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(57) Abstract: A cassette for use in cassette-type heat exchanger
has an inlet and an outlet, and include an upper plate and a low-
er plate. The upper and lower plates are sealed together around
an edge area of the cassette, thereby forming a flow path within
the cassette between the inlet and outlet. The plates are formed
with a stamped pattern that increases the surface area of the plates
as compared to a flat plate surface. The pattern includes a series
of weld points whereby the upper and lower plate are welded or
bonded together at a point location.
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INDIRECT HEAT EXCHANGER

TECHNICAL FIELD

[0001] This application relates generally to indirect heat exchangers, such as closed
circuit fluid coolers, fluid heaters, condensers, evaporators, thermal storage systems, air
coolers, air heaters, and the like. More specifically, this application relates to cassette-type

indirect evaporative heat exchangers.

BACKGROUND

[0002] An indirect evaporative heat exchanger is made of one or more bundles of
individual cassettes stacked and connected together. Each cassette is made of two
generally flat, plates formed from a thin wall of conductive material (e.g., copper,
aluminum, steel, etc.), and the perimeter of the plates are sealed together so that internal
fluid can flow through the cassette between an inlet and outlet without leaking through
the outer edges. On the outside of the cassette, an external fluid (e.g., air, water, or
combinations thereof) fluid flow over the surface of the cassette. Via this process, heat is
indirectly transferred from the higher temperature fluid to the lower temperature fluid
through the cassette plates.

[0003] From a heat transfer perspective, it is more efficient for cassettes to use
plates having relatively thin walls, as thinner material will have a higher heat transfer
rate than a thicker wall. However, from a structural perspective, thicker walls provide
greater structural stability over thin walls, which can be important in situations where
cassettes are subjected to relatively high levels of internal pressure.

[0004] To realize the heat transfer benefits of a thin walled cassette while avoiding
the associated structural problems, cassettes may be welded together via welding lines at
spots between the plates. These welding lines help hold the plates together and allow the

cassette to withstand high internal pressure, but again they diminish the heat transfer
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capabilities because the length of the lines tend to restrict the flow rate of fluid through
the cassette. Moreover, these weld lines tend not to mix the external fluid over the surface
area of the cassette as well as the un-welded portions, thereby further inhibiting heat

transfer performance.

SUMMARY

[0005] This application describes cassettes for use in cassette-type heat exchangers.
The cassettes have an inlet and an outlet, and include an upper plate and a lower plate.
The upper and lower plates are sealed together around an edge area (i.e., at least a portion
of the periphery that does not include the inlet and outlet) of the cassette, thereby forming
a flow path within the cassette between the inlet and outlet. The plates are formed with a
stamped pattern that increases the surface area of the plates as compared to a flat plate
surface. The pattern includes a series of weld points whereby the upper and lower plate
are welded or bonded together at a point location.

[0006] The stamping pattern in the plates forming this configuration can result in:
(1) an increase the internal and external heat transfer rate; (2) a reduced pressure drop for
increased air flow rate; (3) the formation of an integrated header at a lower manufacturing

cost, and (4) an improved structural rigidity that resists internal hydraulic pressure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] Figure 1is a front view of a heat exchanger in a cooling tower in accordance
with examples described in this application.
[0008] Figure 2 is a front view of another heat exchanger in a cooling tower in
accordance with examples described herein.
[0009] Figure 3A is an isometric view of a cassette for use in a heat exchanger in

accordance with examples described herein.
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[0010] Figure 3B is an cutaway isometric view of the cassette of Figure 3A.

[0011] Figure 3C is a cross-sectional view of the cassette of Figure 3A taken along
line A-A.

[0012] Figure 4A is a front view of cassette bundle for use in a heat exchanger in

accordance with examples described herein.

[0013] Figure 4B is a side view of the cassette bundle of Figure 4A.

[0014] Figure 4C is a side view of a variation the cassette bundle of FIGS. 4A and
4B.

[0015] Figure 4D is a top view of a plurality of cassettes used to form a cassette

bundle in accordance with examples described herein.

[0016] Figure 4E is a top view of another plurality of cassettes used to form a
cassette bundle in accordance with examples described herein.

[0017] Figure 5A is a front view of another cassette bundle in accordance with
examples described herein.

[0018] Figure 5B is a top view of the cassette bundle of Figure 5A.

[0019] Figure 6A is a front view of a cassette plate used to form a cassette in
accordance with examples described herein.

[0020] FIGS. 6B through 6H are cross sectional side views and alternate cross
sectional side views of the cassette plate of Figure 6A taken at different locations.

[0021] Figure 7A is an isometric view of a cassette having a cassette plate pattern
in accordance with examples described herein.

[0022] Figures 7B and 7C are side views of cassette bundles having the cassette

plate pattern of the cassette of Figure 7A.

DETAILED DESCRIPTION

[0023] This application describes an indirect heat exchanger comprising a bundle

of stacked cassettes. Individual cassettes include a pair of conductive plates sealed
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around a periphery and forming an inlet and outlet that allows internal fluid to pass
through. The plates of the cassette are formed (e.g. stamped) to have a three-dimensional
surface pattern that improves the rate of internal fluid heat transfer rate without
significantly increasing the pressure drop within the cassette. In some examples, the
stamped pattern takes the form of two intersecting sinusoidal wave patterns. That is, the
pattern may take the form of a first sinusoidal wave pattern travelling in a first direction
across the cassette plate surface, and a second separate sinusoidal wave pattern travelling
in a second direction, different from the first direction, across the cassette plate surface.
It should be noted that throughout this application, the term “sinusoidal” refers to any
wave-like oscillating pattern. The term “sinusoidal” refers to patterns that include
multiple separate crests and troughs in a given oscillation, and is not intended to refer to
patterns that are necessarily capable of being plotted according to a “sine” based
mathematical equation. The sinusoidal patterns are generally sloping in that they have
generally smooth and rounded or curved patterns without sharp angles or vertices.
[0024] The patterns applied to the described cassettes help improve the external
sensible and evaporative heat transfer rate without significantly increasing the pressure
drop. Further, the pattern also helps to add structural stability of the cassette and to resist
deformation that can be caused by high internal pressure without increasing the
thickness (and thereby reducing the heat transfer efficiency) of the cassette plates. The
surface pattern is adaptable so that it can accommodate various sizes, shapes and forms
of cassettes, fluid inlets, and outlets. Various examples of surface patterns that embody
these improvements are described herein and shown in the Figures. The described
cassettes can be formed together to form cassette bundles, which can be used in a heat
exchanger device.

[0025] The cassette surface patterns can serve multiple purposes. For example, the
pattern can facilitate mixing and acceleration of the internal fluid, thereby improving the

convective heat transfer coefficient of the cassette. Further, the pattern can be used to
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increase the heat transfer surface area from a generally flat surface for a larger amount of
heat transfer. In addition, the pattern can help control the mixing of the external fluid to
increase both convective and evaporative heat transfer rates. Accordingly, the surface
patterns can result in a combination of significant improvement in the heat transfer rate
over a similar type of cassette type heat exchanger that has generally smooth and flat
surface area and a significant reduction in cost because a much thinner material could be
used than typical stand alone cassette type heat exchangers without surface patterns.
[0026] As noted, a cassette for a heat exchanger is formed from two plates, an
upper plate and a lower plate, sealed together to form an enclosed flow path between a
cassette inlet, which allows fluid to enter the cassette, and an outlet, through which fluid
is discharged from the cassette. Both the upper plate and the lower plate are stamped or
otherwise impressed with surface patterns. The surface patterns are generally similar, or
even identical, such that they form a generally uniform thickness gap between the upper
plate and the lower plate. The areas near the outer edges of both plates are tapered so
that the outer edges of the plates form a contact surface that allows the two plates to be
bonded, welded, or otherwise sealed together. The plate edges could be also sealed by
brazing or sealed by using gaskets, hems, seams, or other sealing methods.

[0027] Typically, the center portions (i.e., the portions significantly removed from
the edges) of the upper and lower plates are generally flat. This, of course, refers to the
mean center-plane of the plate and not the surface of the plate, which, because of the
stamped surface pattern, is necessarily not flat). However, in some examples, the plates
could take on a generally curved (e.g., convex) shape, thereby forming a pillow-shaped
cassette.

[0028] In one example, the surface pattern of the plates includes two different-
sized, generally sinusoidal surface shapes that cross each other. When viewed from a
diagonal direction to the generally internal fluid flow direction, the pattern would have

a small repeating, generally sinusoidal cross sectional area with minor valleys and minor
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ridges. The generally sinusoidal shape could consist of all curved surfaces, a combination
of curved and flat surfaces, or all flat surfaces. When viewed from a diagonal direction to
the external fluid flow direction, which could generally be in either perpendicular or
parallel to the internal fluid flow direction, the pattern would have a large repeating,
generally sinusoidal cross sectional area with major valleys and major ridges. Such an
example pattern is shown in the embodiments depicted in Figures 3A and 3B.

[0029] The spacing or gap between the upper plate and the lower plate is designed
to be large enough for both internal fluid and some small particles to flow through and
to keep internal side fluid pressure drop within reasonable design limits while being
small enough to keep the internal fluid velocity high and therefore the internal heat
transfer coefficients high. The gap between cassettes in a cassette bundle is selected such
that a light density fluid with large volumetric flow rate such as air could be used as an
external fluid allowing for reasonable external pressure drops.

[0030] The pattern also includes dimples, or flat areas where both plates contact
one another for spot welds or other forms of joining (including brazing, fastening,
riveting, adhering, gluing or the like) may be distributed throughout both the upper plate
and the lower plate. The spot welds may be distributed evenly or in a geometric pattern.
The spot welds inhibit the upper plate and the lower plate from separating as a result of
internal fluid pressure or other forces. The spot welds may be formed from a plurality of
ridges or valleys so that the pull force by the plates due to the internal pressure is applied
evenly to the spot welds.

[0031] Each cassette has at least one internal fluid inlet and at least one internal
fluid outlet. The internal fluid inlet and internal fluid outlet connections can, in some
examples, be stamped directly into the plate or into a cassette, which can help reduce
manufacturing costs, but in other examples, tubes or pipes could be added as separate

inlet or outlet.

Docket No. BAC208



WO 2019/136262 PCT/US2019/012366

[0032] As noted, the patterns on the plates of the cassettes generally take on a
sinusoidal pattern incorporating “waves” or deformations in the plate material that result
in a bumpy or textured surface pattern. This pattern can serve a variety of purposes,
thereby providing a variety of benefits over other cassettes that do not use plates having
such patterns. The following describes in more detail how this generally multi-directional
sinusoidal pattern design serves multiple purposes. For instance, the pattern can facilitate
the mixing of the internal fluid within the cassette because one sinusoidal pattern (e.g., a
wider, or “lower frequency” wave pattern) produces a more strenuous flow path than a
cassette without such a pattern. This helps provide a more uniform temperature profile
across the internal fluid. Specifically, it helps distribute an even temperature profile
across the cross sectional area perpendicular to the internal fluid traveling direction as
compared to that of an unmixed internal fluid. Having more uniform internal
temperature profile increases the temperature difference between the internal fluid near
the plates and plates themselves, and the larger temperature difference increases heat
transfer rates. Outside the cassette, the same wider wave pattern also better mixes the fan
drawn cooling air between the cassettes by channeling the air in crisscross directions.
Moreover, a second sinusoidal pattern that has smaller waves (e.g., a tighter or “higher
frequency” wave pattern) can serve to better distribute the flow of the exterior fluid (e.g.
spray water coming down from spray nozzle), thereby enhancing heat transfer between
the cassettes and thee exterior fluid. The same smaller wave pattern also is used to “trip”
the fan drawn cooling air at the cassette surface to increase turbulence and therefore
improve the heat transfer rate.

[0033] Another benefit of the generally sinusoidal shape of the pattern is that it
provides a larger heat transfer surface area for a given area compared to a generally
smooth, flat stand alone cassette design. That is, the wavy pattern texture requires more
material surface area than a simple flat surface, thereby allowing more area for heat

transfer to take place.
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[0034] Further, in some embodiments, the pattern can take on a generally
sinusoidal shape in the direction that is generally parallel with the internal fluid flow and
the direction that is generally perpendicular to the external fluid flow. This configuration
helps resist the buildup of internal pressure inside the cassette, which can induce
ballooning or expanding of the surface between the weld spots. This is because the
generally sinusoidal shape functions as a cold worked structural member, thereby
increasing the structural integrity or rigidity of the cassette walls and making them less
likely to deform as compared to un-patterned walls. For instance, a thin plate with
nominal thickness of 0.03 inch can withstand the internal pressure up to several hundred
pounds per square inch without a significant deformation of the surface shape.

[0035] The patterned cassettes also provide a way to improve the mixing of the
external fluid. For instance, when two cassettes are stacked together with an external fluid
gap between the two cassettes, the sinusoidal pattern results in a plurality of valleys in
the direction generally diagonal to the external fluid flow direction, which valleys serve
as air paths that mix the external fluid, thereby resulting in a higher heat transfer rate. It
should be understood that within an external fluid gap between the two cassettes, the
direction of a plurality of valleys in one of the cassettes in the gap could be either in the
same direction as or in the crisscross direction to another cassette’s valley. An example of
such a configuration is shown in Figure 5B.

[0036] Additionally, patterns that include small repeating shapes that are
generally sinusoidal in the direction of internal fluid flow helps to mix the external fluid
near the surface. And because the internal fluid gap between the plates has narrow cross
sectional area in the direction of external fluid flow, the external fluid can flow easily
without a significant external side pressure drop.

[0037] The enclosed drawings show various examples of heat exchangers and
cassettes that utilize the generally sinusoidal plate patterns discussed above. Figure 1 is

a front view of a heat exchanger having an indirect heat exchange section 10 and is shown
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inside of a closed circuit cooling tower 3. A direct heat exchange section 4 (an optional
component) is located beneath the indirect heat exchanger 10 and may comprise fill
sheets of polyvinyl chloride. Direct heat exchange section 4 receives air through air inlet
6 near the bottom of closed circuit cooling tower 3 with air being drawn generally
upwardly through direct heat exchange section 4 by fan 5 rotated by motor 6.

[0038] Indirect heat exchange section 10 includes an internal fluid inlet 11 and
internal fluid outlet 12 and is positioned above direct heat exchange section 4. It should
be understood that the internal fluid inlet 11 and internal fluid outlet 12 can be reversed
if desired and direct section 4 could be placed on top of indirect heat exchanger 10 if
desired.

[0039] An evaporative fluid (e.g., water), flows downwardly from water
distribution assembly 9 such that the evaporative fluid falls downwardly onto and
through indirect heat exchange section 10 and then direct heat exchange section 4. While
falling downwardly and through both indirect heat exchange section 10 and direct heat
exchange section 4, a small portion of evaporative fluid is evaporated by moving air and
latent heat transfer takes place from the evaporative fluid to air. It should be noted that
in some applications, condensation takes place from air into the evaporative fluid.

[0040] The evaporative fluid that passes downwardly and through both indirect
heat exchange section 10 and direct heat exchange section 4 is collected in sump 7 and is
pumped by pump 5 to water distribution assembly 9. Water distribution assembly 9 can
be comprised of a variety of pipes with openings, orifices, or spray nozzles or can be of
other water distribution assemblies as known in the art.

[0041] In Figure 1, indirect heat exchange section 10 is comprised of a plurality of
cassette type heat exchanger 15. A fluid to be cooled, condensed, heated, or evaporated
passes within the cassette type heat exchanger 15. A plurality of external gaps among

cassette type heat exchangers 15 allows evaporative fluid, usually water, to flow
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downwardly from water distribution assembly 9 and moving air to flow through the
cassettes.

[0042] While falling downwardly and through both indirect heat exchange section
10 and direct heat exchange section 4, a small portion of evaporative fluid is evaporated
by moving air and latent heat transfer takes place from the evaporative cooling tower
liquid to air. It should be noted that in some applications, condensation takes place from
air into cooling tower liquid.

[0043] Each cassette type heat exchanger 15 has surface pattern 16 which improves
both sensible and latent heat transfer efficiencies when placed in a closed circuit cooling
tower 3.

[0044] It should be noted that indirect heat exchange section 10 can be operated
inside a closed circuit cooling tower 3 without direct heat exchange section 4. It is further
noted that when ambient air becomes cold enough, indirect heat exchange section 10 can
be operated without evaporative fluid in the sensible heat transfer or dry mode. Surface
pattern 16 adds surface area and significantly improves the sensible cooling characteristic
of indirect heat exchange section 10 over a typical non-patterned smooth plate heat
exchanger or a typical tube type heat exchanger.

[0045] Figure 2 is a front view of another heat exchanger 22 with an indirect heat
exchange section 20, and is shown located in sump 29 submerged below the evaporative
fluid level in a closed circuit cooling tower 21.

[0046] Direct heat exchange section 24 may comprise fill, which may comprise of
sheets of polyvinyl chloride. Direct heat exchange section 24 receives air through air inlet
26 near the bottom of closed circuit cooling tower 21, with air being drawn generally
upwardly through direct heat exchange section 24 by fan 27 rotated by motor 28.

[0047] Indirect heat exchange section 20 has an internal fluid inlet 33 and internal
fluid outlet 34. It should be understood that the operation of internal fluid inlet 33 and

internal fluid outlet 34 can be reversed if it is desired.

10
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[0048] Evaporative fluid flows downwardly from water distribution assembly 30
such that the evaporative fluid falls downwardly onto and through direct heat exchange
section 24. While falling downwardly and through direct heat exchange section 4, a small
portion of evaporative fluid is evaporated by moving air and latent heat transfer takes
place from the evaporative fluid to air. It should be noted that in some applications,
condensation takes place from air into the evaporative fluid

[0049] The evaporative liquid that passes downwardly and through direct heat
exchange section 24 passes over cassette heat exchangers 20 then is collected in sump 29
and is pumped by pump 31 to water distribution assembly 30. Water distribution
assembly 30 can be comprised of a variety of pipes with openings, orifices, or spray
nozzles or can be of other water distribution assemblies as known in the art.

[0050] In Figure 2, indirect heat exchange section 20 is comprised of a plurality of
cassette type heat exchangers 25. Fluid to be cooled, condensed, heated, or evaporated
passes within the cassette type heat exchangers 25. A plurality of external gaps between
cassette type heat exchangers 25 allows evaporative fluid, usually water, in sump 29 to
flow generally both downwardly and laterally across indirect heat exchange section 20,
and indirect sensible heat transfer takes place between the fluid to be cooled, condensed,
heated, or evaporated passes within the cassette type heat exchanger 25 and evaporative
fluid.

[0051] Each cassette type heat exchanger 25 has surface pattern 32 which increases
the surface area and improves heat transfer efficiencies when placed in a closed circuit
cooling tower 21.

[0052] Depending on internal pressure drop requirement, size requirement, air
pressure drop requirement, and heat transfer rate demands, the overall size of cassette
type heat exchanger 25 could vary significantly. Also, the locations of internal fluid inlet

33 and internal fluid outlet 34 could change. The flow pathway inside cassette type heat
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exchanger 25 could be generally straight as shown in Figure 2 or could have a serpentine
shape as shown in Figure 1.

[0053] Figures 3A, 3B, and 3C show an indirect heat exchanger 40 in the form of a
cassette 41. Figure 3B shows a cutaway view of cassette 41. Cassette 41 is comprised of
upper plate 45, lower plate 46, internal fluid inlet 42 and internal fluid outlet 43. Cassette
41 has internal fluid inlet 42 and internal fluid outlet 43. It should be understood that for
each cassette 41 there could be more than one internal fluid inlet 42 and more than one
internal fluid outlet 43. Figure 3C is a cross-sectional view of the cassette 41 taken along
line A-A to help demonstrate the dual sinusoidal wave pattern of the cassette.

[0054] Upper plate 45 and lower plate 46 are thin, stamped metal plates that when
assembled together form gap 47 between two plates generally in the middle and touch
each other at perimeter 48 and at a plurality of dimples 44. The contact areas of both
perimeter 48 and dimples 44 are used to weld two plates together to form cassette 41 and
make water tight seals around cassette 41. It should be understood that both upper plate
45 and lower plate 46 could also be made out of either thermoformed or injected plastic.
It should be further understood that both upper plate 45 and lower plate 46 can also be
glued, brazed, riveted, bolted, stapled, or fastened together or be assembled and sealed
in any other method known in the art.

[0055] Inside cassette 41 is surface pattern 49 that covers most of surface of cassette
41. Between perimeter 48 and pattern 49 is transition zone 58 that gradually transitions
from generally sinusoidal pattern 49 into generally straight line or flat surface of
perimeter 48. Cassette 41 has a plurality of valleys 50 for external fluid, such as air, water,
or air and water, to travel when the external fluid travels generally in the direction from
edge 51 to edge 52. By coaxing external fluid to travel in a direction that is somewhat
diagonal to the general flow direction from edge 51 to edge 52, a plurality of major valley

50 contributes to mixing of the external fluid and improves both the sensible and

12
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evaporative heat transfer rates from plate surface 49 to the external fluid. A plurality of
major valleys 50 is generally aligned in the direction of major valley direction 53.

[0056] It should be understood that external fluid can also travel in the direction
either from fluid inlet 42 to fluid outlet 43 or from fluid outlet 43 to fluid inlet 42 and a
plurality of major valleys 50 can still contribute to mixing of external fluid and increase
the heat transfer rate of cassette 41.

[0057] A plurality of dimples 44 are located near a plurality of major ridges 55 of
upper plate 45 and is generally evenly spaced out throughout upper plate 45. A plurality
of apexes 56 between a plurality of dimples 44 is generally in the direction of minor ridge
direction 57, which is discussed more in later sections.

[0058] Figure 4A is a front view of cassette bundle 60, including a plurality of
cassettes bundled together, including cassette 61. Cassette 61 is made of two patterned
plates put together to form an internal fluid passageway between two plates. As internal
fluid flows inside the passageway between the top and bottom plates, a temperature
difference between the internal fluid and outer fluid of cassette 61 causes heat transfer to
take place through the thickness of the patterned plates.

[0059] Cassette 61 has internal fluid inlet 63 and internal fluid outlet 64. It should
be understood that the internal fluid inlet 63 and internal fluid outlet 64 can be reversed
if desired. All perimeter edges of cassette 61 are watertight and typically are welded. It
should be understood that the perimeter edges could also be glued, brazed, sealed using
gaskets or O-rings, or any other method known in the art.

[0060] Seam weld 65 is used to control the internal fluid flow direction. Seam weld
65 effectively increases the distance internal fluid needs to travel from internal fluid inlet
63 and internal fluid outlet 64 and increases the fluid flow velocity for a given flow rate
and thereby increasing the convection heat transfer coefficient. There may be more than
one seam weld 65 alternating sides to create a more tortuous path and is not a limitation

of the invention.
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[0061] The major valley direction line 66 A represents the direction that is generally
parallel with the lines that pass through major valley locations across waves of the pattern
that travels generally upward (relative to the Figure). At the seam weld 65, the line
direction changes as indicated by direction line 66B, which represents the major valley
direction line on the upper portion of the cassette. The minor ridge direction lines 68A
and 68B represent the lines that are generally parallel with the lines that pass through
minor ridges of waves that travels generally horizontally (relative to Figure 4A). While
Figure 4A shows one example of directional lines, it should be understood that the lines
could be reversed to major valley direction 66B within cassette 61 to increase mixing of
air that is both flowing over the outside surface of cassette 61 and navigating in the
plurality of major valleys 67.

[0062] A typical location of one of the apexes 56 shown in Figure 3B is shown in
Figure 4A as apex 69. A plurality of apexes 69 is located halfway between a pair of
dimples 70. The line of apexes 69 is generally aligned in minor ridge direction 68A. As
major valley direction 66A changes to 66B at the seam weld 65, minor ridge direction 68A
can change to 68B within a cassette. It should be understood that within cassette 61, there
could be multiple sections of pattern 71 and therefore multiple direction changes and
multiple angles of minor ridge direction 68A and 68B and major valley direction 66A and
66B.

[0063] In some examples, the angle between a vertical line and major valley
direction 66B is from about 15° to about 45°. This angle depends on the size requirement
and pressure drop requirement. In general larger cassettes and lower pressure
requirements prefer a smaller angle. Itis also preferred that an angle between minor ridge
direction 68B and a horizontal line is from about 0° to about 25°.

[0064] Minor ridge line 73 represents continuous highest points of minor ridges in
generally minor ridge direction 68A. Similarly, minor valley line 74 represents

continuous lowest points of minor valleys in generally minor ridge direction 68A. Note
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that both minor ridge line 73 and minor valley line 74 are not straight but are somewhat
sinusoidal in shape. More on minor ridge line 73 and minor valley line 74 is discussed
later.

[0065] Figure 4B, shows a side view of cassette 61. Cassette 61 is generally straight
when viewed from the side of cassette 61. Figure 4C shows a side view of a variation of
cassette 61, whereby the cassette 61 is generally curved when viewed from the side of
cassette 61.

[0066] Figure 4D is a top view of a cassette bundle 60 made of a plurality of
cassettes 61. When viewed from the top of the bundle 60, a plurality of cassettes 61 are
stacked together with a plurality of gaps 72 between cassettes 61. A generally sinusoidal
pattern on the cassettes 61 creates a plurality of major valleys 67 that coaxes the mixing
of air by causing some of the air to move somewhat sideways from the general direction
of air flow in gaps 72.

[0067] Figure 4E is a top view of a variation bundle 60A, which is a variation of
the embodiment of Figure 4D. When viewed from the top of heat exchanger 60A, a
plurality of cassettes 61A are shown stacked together with a plurality of gaps 72A
between cassettes 61A. A generally sinusoidal pattern on the curved cassette 61A creates
a plurality of major valleys 67A that coaxes the mixing of air by causing some of air to
move somewhat sideways from the general direction of air flow in gaps 72. Each of
cassettes 61A could be curved in different ways to meet various geometrical constraint
requirements that may imposed by a closed circuit cooling tower or any other structure
where cassettes 61A are located.

[0068] Figures 5A and 5B show another cassette bundle 80 that includes another
type of cassette 81. Cassette 81 is made of upper plate 94 and lower plate 95 welded
together to form an internal fluid passageway between the two plates. As internal fluid

flows inside the passageway, a temperature difference between the internal fluid and
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outer fluid of cassette 61 causes heat transfer to take place through the thickness of the
patterned plates.

[0069] Cassette 81 has a raised internal fluid inlet 83 and raised internal fluid outlet
84. It should be understood that internal fluid inlet 83 and internal fluid outlet 84 can be
reversed if it is desired. As shown in Figure 5B, fluid inlet 83 and fluid outlet 84 can be
welded to their adjacent fluid inlets and fluid outlets, respectively, so that these fluid
inlets and fluid outlet form inlet header 85 and outlet header 86. Inlet connection pipe 97
and outlet pipe 98 can be welded or attached to fluid inlet 83 and fluid outlet 84
respectively while blank off plates 99 are welded to the opposite ends to seal off the last
heat cassette in the bundle.

[0070] When multiple cassettes 81 are put together to make a bundle 87, every
other cassette 81 could be rotated so that its major valley direction 88 could be
crisscrossed with respect to major valley direction 88 of non-rotated cassette 81. Figure
5B shows a top view of major valley direction 88 and crisscrossed major valley direction
89. It should be understood that fluid inlet 83 and fluid outlet 84 could be located such
that every other cassette could be oriented by flipping or combination of flipping and
rotating to have every other cassette 81 to have major valley direction 88 crisscrossed with
respected to major valley direction 89 of non-oriented cassette 81.

[0071] A plurality of minor ridge line 90 and a plurality of minor valley line 91 are
shown in Figure 5A. Minor ridge lines 90 and minor valley lines 91 alternate due to
generally sinusoidal characteristics of pattern 92 that covers most part of cassette 81. Both
minor ridge lines 90 and minor valley line 91 are somewhat sinusoidal when viewed from
the front of cassette 81. Minor ridge direction 93 shows that general slope of both plurality
of minor ridge line 90 and plurality of minor valley line 90 has a downward angle that
ranges from about 0° to about 25°.

[0072] Figure 6A is a front view of a cassette plate 101 used to form a cassette 100

in accordance with examples described herein.
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[0073] Figure 6A is a front view of another heat exchanger device 100 in the form
of a cassette section 101. A plurality of minor ridge line 110 and a plurality of minor valley
line 111 are shown. Compared to fourth embodiment shown in Figure 5A, both minor
ridge line110 and minor valley line 111 are generally straight when viewed from the front
of cassette section 101.

[0074] Minor ridge direction 120 that shows the general downward slope of both
plurality of minor ridge line 110 and plurality of minor valley line 111 has a downward
angle that ranges from about 0° to about 25°. Transition zone 113 sits between generally
sinusoidal pattern 115 and generally straight perimeter top edge 114. It should be
understood that top edge 114 could also be generally curved.

[0075] A plurality of dimples 112 is spread out throughout pattern 115. A plurality
of dimples 112 are spots where upper plate 116 and lower plate 126 (not shown because
it is behind upper plate 116 in Figure 6A; Figure 5B shows similar upper plate 94 and
lower plate 95) could be welded together so that upper plate 116 and lower plate 126 that
form cassette 101 do not separate due to high internal pressure. A plurality of dimples
112 are spread generally evenly apart so that no one of a plurality of dimple 112 needs to
resist too much of internal pressure induced separating force.

[0076] Major valley line 117 represents the continuous lowest points along a
plurality of large valleys and major ridge line 118 represents the continuous highest
points along a plurality of large ridges. It should be understood that a plurality major
valley line 117 and a plurality of major ridge line 118 could also be curved or generally
sinusoidal.

[0077] Figure 6B and 6Cshow various cross-sectional areas of cassette section 101.
Specifically, Figures 6B and 6C show two different cross-sectional areas of major
sinusoidal pattern of pattern 115. Section A-A and Section B-B of cassette section 101
show a general shape and location of a plurality of major valley lines 117 and a plurality

of major ridge lines 118 with respect to each other.

17

Docket No. BAC208



WO 2019/136262 PCT/US2019/012366

[0078] Also, in Section A-A, the distance between upper plate 116 and lower plate
126 is generally uniform. Gap 140 created between upper plate 116 and lower plate 126
provides room for internal fluid to flow through. Gap140 is maintained throughout by
dimples 112 and as internal fluid weaves through gap 140, the internal fluid is both mixed
and accelerated, which results in a higher internal heat transfer coefficient. At a plurality
of dimples 112, upper plate 116 and lower plate 126 are welded together. It should be
understood that instead of welding, upper plate 116 and lower plate 126 could also be
bonded, glued, riveted, fastened together or attached together as known in the art. It
should also be understood that in cases where all the cassettes are compressed and held
together by thick end plates, a plurality of dimple 112 may be deleted, in which case
section B-B would look very similar to Section A-A.

[0079] Even though upper plate 116 and lower plate 126 can be made of very thin
plates, the plates can resist significant deformation from internal pressure. The generally
sinusoidal shape 119 between a pair of dimples 112 shown in Section B-B provides
strength to the plate, which can withstand high internal pressure better than had shape
119 been a generally straight line or gently curved between a pair of dimples 112. In such
a situation, the generally flat surface would be more likely to balloon out.

[0080] Figures 6D and 6E show an alternate configuration of the cassette plate
patterns taken along lines A-A and B-B. In this configuration, the general design of having
upper plate 116, lower plate 126, a plurality of generally evenly spaced dimples 112, and
a plurality of major ridge line 118 is maintained. The difference is that every other major
valley line 117 becomes super major ridge line 120.

[0081] Figures 6F through 6H show two different cross-sectional areas of major
sinusoidal pattern of pattern 115. Section C-C and Section D-D of cassette section 101
shows the locations of a plurality of minor valley lines 111 and a plurality of minor ridge

lines 110. Figure 6F shows one possible configuration taken along section C-C, and Figure
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6G shows an alternate configuration taken along the same location (marked as Section C-
C-2).

[0082] At a plurality of dimples 112, upper plate 116 and lower plate 126 are
welded together. It should be understood that instead of welding, upper plate 116 and
lower plate 126 could also be bonded, glued, riveted, fastened together or attached
together as known in the art. Even though upper plate 116 and lower plate 126 are made
of very thin plates, generally sinusoidal shape 131 between a pair of dimples 112 shown
in Section B-B resists a significant deformation of generally sinusoidal pattern 115 in the
presence of high internal pressure better than had shape 131 been a generally straight
line, which could have ballooned out.

[0083] In situations where the cassettes are very large or when the evaporative
cooling water is dirty and can easily clog, the configuration shown in Figure 6G (Section
C-C-2) may be preferred over the Figure 6F configuration. In this Section C-C-2
configuration, the general design of having upper plate 116, lower plate 126, and a
plurality of generally evenly spaced dimples 112 is maintained. The change is that every
other minor ridge line 110 becomes super minor valley line 130.

[0084] Figure 7A is an isometric view of a cassette 141 having a cassette plate
pattern 142. Cassette 141 is similar to cassette 41 shown in Figure 3A except that cassette
141 does not have a plurality of dimples 44 shown in Figure 3A. FIGS. 7B and 7C are side
views of cassette bundles having the cassette plate pattern of the cassette of Figure 7A.
[0085] In some examples, it may be useful for cassette patterns not to include a
plurality of dimples 44 shown in Figure 7A. For example, when the internal fluid pressure
is low enough that generally sinusoidal structural pattern 142 alone is sufficient to resist
the deformation of cassette 141. The second case is when a cassette or stacked cassettes
are constrained from ballooning out by two relatively thick end plates that are held
together by any arts available. In these cases, large gap 146 between two of abutting

19

Docket No. BAC208



WO 2019/136262 PCT/US2019/012366

cassette 141 could be maintained by a plurality of spacers 145 that are stamped into
structural pattern 142.

[0086] Also in these cases, if large gap 146 between cassettes is not needed as
shown in Figure 7C, a plurality of high points 150 and a plurality of low points 151 of
structural pattern 142 could function as spacers and provide a plurality of fluid path 152.
In order to prevent nesting of cassettes in a stack of cassettes, two different cassettes, e.g.,
cassette 141 and cassette 143, could be used. Another way to prevent nesting without
using cassette 143 is to rotate, flip, or rotate and flip every other cassette 141 within a stack
of cassette 141 so that structural patterns 142 of two abutting cassettes 141 do not align.
In this way, two different cassette designs would not be needed.

[0087] This application describes preferred embodiments and examples of heat
exchangers and associated cassettes, and should thus be interpreted to be illustrative and
not limiting. Those skilled in the art will recognize that the described examples could be
modified and/or combined with one another without departing from the scope described
herein. Further, features of one embodiment or example may be combined with features
of other embodiments or examples to provide still further embodiments or examples as
desired. All references that this application cites, discusses, identifies, or refers to are

hereby incorporated by reference in their entirety.
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CLAIMS
1. A cassette for a heat exchanger comprising;:
— an inlet;
- an outlet;

an upper plate; and
- a lower plate,

wherein the upper plate is welded to the lower plate around an edge are sealed
together around an edge area of the cassette to form a flow path within the cassette
between the inlet and the outlet, the flow path extending along a longitudinal axis of the
cassette, the longitudinal axis being perpendicular to a horizontal axis of the cassette,

wherein both the upper and lower plates are formed with at least one stamped
pattern that increases the surface area of the plate, and

wherein the at least one stamped pattern comprises a first sinusoidal wave pattern

and a second sinusoidal wave pattern intersecting the first sinusoidal wave pattern.

2. The cassette of claim 1, wherein the pattern includes a series of weld points

whereby the upper and lower plate are welded or bonded together.

3. The cassette of claim 1, wherein the first sinusoidal wave pattern comprises
a plurality of lines of wave apexes, wherein the lines of wave apexes extend at an angle
a relative to the horizontal axis of the cassette, wherein angle a is between about 0° and

about 25°.

4. The cassette of claim 3, wherein the second sinusoidal wave pattern
comprises a plurality of lines of major valleys, wherein the lines of major valleys extend
at an angle O relative to the longitudinal axis of the cassette, wherein the angle 0 is

between about 15° and about 45°.
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5. The cassette of claim 4, wherein the pattern includes a series of weld points
that weld the upper plate and lower plate together, wherein the weld points are

positioned between lines of wave apexes.

6. The cassette of claim 1, wherein the at least one stamped pattern comprises

at least two stamped patterns and a seam weld separating the stamped patterns.

7. The cassette of claim 1, wherein the inlet comprises a raised fluid inlet
portion that extends perpendicular to the upper and lower plates, and wherein the outlet
comprises a raised fluid outlet portion that extends perpendicular to the upper and lower

plates.

8. The cassette of claim 7, wherein the raised fluid inlet portion is configured
to connect with a raised fluid inlet portion of another cassette to form a fluid inlet header
of a cassette bundle, and wherein the raised fluid outlet portion is configured to connect
with a raised fluid outlet portion of another cassette to form a fluid outlet header of the

cassette bundle.

9. The cassette of claim 7, wherein the raised fluid inlet portion is configured
to connect with an inlet pipe, and wherein the raised fluid outlet portion is configured to

connect with an outlet pipe.

10. The cassette of claim 7, wherein at least one end of the raised fluid inlet
portion and at least one end of the raised fluid outlet portion is sealed with a blank off

plate.

11. A cassette bundle for a heat exchanger, the cassette bundle comprising:
- a plurality of cassettes bundled together, individual cassettes
comprising:

— an inlet;
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- an outlet;
- an upper plate; and
- a lower plate; and
wherein the upper plate of each of the individual cassettes is welded to the lower
plate around an edge are sealed together around an edge area of the cassette to form a
flow path within the cassette between the inlet and the outlet, the flow path extending
along a longitudinal axis of the cassette, the longitudinal axis being perpendicular to a
horizontal axis of the cassette, and
wherein both the upper and lower plates of each of the individual cassettes are
formed with at least one stamped pattern that increases the surface area of the plate, and
wherein the at least one stamped pattern comprises a first sinusoidal wave pattern

and a second sinusoidal wave pattern intersecting the first sinusoidal wave pattern.

12. The cassette bundle of claim 11, wherein the first sinusoidal wave pattern
comprises a plurality of lines of wave apexes, wherein the lines of wave apexes extend at
an angle a relative to the horizontal axis of the cassette, wherein angle a is between about

0° and about 25°.

13. The cassette bundle of claim 12, wherein the second sinusoidal wave
pattern comprises a plurality of lines of major valleys, wherein the lines of major valleys
extend at an angle 0 relative to the longitudinal axis of the cassette, wherein the angle 0

is between about 15° and about 45°.

14. The cassette bundle of claim 13, wherein the pattern includes a series of
weld points that weld the upper plate and lower plate together, wherein the weld points

are positioned between lines of wave apexes.
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15.  The cassette bundle of claim 11, wherein the at least one stamped pattern
comprises at least two stamped patterns and a seam weld separating the stamped

patterns.

16. The cassette bundle of claim 11, wherein the inlet of at least one individual
cassette comprises a raised fluid inlet that extends perpendicular to the upper and lower
plates, and wherein the outlet of at least one individual cassette comprises a raised fluid

outlet that extends perpendicular to the upper and lower plates.

17. The cassette bundle of claim 16, wherein the raised fluid inlet portion of at
least one individual cassette is connected to a raised fluid inlet portion of another
individual cassette to form a fluid inlet header of the cassette bundle, and wherein the
raised fluid outlet portion of at least one individual cassette is connected to a raised fluid
outlet portion of another individual cassette to form a fluid outlet header of the cassette

bundle.

18. The cassette bundle of claim 17, wherein the plurality of cassettes include
at least one inlet side cassette and outlet side cassette, wherein the raised fluid inlet
portion extending away from the cassette bundle on the inlet side cassette is connected
to an inlet pipe, and wherein the raised fluid outlet portion extending away from the

cassette bundle on the outlet side cassette is connected to an outlet pipe.

19. The cassette of claim 18, wherein the raised fluid outlet portion extending
away from the cassette bundle on the inlet side cassette is sealed with a blank off plate,
and wherein the raised fluid inlet portion extending away from the cassette bundle on

the outlet side cassette is sealed with a blank off plate.
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