009 Zoll (0,023 cm) bis im Wesentlichen
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0,015 Zoll (0,038 cm) haben, und die horizontal benachbarten Rohre (20) eine hauptsachlich vertikale Beabstandung
(Dv) von Mitte zu Mitte von im Wesentlichen 1,57 Zoll (3,99 cm) bis ca. 2,15 Zoll (5,46 cm) haben.

Verdunstungswarmetauscher (26, 26A,26B, 26C, 26D) nach Anspruch 9, dartiber hinaus dadurch gekennzeichnet,
dass die Lamellen (20) eine Beabstandung von Mitte zu Mitte von im Wesentlichen 0,333 Zoll (0,846 cm) haben,
eine Hohe von im Wesentlichen 0,3125 Zoll (0,794 cm) haben, eine Dicke von im Wesentlichen 0,01 Zoll (0,025
cm) bis im Wesentlichen 0,013 Zoll (0,033 cm) haben, die Rohre (10) hauptsachlich horizontal und hauptsachlich
senkrecht zur Langsachse des Rohre eine Beabstandung (Dy) von Mitte zu Mitte von im Wesentlichen 1,175 Zoll
(2,985 cm) haben, und die Rohre eine hauptsachlich vertikale Beabstandung (Dv) von Mitte zu Mitte von im We-
sentlichen 1,88 Zoll (4,78 cm) haben.

Verdunstungswarmetauscher (26, 26A, 26B, 26C, 26D) nach einem der vorhergehenden Anspriiche, darliber hinaus
dadurch gekennzeichnet, dass die Hauptachsen der Rohre (10) hauptsachlich parallel zur Langsachse (42, 42A,
42B, 42C, 42D) der Sammelkammer (40, 40A, 40B, 40C, 40D) sind, oder

daruber hinaus dadurch gekennzeichnet, dass die Hauptachsen der Rohre (10) im Hinblick auf die Langsachse
(42, 42A, 42B, 42C, 42D) der Sammelkammer (40, 40A, 40B, 40C, 40D) abgewinkelt sind.

Verdunstungswarmetauscher (26, 26A, 26B, 26C, 26D) nach Anspruch 11, dartber hinaus dadurch gekennzeich-
net, dass die Hauptachsen der Rohre (10) von benachbarten Rohren auf verschiedenen vertikalen Niveaus (L2A,
L2B) im Hinblick aufeinander und zur Langsachse (42, 42A, 42B, 42C, 42D) der Sammelkammer (40, 40A, 40B,
40C, 40D) in entgegengesetzten Richtungen abgewinkelt sind.

Verdunstungswarmetauscher (26, 26A, 26B, 26C, 26D) nach Anspruch 12, dartber hinaus dadurch gekennzeich-
net, dass der Winkel der Hauptachsen der Rohre (10) auf einem ersten, hauptsachlich horizontalen Niveau (L1B)
ab der Langsachse (42, 42A, 42B, 42C, 42D) der Sammelkammer (40, 40A, 40B, 40C, 40D) gréRer als 0° bis ca.
25° betragt, und der Winkel der Hauptachsen der Rohre auf dem nachsten vertikal benachbarten, hauptsachlich
horizontalen Niveau (L2B) ab der Langsachse (42, 42A, 42B, 42C, 42D) der Sammelkammer (40, 40A, 40B, 40C,
40D) ca. 335° bis weniger als 360° betragt, oder

daruber hinaus dadurch gekennzeichnet, dass der Winkel der Hauptachsen der Rohre (10) auf einem ersten,
hauptsachlich horizontalen Niveau (L1B) ab der Langsachse (42, 42A, 42B, 42C, 42D) der Sammelkammer (40,
40A, 40B, 40C, 40D) ca. 20° betragt, und der Winkel der Hauptachsen der Rohre auf dem nachsten vertikal be-
nachbarten, hauptséachlich horizontalen Niveau (L2B) ab der Langsachse der Sammelkammer ca. 340° betragt.

Verdunstungswarmetauscher (26, 26A, 26B, 26C, 26D) nach einem der vorhergehenden Anspriiche, darliber hinaus
dadurch gekennzeichnet, dass die Lamellen (20) Wellen in und aus einer Ebene aus einem zum Herstellen der
Lamellen verwendeten Material aufweisen.

Verdunstungswarmetauscher (26, 26A, 26B, 26C, 26D) nach einem der vorhergehenden Anspriiche, darliber hinaus
dadurch gekennzeichnet, dass die Lamellenrohre (10) so galvanisiert sind, dass die Lamellen (20) nach der
Galvanisierung an einer Basis nahe an der AuRenflache des Rohrs dicker sind als an einer Spitze der Lamellen
fern von der AufRenflache des Rohrs.

Verdunstungswarmetauscher (26, 26A, 26B, 26C, 26D) nach Anspruch 1 oder 2, dariber hinaus Rohre (10) auf-
weisend, bei denen es sich um Schlangenrohre (10) handelt, die mehrere Segmente (12, 12A, 12B) und mehrere
Rucklaufkniestiicke (14, 14A, 14B) haben, wobei die Ricklaufkniestlicke in hauptsachlich vertikalen Ebenen aus-
gerichtet sind, die Segmente jedes Rohrs die Riicklaufkniestiicke jedes Rohrs verbinden und sich zwischen den
Rucklaufkniestiicken in einer hauptsachlich horizontalen Richtung erstrecken, die Segmente eine Langsachse (13)
und eine hauptsachlich elliptische Querschnittsform mit einer tber eine Lange verfiigenden Hauptachse und einer
Uber eine Lange verfigenden Nebenachse haben, es sich bei dem Mittelwert der Hauptachsenlédnge und der Ne-
benachsenldange um einen nominalen RohraulRendurchmesser handelt, die Segmente im Schlangensystem (24,
24A, 24B, 24C, 24D) so angeordnet sind, dass die Segmente benachbarter Rohre voneinander innerhalb zur Haup-
tebene (25) hauptséachlich parallelen Ebenen hauptsachlich vertikal beabstandet sind, die Segmente benachbarter
Rohre innerhalb der zur Hauptebene hauptsachlich parallelen Ebenenim Hinblick aufeinander hauptsachlich vertikal
(Dv) versetzt und beabstandet sind, um mehrere versetzte, hauptsachlich horizontale Niveaus (L1A, L1B; L2A, L2B)
zu bilden, wobei jedes zweite Segment auf demselben hauptsachlich horizontalen Niveau hauptséchlich parallel
zur Hauptebene ausgerichtet ist, und wobei die Segmente haupséachlich horizontal und hauptsachlich senkrecht
zur Langsachse (13) des an das Ricklaufkniestiick angeschlossenen Segments beabstandet (Dy) sind,

dadurch gekennzeichnet, dass die Segmente (12, 12A, 12B) AuRenlamellen (20) haben, die an einer AuBenflache
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der Rohre (10) ausgebildet sind, wobei die Lamellen eine Beabstandung von im Wesentlichen 3,5 Lamellen pro
Zoll (2,54 cm) entlang der Langsachse (13) der Segmente haben, die Lamellen eine Héhe haben, die sich von der
AuBenflache der Segmente um einen Abstand von im Wesentlichen 23,8% bis im Wesentlichen 36% des nominalen
AuBendurchmessers erstreckt, die Lamellen eine Dicke von im Wesentlichen 0,007 Zoll (0,018 cm) bis im Wesent-
lichen 0,020 Zoll (0,051 cm) haben, die Segmente eine zur Langsachse der Segmente hauptsachlich horizontale
und hauptsachlich senkrechte Beabstandung (Dy) von Mitte zu Mitte von im Wesentlichen 100% bis im Wesentlichen
131% des nominalen RohrauRendurchmessers haben, und die horizontal benachbarten Segmente eine hauptsach-
lich vertikale Beabstandung (Dv) von Mitte zu Mitte von im Wesentlichen 110% bis im Wesentlichen 300% des
nominalen RohrauRendurchmessers haben.

Verdunstungswarmetauscher (26, 26A, 26B, 26C, 26D) nach Anspruch 16, dartber hinaus dadurch gekennzeich-
net, dass die Lamellen (20) eine Beabstandung von im Wesentlichen 2,75 bis im Wesentlichen 3,25 Lamellen pro
Zoll (2,54 cm) entlang der Langsachse (13) der Segmente (12, 12A, 12B) haben, die Lamellen eine H6he von im
Wesentlichen 28% bis im Wesentlichen 33% des nominalen Rohrau3endurchmessers haben, die Lamellen eine
Dicke von im Wesentlichen 0,009 Zoll (0,023 cm) bis im Wesentlichen 0,015 Zoll (0,038 cm) haben, die Segmente
eine zur Langsachse der Segmente hauptsachlich horizontale und hauptsachlich senkrechte Beabstandung (D)
von Mitte zur Mitte von im Wesentlichen 106% bis im Wesentlichen 118% des nominalen RohrauRendurchmessers
haben, und die horizontal benachbarten Segmente eine hauptsachlich vertikale Beabstandung (Dv) von Mitte zu
Mitte von im Wesentlichen 150% bis im Wesentlichen 205% des nominalen Rohrau3endurchmessers haben, oder
daruber hinaus dadurch gekennzeichnet, dass die Lamellen (20) eine Beabstandung von im Wesentlichen 3
Lamellen pro Zoll (2,54 cm) entlang der Langsachse (13) der Segmente (12, 12A, 12B) haben, die Lamellen eine
Hoéhe von im Wesentlichen 29,76% des nominalen RohrauRendurchmessers haben, die Lamellen eine Dicke von
im Wesentlichen 0,01 Zoll (0,025 cm) bis im Wesentlichen 0,013 Zoll (0,033 cm) haben, die Segmente eine zur
Langsachse der Segmente hauptsichlich horizontale und hauptséachlich senkrechte Beabstandung (Dy) von Mitte
zur Mitte von im Wesentlichen 112% des nominalen RohrauRendurchmessers haben, und die horizontal benach-
barten Segmente eine hauptséachlich vertikale Beabstandung (D,,) von Mitte zu Mitte von im Wesentlichen 179%
des nominalen RohrauRendurchmessers haben.

Verdunstungswarmetauscher (26, 26A, 26B, 26C, 26D) nach Anspruch 16, dartber hinaus dadurch gekennzeich-
net, dass die Ricklaufkniestiicke (14, 14A, 14B) einen kreisférmigen Querschnitt mit einem AuRendurchmesser
von im Wesentlichen 1,05 Zoll (2,67 cm) haben und der nominale RohrauRendurchmesser im Wesentlichen 1,05
Zoll (2,67 cm) betragt, oder

daruber hinaus dadurch gekennzeichnet, dass die Ricklaufkniestiicke (14, 14A, 14B) einen hauptsachlich ellip-
tischen Querschnitt haben und der nominale RohrauRendurchmesser im Wesentlichen 1,05 Zoll (2,67 cm) betragt,
oder

daruber hinaus dadurch gekennzeichnet, dass die Hauptachsen (13) der Segmente (12, 12A, 12B) hauptsachlich
parallel zur Ebene der Rucklaufkniestiicke (14, 14A, 14B) sind, oder

dartber hinaus dadurch gekennzeichnet, dass die Hauptachsen der Segmente (12B) im Hinblick auf die Ebene
der Rucklaufkniestiicke (14, 14A, 14B) abgewinkelt sind.

Verdunstungswarmetauscher (26, 26A, 26B, 26C, 26D) nach Anspruch 18, wobei die Hauptachse des Segments
(12B) im Hinblick auf die Ebene der Riicklaufkniestiicke (14, 14A, 14B) abgewinkelt sind, darliber hinaus dadurch
gekennzeichnet, dass die Hauptachsen der Segmente (12B) benachbarter Rohre (10) auf verschiedenen vertikalen
Niveaus (L1B, L2B) im Hinblick aufeinander und zur Ebene der Riicklaufkniestlicke (14, 14A, 14B) in entgegenge-
setzten Richtungen abgewinkelt sind.

Verdunstungswarmetauscher (26, 26A, 26B, 26C, 26D) nach Anspruch 19, dartber hinaus dadurch gekennzeich-
net, dass der Winkel der Hauptachsen der Segmente (12B) auf einem ersten, hauptsachlich horizontalen Niveau
(L1B) ab der Ebene der Ricklaufkniestlicke (14, 14A, 14B) gréRer als 0° bis ca. 25° ist, und der Winkel der Haupt-
achsen der Segmente auf dem nachsten vertikalen benachbarten, hauptséachlich horizontalen Niveau (L2B) ab der
Ebene der Riicklaufkniestlicke ca. 335° bis weniger als 360° betragt, oder

daruber hinaus dadurch gekennzeichnet, dass der Winkel der Hauptachsen der Segmente (12B) auf einem ersten,
hauptsachlich horizontalen Niveau (L1B) ab der Ebene der Riicklaufkniestiicke (14, 14A, 14B) ca. 20° betragt, und
der Winkel der Hauptachsen der Segmente auf dem nachsten vertikalen benachbarten, hauptséchlich horizontalen
Niveau (L2B) ab der Ebene der Riicklaufkniestlicke ca. 340° betragt.

Verdunstungswarmetauscher (26, 26A, 26B, 26C, 26D) nach Anspruch 20, dartber hinaus dadurch gekennzeich-
net, dass die Lamellen (20) eine Beabstandung von im Wesentlichen 2,75 bis im Wesentlichen 3,25 Lamellen pro
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Zoll (2,54 cm) entlang der Langsachse (13) der Segmente (12, 12A, 12B) haben, die Lamellen eine H6he von im
Wesentlichen 28% bis im Wesentlichen 33% des nominalen Rohrau3endurchmessers haben, die Lamellen eine
Dicke von im Wesentlichen 0,009 Zoll (0,023 cm) bis im Wesentlichen 0,015 Zoll (0,038 cm) haben, die Segmente
hauptséchlich horizontal und hauptsachlich senkrecht zur LAngsachse der Segmente eine Beabstandung (Dy) von
Mitte zu Mitte von im Wesentlichen 106% bis im Wesentlichen 118% des nominalen RohrauRendurchmessers
haben, und die horizontal benachbarten Segmente eine haupsachlich vertikale Beabstandung (Dv) von Mitte zu
Mitte von im Wesentlichen 150% bis im Wesentlichen 205% des nominalen Rohraultendurchmessers haben, oder
daruber hinaus dadurch gekennzeichnet, dass die Lamellen (20) eine Beabstandung von im Wesentlichen 3
Lamellen pro Zoll (2,54 cm) entlang der Langsachse (13) der Segmente (12, 12A, 12B) haben, die Lamellen eine
Hoéhe von im Wesentlichen 29,76% des nominalen RohrauRendurchmessers haben, die Lamellen eine Dicke von
im Wesentlichen 0,01 Zoll (0,025 cm) bis im Wesentlichen 0,013 Zoll (0,033 cm) haben, die Segmente hauptsachlich
horizontal und haupts&chlich senkrecht zur La4ngsachse der Segmente eine Beabstandung (Dy) von Mitte zu Mitte
von im Wesentlichen 112% des nominalen RohraulRendurchmessers haben, und die Segmente eine hauptsachlich
vertikale Beabstandung (Dv) von Mitte zu Mitte von ca. 179% des nominalen Rohraulendurchmessers haben.

Revendications

Echangeur thermique a évaporation (26, 26A, 26B, 26C, 26D) comprenant un plénum (40, 40A, 40B, 40C, 40D)
ayant un axe longitudinal généralement vertical (42, 42A, 42B, 42C, 42D), un distributeur (54, 54B, 54C) pour
distribuer un fluide caloporteur externe dans le plénum, un appareil de ventilation (48, 48B, 48C, 48D, 62) pour
causer la circulation de I'air dans une direction traversant le plénum dans une direction généralement a contrecourant
de, généralement paralléle a, ou généralement transversalement a I'axe longitudinal du plénum, et un ensemble
serpentin (24, 24A, 24B, 24C, 24D) ayant un plan majeur (25) et étant monté a l'intérieur du plénum de sorte que
le plan majeur est généralement perpendiculaire a I'axe longitudinal du plénum et de sorte que le fluide caloporteur
externe s’écoule de maniére externe a travers 'ensemble serpentin dans une direction d’écoulement généralement
verticale, 'ensemble serpentin comprenant des collecteurs d’entrée (32) et de sortie (34) et une pluralité de tubes
(10) reliant les collecteurs, les tubes s’étendant dans une direction généralement horizontale et ayant un axe lon-
gitudinal (13) et une forme de section transversale généralement elliptique ayant un grand axe avec une longueur
et un petit axe avec une longueur, la moyenne de la longueur du grand axe et de la longueur du petit axe étant un
diameétre extérieur nominal de tube, les tubes étant agencés dans I'ensemble serpentin de sorte que les tubes
adjacents sont généralement espacés verticalement les uns des autres a l'intérieur de plans généralement paralléles
au plan majeur, les tubes adjacents dans les plans généralement paralléles au plan majeur étant décalés et espacés
les uns par rapport aux autres de maniére généralement verticale (Dv) pour former une pluralité de niveaux géné-
ralement horizontaux décalés (L1A, L1 B ; L2A, L2B) dans lesquels un tube sur deux est aligné dans le méme
niveau généralement horizontal généralement paralléle au plan majeur, et les tubes étant espacés (Dy) les uns des
autres de maniére généralement horizontale et généralement perpendiculaire a I'axe longitudinal du tube,
caractérisé en ce que au moins I'un des tubes (10) est un tube a ailettes ayant des ailettes externes (20) formées
sur une surface extérieure des tubes, les ailettes ayant un espacement de 1,5 a 3,5 ailettes par pouce (2,54 cm)
suivant I'axe longitudinal (13) des tubes, les ailettes ayant une hauteur s’étendant a partir de la surface extérieure
des tubes sur une distance de sensiblement 23,8% a sensiblement 36% du diamétre extérieur nominal de tube, les
ailettes ayant une épaisseur de sensiblement 0,007 pouce (0,018 cm) a sensiblement 0,020 pouce (0,051 cm), les
tubes ayant un espacement de centre a centre (D) généralement horizontal et généralement perpendiculaire a
I'axe longitudinal (13) des tubes de sensiblement 100% a sensiblement 131% du diameétre extérieur nominal de
tube, et les tubes horizontalement adjacents ayant un espacement de centre a centre généralement vertical (Dv)
de sensiblement 110% a sensiblement 300% du diameétre extérieur nominal de tube.

Echangeur thermique a évaporation (26, 26A, 26B, 26C, 26D) selon la revendication 1, caractérisé en outre en
ce qu’une pluralité des tubes (10) de 'ensemble serpentin (24, 24A, 24B, 24C, 24D) sont les tubes a ailettes, ou
caractérisé en outre en ce qu’une majorité des tubes (10) de 'ensemble serpentin (24, 24A, 24B, 24C, 24D) sont
les tubes a ailettes, ou caractérisé en outre en ce que tous les tubes (10) de I'ensemble serpentin (24, 24A, 24B,
24C, 24D) sont les tubes a ailettes.

Echangeur thermique a évaporation (26, 26A, 26B, 26C, 26D) selon I'une quelconque des revendications précé-
dentes, caractérisé en outre en ce que les ailettes (20) ont un espacement de sensiblement 2,75 a sensiblement
3,25 ailettes par pouce (2,54 cm) suivant I'axe longitudinal (13) des tubes (10), ou ontun espacement de sensiblement
3 ailettes par pouce (2,54 cm) suivant I'axe longitudinal (13) des tubes (10).
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Echangeur thermique a évaporation (26, 26A, 26B, 26C, 26D) selon I'une quelconque des revendications précé-
dentes, caractérisé en outre en ce que les tubes (10) ont un espacement de centre a centre (D) généralement
horizontal et généralement perpendiculaire a 'axe longitudinal des tubes de sensiblement 106% a sensiblement
118% du diamétre extérieur nominal de tube, ou caractérisé en outre en ce que les tubes (10) ont un espacement
de centre & centre (D) généralement horizontal et généralement perpendiculaire a I'axe longitudinal des tubes de
sensiblement 112% du diametre extérieur nominal de tube.

Echangeur thermique a évaporation (26, 26A, 26B, 26C, 26D) selon I'une quelconque des revendications précé-
dentes, caractérisé en outre en ce que les tubes (10) ont un espacement de centre a centre (Dv) généralement
vertical de sensiblement 150% a sensiblement 205% du diamétre extérieur nominal de tube, ou caractérisé en
outre en ce que les tubes (10) ont un espacement de centre a centre (Dv) généralement vertical de sensiblement
179% du diamétre extérieur nominal de tube.

Echangeur thermique a évaporation (26, 26A, 26B, 26C, 26D) selon la revendication 1 ou 2, caractérisé en outre
en ce que les ailettes (20) ont un espacement de sensiblement 2,75 a sensiblement 3,25 ailettes par pouce (2,54
cm) suivant I'axe longitudinal (13) des tubes, les ailettes ont une hauteur de sensiblement 28% a sensiblement 33%
du diamétre extérieur nominal de tube, les ailettes ont une épaisseur de sensiblement 0,009 pouce (0,023 cm) a
sensiblement 0,015 pouce (0,038 cm), les tubes ont un espacement de centre a centre (D) généralement horizontal
et généralement perpendiculaire a I'axe longitudinal des tubes de sensiblement 106% a sensiblement 118% du
diameétre extérieur nominal de tube, et les tubes ont un espacement de centre a centre (Dv) généralement vertical
de sensiblement 150% a sensiblement 205% du diamétre extérieur nominal de tube, ou

échangeur thermique a évaporation (26, 26A, 26B, 26C, 26D) selon la revendication 1 ou 2, caractérisé en outre
ence que les ailettes (20) ontun espacement de sensiblement 3 ailettes par pouce (2,54 cm) suivant'axe longitudinal
(13) des tubes, les ailettes ont une hauteur de sensiblement 29,76% du diamétre extérieur nominal de tube, les
ailettes ont une épaisseur de sensiblement 0,01 pouce (0,025 cm) a sensiblement 0,013 pouce (0,033 cm), les
tubes (10) ont un espacement de centre a centre (D) généralement horizontal et généralement perpendiculaire a
I'axe longitudinal des tubes d’environ 112% du diamétre extérieur nominal de tube, et les tubes ont un espacement
de centre a centre (D,) généralement vertical d’environ 179% du diamétre extérieur nominal de tube.

Echangeur thermique a évaporation (26, 26A, 26B, 26C, 26D) selon I'une quelconque des revendications précé-
dentes, caractérisé en outre en ce que le diametre extérieur nominal de tube est sensiblement de 1,05 pouces
(2,67 cm).

Echangeur thermique a évaporation (26, 26A, 26B, 26C, 26D) selon la revendication 1 ou 2, caractérisé en outre
en ce que le diameétre extérieur nominal de tube est sensiblement de 1,05 pouces (2,67 cm), les ailettes (20) ont
un espacement de centre a centre de sensiblement 0,286 pouce (0,726 cm) a sensiblement 0,667 pouce (1,694
cm), les ailettes ont une hauteur de sensiblement 0,25 pouce (0,635 cm) a sensiblement 0,375 pouce (0,953 cm),
les tubes (10) ont un espacement de centre & centre (D) généralement horizontal et généralement perpendiculaire
a l'axe longitudinal (13) des tubes de sensiblement 1,05 pouces (2,67 cm) a sensiblement 1,38 pouces (3,51 cm),
et les tubes horizontalement adjacents ont un espacement de centre a centre (Dv) généralement vertical de sen-
siblement 1,15 pouces (2,92 cm) a sensiblement 3,15 pouces (8,00 cm).

Echangeur thermique a évaporation (26, 26A, 26B, 26C, 26D) selon la revendication 8, caractérisé en outre en
ce quelesailettes (20) ontun espacementde centre a centre de sensiblement 0,308 pouce (0,782 cm) a sensiblement
0,364 pouce (0,925 cm), une hauteur de sensiblement 0,294 pouce (0,747 cm) a sensiblement 0,347 pouce (0,881
cm), les ailettes ont une épaisseur de sensiblement 0,009 pouce (0,023 cm) a sensiblement 0,015 pouce (0,038
cm), et les tubes horizontalement adjacents (20) ont un espacement de centre a centre (Dv) généralement vertical
de sensiblement 1,57 pouces (3,99 cm) a environ 2,15 pouces (5,46 cm).

Echangeur thermique a évaporation (26, 26A, 26B, 26C, 26D) selon la revendication 9, caractérisé en outre en
ce que les ailettes (20) ont un espacement de centre a centre de sensiblement 0,333 pouce (0,846 cm), une hauteur
de sensiblement 0,3125 pouce (0,794 cm), une épaisseur de sensiblement 0,01 pouce (0,025 cm) a sensiblement
0,013 pouce (0,033 cm), les tubes (10) ont un espacement de centre & centre (D) généralement horizontal et
généralement perpendiculaire a I'axe longitudinal des tubes de sensiblement 1,175 pouces (2,985 cm), et les tubes
ont un espacement de centre a centre (Dv) généralement vertical de sensiblement 1,88 pouces (4,78 cm).

Echangeur thermique a évaporation (26, 26A, 26B, 26C, 26D) selon I'une quelconque des revendications précé-
dentes, caractérisé en outre en ce que les grands axes des tubes (10) sont généralement paralléles a I'axe
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longitudinal (42, 42A, 42B, 42C, 42D) du plénum (40, 40A, 40B, 40C, 40D), ou
caractérisé en outre en ce que les grands axes des tubes (10) sont inclinés par rapport a I'axe longitudinal (42,
42A, 42B, 42C, 42D) du plénum (40, 40A, 40B, 40C, 40D).

Echangeur thermique a évaporation (26, 26A, 26B, 26C, 26D) selon la revendication 11, caractérisé en outre en
ce que les grands axes des tubes (10) de tubes adjacents sur différents niveaux verticaux (L2A, L2B) sont inclinés
dans des directions opposées les uns par rapport aux autres et par rapport a I'axe longitudinal (42, 42A, 42B, 42C,
42D) du plénum (40, 40A, 40B, 40C, 40D).

Echangeur thermique a évaporation (26, 26A, 26B, 26C, 26D) selon la revendication 12, caractérisé en outre en
ce que I'angle des grands axes des tubes (10) sur un premier niveau (L1B) généralement horizontal est supérieur
a 0° jusqu’a environ 25° par rapport a I'axe longitudinal (42, 42A, 42B, 42C, 42D) du plénum (40, 40A, 40B, 40C,
40D) et I'angle des grands axes des tubes sur le prochain niveau (L2B) généralement horizontal verticalement
adjacent est d’environ 335° jusqu’a moins de 360° par rapport a I'axe longitudinal (42, 42A, 42B, 42C, 42D) du
plénum (40, 40A, 40B, 40C, 40D), ou

caractérisé en outre en ce que I'angle des grands axes des tubes (10) sur un premier niveau (L1B) généralement
horizontal est d’environ 20° par rapport a I'axe longitudinal (42, 42A, 42B, 42C, 42D) du plénum (40, 40A, 40B, 40C,
40D) et I'angle des grands axes des tubes sur le prochain niveau (L2B) généralement horizontal verticalement
adjacent est d’environ 340° par rapport a I'axe longitudinal du plénum.

Echangeur thermique a évaporation (26, 26A, 26B, 26C, 26D) selon I'une quelconque des revendications précé-
dentes, caractérisé en outre en ce que les ailettes (20) ont des ondulations a l'intérieur et en dehors d’un plan de
matériau utilisé pour réaliser les ailettes.

Echangeur thermique a évaporation (26, 26A, 26B, 26C, 26D) selon I'une quelconque des revendications précé-
dentes, caractérisé en outre en ce que les tubes a ailettes (10) sont galvanisés de sorte que les ailettes (20) aprés
galvanisation sont plus épaisses au niveau d’une base proximale de la surface extérieure du tube qu’au niveau
d’'une pointe des ailettes distale de la surface extérieure du tube.

Echangeur thermique a évaporation (26, 26A, 26B, 26C, 26D) selon la revendication 1 ou 2, caractérisé en outre
en ce que les tubes (10) sont des tubes en serpentin (10) ayant une pluralité de segments (12, 12A, 12B) et une
pluralité de coudes en U (14, 14A, 14B), les coudes en U étant orientés dans des plans généralement verticaux,
les segments de chaque tube reliant les coudes en U de chaque tube et s’étendant entre les coudes en U dans une
direction généralement horizontale, les segments ayant un axe longitudinal (13) et une forme de section transversale
généralement elliptique ayant un grand axe avec une longueur et un petit axe avec une longueur, la moyenne de
la longueur du grand axe et de la longueur du petit axe étant un diamétre extérieur nominal de tube, les segments
étant agencés dans I'ensemble serpentin (24, 24A, 24B, 24C, 24D) de sorte que les segments des tubes adjacents
sont espaceés les uns des autres de maniere généralement verticale a l'intérieur de plans généralement paralléles
au plan majeur (25), les segments de tubes adjacents dans les plans généralement paralléles au plan majeur étant
décalés et espacés les uns par rapport aux autres de maniere généralement verticale (Dv) pour former une pluralité
de niveaux décalés généralement horizontaux (L1A, L1B ; L2A, L2B) dans lesquels un segment sur deux est aligné
dans le méme niveau généralement horizontal généralement paralléle au plan majeur, etles segments étantespacés
(Dp) les uns des autres de maniére généralement horizontale et généralement perpendiculaire a I'axe longitudinal
(13) du segment relié au coude en U,

caractérisé en ce que les segments (12, 12A, 12B) ont des ailettes externes (20) formées sur une surface extérieure
des tubes (10), les ailettes ayant un espacement de sensiblement 1,5 a sensiblement 3,5 ailettes par pouce (2,54
cm) suivant I'axe longitudinal (13) des segments, les ailettes ayant une hauteur s’étendant a partir de la surface
extérieure des segments sur une distance de sensiblement 23,8% a sensiblement 36% du diameétre extérieur nominal
de tube, les ailettes ayant une épaisseur de sensiblement 0,007 pouce (0,018 cm) a sensiblement 0,020 pouce
(0,051 cm), les segments ont un espacement de centre a centre (D) généralement horizontal et généralement
perpendiculaire a 'axe longitudinal des segments de sensiblement 100% a sensiblement 131% du diamétre extérieur
nominal de tube, et les segments horizontalement adjacents ont un espacement de centre a centre généralement
vertical (D,) de sensiblement 110% & sensiblement 300% du diamétre extérieur nominal de tube.

Echangeur thermique a évaporation (26, 26A, 26B, 26C, 26D) selon la revendication 16, caractérisé en outre en
ce que les ailettes (20) ont un espacement de sensiblement 2,75 a sensiblement 3,25 ailettes par pouce (2,54 cm)
suivant I'axe longitudinal (13) des segments (12, 12A, 12B), les ailettes ont une hauteur de sensiblement 28% a
sensiblement 33% du diameétre extérieur nominal de tube, les ailettes ont une épaisseur de sensiblement 0,009
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pouce (0,023 cm) a sensiblement 0,015 pouce (0,038 cm), les segments ont un espacement de centre a centre
(Dn) généralement horizontal et généralement perpendiculaire a I'axe longitudinal des segments de sensiblement
106% a sensiblement 118% du diametre extérieur nominal de tube, et les segments horizontalement adjacents ont
un espacement de centre a centre généralement vertical (Dy/) de sensiblement 150% a sensiblement 205% du
diamétre extérieur nominal de tube, ou

caractérisé en outre en ce que les ailettes (20) ont un espacement de sensiblement 3 ailettes par pouce (2,54
cm) suivant I'axe longitudinal (13) des segments (12, 12A, 12B), les ailettes ont une hauteur de sensiblement 29,76%
du diametre extérieur nominal de tube, les ailettes ont une épaisseur de sensiblement 0,01 pouce (0,025 cm) a
sensiblement 0,013 pouce (0,033 cm), les segments ont un espacement de centre a centre (Dy) généralement
horizontal et généralement perpendiculaire a I'axe longitudinal des segments de sensiblement 112% du diametre
extérieur nominal de tube, et les segments horizontalement adjacents ont un espacement de centre a centre gé-
néralement vertical (Dv) de sensiblement 179% du diamétre extérieur nominal de tube.

Echangeur thermique a évaporation (26, 26A, 26B, 26C, 26D) selon la revendication 16, caractérisé en outre en
ce que les coudes en U (14, 14A, 14B) ont une section transversale circulaire avec un diametre extérieur de
sensiblement 1,05 pouces (2,67 cm) et en ce que le diamétre extérieur nominal de tube est sensiblement de 1,05
pouces (2,67 cm), ou

caractérisé en outre en ce que les coudes en U (14, 14A, 14B) ont une section transversale généralement elliptique
et en ce que le diamétre extérieur nominal de tube est sensiblement de 1,05 pouces (2,67 cm), ou

caractérisé en outre en ce que les grands axes (13) des segments (12, 12A, 12B) sont généralement paralléles
au plan des coudes en U (14, 14A, 14B), ou

caractérisé en outre en ce que les grands axes des segments (12B) sont inclinés par rapport au plan des coudes
en U (14, 14A, 14B).

Echangeur thermique a évaporation (26, 26A, 26B, 26C, 26D) selon la revendication 18, dans lequel les grands
axes des segments (12B) sont inclinés par rapport au plan des coudes en U (14, 14A, 14B), caractérisé en outre
en ce que les grands axes des segments (12B) de tubes adjacents (10) sur différents niveaux verticaux (L1B, L2B)
sont inclinés dans des directions opposées les uns par rapport aux autres et par rapport au plan des coudes en U
(14, 14A, 14B).

Echangeur thermique a évaporation (26, 26A, 26B, 26C, 26D) selon la revendication 19, caractérisé en outre en
ce que l'angle des grands axes des segments (12B) sur un premier niveau généralement horizontal (L1B) est
supérieur a 0° jusqu’a environ 25° par rapport au plan des coudes en U (14, 14A, 14B) et en ce que I'angle des
grands axes des segments sur le prochain niveau généralement horizontal verticalement adjacent (L2B) estd’environ
335° jusqu’a moins de 360° par rapport au plan des coudes en U, ou

caractérisé en outre en ce que I'angle des grands axes des segments (12B) sur un premier niveau généralement
horizontal (L1B) est d’environ 20° par rapport au plan des coudes en U (14, 14A, 14B) et en ce que 'angle des
grands axes des segments sur le prochain niveau généralement horizontal verticalement adjacent (L2B) estd’environ
340° par rapport au plan des coudes en U.

Echangeur thermique a évaporation (26, 26A, 26B, 26C, 26D) selon la revendication 20, caractérisé en outre en
ce que les ailettes (20) ont un espacement de sensiblement 2,75 a sensiblement 3,25 ailettes par pouce (2,54 cm)
suivant I'axe longitudinal (13) des segments (12, 12A, 12B), les ailettes ont une hauteur de sensiblement 28% a
sensiblement 33% du diameétre extérieur nominal de tube, les ailettes ont une épaisseur de sensiblement 0,009
pouce (0,023 cm) a sensiblement 0,015 pouce (0,038 cm), les segments ont un espacement de centre a centre
(Dn) généralement horizontal et généralement perpendiculaire a I'axe longitudinal des segments de sensiblement
106% a sensiblement 118% du diametre extérieur nominal de tube, et les segments horizontalement adjacents ont
un espacement de centre a centre généralement vertical (D,) de sensiblement 150% & sensiblement 205% du
diamétre extérieur nominal de tube, ou

caractérisé en outre en ce que les ailettes (20) ont un espacement de sensiblement 3 ailettes par pouce (2,54
cm) suivant I'axe longitudinal (13) des segments (12, 12A, 12B), les ailettes ont une hauteur de sensiblement 29,76%
du diametre extérieur nominal de tube, les ailettes ont une épaisseur de sensiblement 0,01 pouce (0,025 cm) a
sensiblement 0,013 pouce (0,033 cm), les segments ont un espacement de centre & centre (D) généralement
horizontal et généralement perpendiculaire a I'axe longitudinal des segments de sensiblement 112% du diametre
extérieur nominal de tube, et les segments ont un espacement de centre a centre généralement vertical (Dv) de
sensiblement 179% du diametre extérieur nominal de tube.
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