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(54) THIN FILM SOLAR COLLECTOR (57) ABSTRACT
(76)  Inventor: lﬁcshard O. Rhodes, San Francisco, CA A solar collector is provided that is formed from relatively
Us) thin polymer sheet(s). The sheet(s) are welded together to
. integrally define a storage tank, a plurality of fluid flow
g%r‘r;;%or;s,?;sjégdfi; channel (e.g. risers), and other desired features within the
P.O. BOX 70250 collector. The storage tank is located at a first end of the
e ] panel and a heat exchanger is provided within the storage
OAKLAND, CA 94612-0250 (US) tank. The heat exchanger is arranged to transfer heat from
. the storage tank to a target fluid (such as water) that is to be
21) Appl. No.: 11/303,573
(1) Appl. No ’ heated or preheated by the collector. The collector is
(22) Filed: Dec. 16. 2005 arranged so that when it is installed, the collector may be
’ positioned with the storage tank located generally above the
Publication Classification fluid flow channels. The storage tank and the fluid flow
channels are arranged such that when the collector is
(51) Int. CL installed and filled with a working fluid, a thermosiphon
F24J 2/46 (2006.01) effect will cause the collection of hot water within the
(52) US. Cli oo 126/570 storage tank.
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THIN FILM SOLAR COLLECTOR

BACKGROUND OF THE INVENTION

[0001] The present invention relates generally to solar heat
collection panels. More particularly, the invention relates to
thin film solar collectors.

[0002] Solar heat collection panels have been used for a
number of years to heat or preheat water and/or other fluids
for a number of applications. Many collectors utilize a metal
collection plate having a number of metal riser tubes or tubes
with fins that extend between header pipes (often called
manifolds). Often, the collection plates are housed within an
insulated box with a transparent glazing placed over the
front surface of the collector panel.

[0003] Another type of solar heat collection panel con-
templates eliminating the collection plate and rather simply
runs a series of side-by-side riser tubes between a pair of
header pipes. The header pipes and risers can be formed
from a wide variety of materials, but one class of heat
exchangers use simple extruded plastic or elastomer tubing.
When plastic tubing is used as the risers, adjacent tubes can
be extruded, tack welded or supported together so that an
array of side-by-side tubes forms a collection panel. A
variety of plastics may be used to form the panels, although
generally a dark, thermoplastic material is used. Such panels
have been sold for a number of years by FAFCO Inc. of
Chico, Calif., and are described, for example, in U.S. Pat.
No. 4,205,662.

[0004] Although these and other existing solar panel
designs work quite well, there are continuing efforts to
develop new collector designs that meet the needs of specific
applications and/or to further decrease costs.

SUMMARY OF THE INVENTION

[0005] To achieve the foregoing and other objects of the
invention a solar collector is provided that is formed from
one or more relatively thin polymer sheet(s). The sheet(s)
are welded together to integrally define a storage tank, a
plurality of fluid flow channel (e.g. risers), and other desired
features within the collector. The storage tank is located at
a first end of the panel and a heat exchanger may be provided
within the storage tank. The heat exchanger is arranged to
transfer heat from the storage tank to a target fluid (such as
water) that is to be heated or preheated by the collector. The
collector is arranged so that when it is installed, the collector
may be positioned with the storage tank located generally
above the fluid flow channels. The storage tank and the fluid
flow channels are arranged such that when the collector is
installed and filled with a working fluid, a thermosiphon
effect will cause the collection of hot water within the
storage tank.

[0006] The solar collector may be welded in appropriate
locations to define a number of other features. By way of
example, a fill port may be provided that is suitable for
filling the collector with a working fluid. A manifold may be
formed at a bottom end of the fluid flow channels to permit
the working fluid to flow between adjacent channels. Addi-
tionally, tie down channels that are not in fluid communi-
cation with either the storage tank or the fluid flow channels
may be provided. The tie down channels are arranged to
receive a tie down mechanism and, for example, may be
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provided on top and bottom portions of the collector. The
front and back sheets may be formed from separate sheets,
from a single folded sheet or from a cylindrically shaped
sheet of polymer film. In other embodiments, additional thin
film layers may be used to define other desired features.

[0007] Insomeembodiments, aninsulated box is provided
that covers the storage tank, but leaves the majority of the
portion of the front sheet that defines the fluid channels
exposed to facilitate the collection of solar energy. In other
embodiments, a glazing layer and/or insulating layer may be
formed from another film layer.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] The invention, together with further objects and
advantages thereof, may best be understood by reference to
the following description taken in conjunction with the
accompanying drawings in which:

[0009] FIG. 1 is a diagrammatic top view of welded thin
films suitable for forming a solar collector in accordance
with one embodiment of the present invention;

[0010] FIG. 2 is a diagrammatic illustration of a solar
collection system incorporating a pair of solar collectors;

[0011] FIG. 3 is a photo showing a pair of filled solar
collectors made in accordance with an embodiment of the
present invention;

[0012] FIG. 4 is a diagrammatic perspective view of an
insulated housing suitable for insulating the storage tank
portion of the collector illustrated in FIG. 1;

[0013] FIGS. 5(a)-5(c) are diagrammatic perspective,
cross sectional and end views respectively of a seal formed
between a heat exchanger port and a heat exchanger unit.

[0014] FIGS. 6(a) and 6(b) are diagrammatic perspective
and cross sectional views respectively of a fill port in
accordance with one embodiment of the invention.

[0015] FIG. 7 is a diagrammatic cross sectional perspec-
tive view of a fill port in accordance with another embodi-
ment of the invention.

[0016] FIGS. 8(a)-8(c) are diagrammatic perspective
views of different heat exchanger units.

[0017] FIGS. 9(a) and 9(b) are diagrammatic perspective
views of a segment of spacers suitable for holding manifolds
within the collector open.

[0018] FIG. 10 is a diagrammatic plan view of welded thin
films for a collector without a storage tank in accordance
with another embodiment of the invention.

[0019] FIG. 11 is a diagrammatic plan view of welded thin
films for a collector in accordance with another embodiment
of the invention, which has a different flow pattern than the
collector illustrated in FIG. 1.

[0020] FIG. 12(a) is a diagrammatic plan view of a
collector in accordance with yet another embodiment of the
invention, which has a different riser arrangement than the
collector illustrated in FIG. 1.

[0021] FIG. 12(b) diagrammatically illustrates a weld
reinforcement technique that may be used to strengthen weld
terminations.
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[0022] FIG. 13 diagrammatically illustrates a thin film
collector design that includes a third thin film sheet that
forms a glazing or insulating layer over or under the col-
lector.

[0023] Tt is to be understood that, in the drawings, like
reference numerals designate like structural elements. Also,
it is understood that the depictions in the figures are dia-
grammatic and not to scale.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0024] The present invention relates generally to solar heat
collection panels formed from relatively thin film sheets.

[0025] Referring initially to FIG. 1, a solar collection
system in accordance with one embodiment of the invention
will be described. In the illustrated embodiment, a solar
collector 20 is formed from a pair of sheets of a thin film
polymer such as black polyethylene or polypropylene. The
sheets are welded together using conventional plastic weld-
ing techniques such as impulse welding (heat sealing) or
platen welding.

[0026] The welds are arranged to define a closed collector
having an integrally formed storage tank 23 and a multi-
plicity of adjacent riser type fluid channels 26. Thus, the
welds include a series of peripheral collector body welds 29
that define the height and width of the collector when it is
filled. They also include a plurality of substantially parallel
riser welds 32 that define the fluid channels or risers 26 that
make up the bulk of the collector portion of the system. In
the embodiment illustrated in FIG. 1, the tank is integrally
formed with the risers so that the risers open directly into the
storage tank.

[0027] In the context of the collector, the storage tank is
positioned on the “top” side of the collector and the riser
welds 32 extend “vertically” below the storage tank. The
risers 26 do not extend all of the way to the peripheral
collector body weld 29 at the “bottom™ of the collector. With
this arrangement, a manifold 38 is effectively formed at the
bottom end of the collector body so that a working fluid
within the collector body can readily flow between adjacent
risers. In the context of this description, the terms “top”,
“bottom”, and “vertical” are used primarily in the context of
describing the drawings. It should be appreciated that when
the solar collectors are installed, the storage tank would
typically be positioned above the riser portions of the
collector, although the collector would typically not be
mounted vertically. Rather, it would be installed at an angle
that is appropriate for the location at which the collectors are
installed.

[0028] The solar collector 20 also has at least one fill port
35 that permits the collector to be filled with a suitable
working fluid such as water or an antifreeze solution (such
as a glycol type solution). The fill port 35 may be formed by
simply defining fill port welds 36 that open into the collector
body. In the embodiment illustrated in FIG. 1, the fill port 35
is located at the bottom of the collector body so that it opens
into the manifold 38. However, in alternative embodiments,
the fill port may be located at any other suitable location, as
for example above the storage tank 23 or along one of the
sides of the collector. Typically, only one fill port 35 would
be required since the collector body is defined in a way such
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that all of the risers 26 open into the storage tank 23 at one
end and into the manifold 38 at their other end. Accordingly,
the entire collector can be filled through a single fill port.
However, in alternative embodiments, multiple fill ports
may be provided. The illustrated storage tank 23 has a pair
of integrally formed arms 24. One or both of the arms may
have a heat exchanger port 52 (described below) included
therein.

[0029] The solar collector 20 also has a pair of tie down
channels 41, 42 that are arranged to receive external bars,
straps or the like that can be used to secure the solar collector
in place when it is installed. The tie down channels 41, 42
are open on both ends and are located outside of the main
collector body so that they are sealed from the collector body
by at least the peripheral collector body welds 29. Upper tie
down channel 41 is provided above the storage tank 23 and
lower tie down channel 42 is provided below the manifold
38. With this arrangement, bars, straps or other suitable
supporting structures can be inserted through the tie down
channels 41, 42 and secured to a supporting fixture or other
structure that the solar panel is mounted on in order to hold
the solar panel in place. Like the other integral components
of the solar collector, the tie down channels are defined by
welding the sheets together at appropriate locations. It
should be appreciated that the placement, size and configu-
ration of the tie down channels may be widely varied to meet
the needs or any particular application. In the illustrated
embodiments, the tie down channels may be located in other
appropriate places, as for example, along the sides of the
collector.

[0030] In some embodiments, the tie down channels may
extend the entire width of the collector panel. This type of
arrangement may be particularly appropriate in situations
where no ports are provided along the edge that the tie down
channel is aligned with. In other instances, the tie down
channels may extend only a portion of the width of the
collector panel, or may be segmented, as seen for example
with reference to tie down channels 41 and 42 in FIG. 1. In
that embodiment, the upper tie down channel 41 is seg-
mented to surround an air port 44. The lower tie down
channel 42 is continuous, but does not extend the entire
width of the panel so that the fill port 35 is not blocked by
the tie down channel welds.

[0031] The air port 44 is provided to facilitate venting the
collector when it is being filled. In some embodiments, the
air port 44 may be eliminated.

[0032] In the embodiments shown, the fill port 35 and the
air port 44 are formed by simply defining a fill channel and
an air channel in the collector body that is open to the outside
of the collector body. The collector can then be filled by
inserting a hose, a funnel or other suitable fluid supply
source into the fill channel. Any air that gets trapped within
the collector during filling may be released through the air
port 44 before, during or after the collector is filled. After the
collector has been filled, the air and fill ports may be folded
over and clipped to form a water-tight seal. A variety of
conventional clips may be used to seal the ports.

[0033] In still other embodiments, a plastic fitting or other
appropriate connector may be welded to, clamped or other-
wise attached to the fill port (e.g., using a hose clamp). A
removable (e.g. threaded) cap, valve or plug can then be
secured to the fitting to seal the fill port.
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[0034] A heat exchanger is positioned in the storage tank
23. In the embodiment shown, the collector has a pair of
relatively large, heat exchanger ports or manifolds 52 that
are located on opposite sides of the storage tank. However,
in other embodiments, it may be desirable to provide only a
single heat exchanger port. As will be described in more
detail below, the heat exchange ports 52 are arranged so that
a heat exchanger can be inserted into the storage tank and
plumbed as desired to integrate the collector into a solar heat
collection system. Alternatively, a plastic manifold may be
welded into the storage tank to form the port 52.

[0035] Referring next to FIG. 2, one representative solar
collection system 100 incorporating the described solar
collector will be described. In the illustrated system, a pair
of collectors 20 are utilized as pre-heaters for a conventional
hot water heater 103. The collectors 20 are mounted side by
side on a suitable support structure (not shown). The support
structure may be free standing, mounted on a roof, mounted
on a wall or in any other suitable arrangement or the
collectors may simply be placed on the ground. The collec-
tors are plumbed so that water from a water main (or other
suitable water supply) enters the heat exchanger module 50
for the first solar collector 20(a), then passes into the heat
exchanger module for the second solar collector 20(b),
looping back before it is routed to the hot water heater 103.

[0036] A somewhat different plumbing arrangement is
illustrated in FIG. 3. In this embodiment, the collectors are
plumbed so that water from a water main (or other suitable
water supply) enters the heat exchanger module for the first
solar collector 20then passes into the heat exchanger module
for the second solar collector and then back into the heat
exchanger module for the first solar collector before it is
routed to away from the collector system (e.g., to the hot
water heater 103). This particular plumbing arrangement is
used to facilitate description of another feature of the
described solar collectors 20. The collector 20(a) has a pair
of heat exchanger ports 52 located on opposite sides of the
storage tank 23. With this arrangement, water may be
arranged to flow into the heat exchanger from one side of the
collector and out of the heat exchanger on the opposite side
of the collector. However, collector 20() has a single heat
exchanger port 52 so that both the inlet and outlet are
provided on the same side of the collector. After the water
passes through the second collector it passes back through
the first collector before it is routed externally

[0037] Tt should be appreciated that although a particular
water preheating system is described, the described collec-
tors may be used in a very wide variety of different systems.
For example, they may be used as the sole source of hot
water, in pool heating applications, as water heaters for
radiant space heating applications, etc. Of course, any suit-
able number of solar collectors 20 may be used within the
solar collection system. In some arrangements, it may be
desirable to plumb multiple collectors together in series as
illustrated in FIG. 2, whereas in other applications it may be
desirable to plumb multiple collectors together in parallel or
in other arrangements.

[0038] It should be apparent that the described collectors
do not have any internal pumps or other moving parts that
are arranged to circulate the fluid within the collector. Thus,
the working fluid within the collector is not pressurized
(although it will typically be desirable to pressurize the
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external water that passes through the heat exchanger).
Thus, the collector works as a thermosiphon system.

[0039] Since the collectors 20 are made from thin film
materials, the collector will effectively inflate when filled
with a working fluid (e.g., water or an antifreeze solution).
FIG. 3 is a photograph showing a pair of filled solar collector
in accordance with an embodiment of the present invention.
As seen therein, from outside, the collectors have an appear-
ance that is somewhat similar to an air mattress. The
dimensions of the collector, the size of the storage tank, and
the widths/diameters of the risers may be widely varied. By
way of example, the prototypes illustrated in FIG. 3 were
formed from 2 foot by 8 foot sheets of plastic and the sheets
were welded to form 16 parallel riser tubes. When the
collector is filled with fluid, the width decreases by a factor
of close to 2/m. Each collector in this embodiment holds
approximately 2 gallons of water with the storage tank
holding approximately 5 gallons. Of course, the overall size
of the collector, the sizes of the risers and the size of the
integral storage tank may all be widely varied to meet the
needs of a particular application.

[0040] Generally, any size sheets may be used. By way of
example, widths on the order of 1Y% to 10 feet (more
preferably 2-8 feet) and heights on the order of 4-10 feet
(more preferably 6-8 feet) are believed to be appropriate for
most applications. The widths of the risers may also be
widely varied. By way of example, unfilled riser widths of
V4 to 6 inches (more preferably V2 to 1Y% inches) are believed
to be appropriate for most applications. The dimensions of
the storage tank can also be widely varied. By way of
example, in the embodiments shown in the photographs of
FIG. 3, the height of the storage tank is approximately 16
inches. Generally, storage tank heights on the order of 6 to
24 inches are believed to be appropriate for most applica-
tions. With these arrangements, the thickness of the filled
storage tanks tend to be on the order of 3 to 10 inches.
Although some dimensions are described that are believed
appropriate for most applications, it should be appreciated
that these dimensions may be widely varied to meet the
needs of a particular application.

[0041] The described collectors are extremely inexpensive
to produce. The collection efficiency of the described col-
lectors is less than most conventional solar collector designs.
However, they have a calculated solar fraction (SF) of about
50-65% in sun belt locations for a collector area of about 60
square feet. The design philosophy was to produce solar heat
at relatively low efficiencies, but at a very low installed cost
while minimizing stagnation and freezing risks.

[0042] The described arrangement is a passive collector
that has a thermosiphonic flow. It was originally expected
that some of the risers 26 would carry the working fluid
downward, while others would carry the working fluid
upward. However, experiments have shown that in many
situations, thermosiphonic flow is established within indi-
vidual fluid channel 26.

[0043] The illustrated collectors are unglazed. It is pos-
sible to leave the storage tank uninsulated as illustrated in
the photo of FIG. 3. However, in many applications it may
be desirable to insulate the storage tank portion of the
collector. The insulation can be accomplished using a variety
of techniques. Referring next to FIG. 4, one arrangement
suitable for insulating the storage tank will be described. An
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insulated housing 111 suitable for placement over the stor-
age tank 23 portion of the collector 20 will be described. The
housing 111 includes a backplate 114 and a top cover 117.
In the illustrated embodiment, the top cover may be placed
over the backplate 114 such that it covers the storage tank
23. The top cover may be secured in place using any suitable
mechanism. In the illustrated embodiment, cover is simply
bolted to the backplate. However in an alternative embodi-
ment, the cover may be hinged relative to the backplate such
that the cover can open in a clamshell type manner. The front
wall 118 of the top cover 117 is recessed relative to the side
walls 119 so that when the cover is closed, it does not
significantly pinch the riser portions of the collector. Both
the backplate 114 and the top cover 117 are insulated to help
reduce the loss of thermal energy from the storage tank.

[0044] A pair of brackets 121 are arranged to be fastened
to a support surface to anchor the backplate and thus the
collector. The brackets support and clamp a tie down bar 122
that extends through the upper tie down channel 41 of the
collector. The side walls 119 also include a pair of plumbing
slots 123. The plumbing slots provide an opening for the
pipes that feed the heat exchanger 50 to enter the housing.

[0045] The heat exchanger 50 may take a wide variety of
forms. Preferably the heat exchanger is a self-contained unit
that may be inserted into the storage tank through the heat
exchanger port 52. A few representative heat exchanger units
are illustrated in FIGS. 8(a)-8(c). Suitable O-rings and
clamps can be used to secure the heat exchanger unit 50
within the storage tank 23 and to seal the heat exchanger port
52. The heat exchanger port 52 may be formed in a wide
variety of manners. Referring next to FIGS. 5(a), 5(b) and
5(c) one representative port arrangement will be described.
In this embodiment, the storage tank portion 23 of collector
20 has a pair of arms 24 as illustrated in FIG. 1. At least one
of the arms has a relatively large opening that serves as the
heat exchanger port 52. Generally, the heat exchanger port
should be sized large enough so that a suitable heat
exchanger unit 50 (as for example, any of the heat exchanger
units illustrated in FIG. 8) can be inserted into the storage
tank portion of the collector through the port. In FIGS.
5(a)-5(c), the heat exchanger itself and the associated tubing
is not shown for the purpose of clarity. The heat exchangers
are shown in the drawings of FIG. 8.

[0046] The heat exchanger unit 50 has an end cap 131 that
has a longitudinally extending cylindrical section and a heat
exchanger gasket 134 that extends around a peripheral
portion of the cylindrical section of the end cap 131. When
the heat exchanger unit is placed into the arm 24 of storage
tank 23, the end cap 131 is positioned such that end of the
sheet overlies the heat exchanger gasket 134. A hose clamp
137 that has an integral clamp gasket 138 is then placed
circumferentially around the arm 24 over the cylindrical
section of the end cap. When the hose clamp 137 is tight-
ened, a good seal is formed between the heat exchanger end
cap 131 and the collector film 139.

[0047] Of course, a variety of other heat exchanger port
structures can be employed as well. For example, a plastic
or elastomeric ring (not shown) may be welded directly to
the sheets to form the port. A heat exchanger end cap can
then be either screwed into or clamped to the ring to form an
appropriate seal.

[0048] As mentioned above, the heat exchanger unit may
take a variety of different forms. FIGS. 8(a)-8 (¢) illustrate
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a few appropriate heat exchanger units. Each of the heat
exchangers includes a heat exchanger end cap 131 that is
suitable for mating with the heat exchanger port 52, although
the form of the end caps may vary significantly. In each of
the illustrated embodiments, the inlet and outlet are both
provided on the same side of the heat exchange unit (i.e., in
end cap 131). However, if desired, end caps can be provided
on both sides of the heat exchanger unit with the inlet on one
side and the outlet on the other, or with both an inlet and an
outlet on both sides (as illustrated in the embodiment of FIG.
2) so that the collectors can be plumbed in any manner that
is desired.

[0049] Inthe embodiment illustrated in FIG. 8(a), a coiled
tube type heat exchanger is used. In this embodiment the
tube 162 is wound in a helical coil to provide more surface
area for heat exchange. In the embodiment illustrated in
FIG. 8(b) a finned tube 165 is used as the heat exchanger.
The tube is substantially U-shaped with the fins 166 being
provided along the extended portions of the tube. In the
embodiment illustrated in FIG. 8(c) the heat exchanger takes
the form of a pipe array 168. Of course, in alternative
embodiments, a variety of other heat exchanger designs can
be used.

[0050] The other ports may also be configured in a variety
of manners. Referring next to FIG. 6, a fill port design in
accordance with one embodiment of the invention will be
described. In the illustrated embodiment a fill insert 501 is
secured to the fill channel 37 defined by the fill port welds
36. The fill insert 501 can be secured to the sections of the
sheets that define the channel. In the illustrated embodiment,
a hose clamp 537 is used to secure the fill insert to the
channel. The hose clamp 537 includes an integrated clamp
gasket 538 which is arranged to engage the thin film plastic
channel. A fill port gasket 534 is used to seal the junction
between the fill insert 501 and the fill channel 37. In other
embodiments, a fill insert may be welded to the channel 37,
thereby eliminating the need for the fill port gasket and/or
the hose clamp 537. In still other embodiment, the fill insert
can be eliminated entirely and the channel itself becomes the
fill port. Of course a wide variety of other mechanisms can
be used to create the fill port as well.

[0051] Referring next to FIG. 7, yet another alternative
embodiment of the fill port will be described. In this
embodiment, a plastic fill attachment 541 is secured to a flat
section of the collector film. The fill attachment has an
internal fill bore 544 and external threads 546 so that a
sealing cap (not shown) can be threadably secured to the fill
attachment to seal the fill port. The internal bore 544 of the
fill insert is aligned with an appropriate opening 549 in the
walls 552 of the collector (i.e., in one of the sheets).

[0052] Inthe initially described embodiment, the collector
is formed by welding two sheets of plastic together in a
manner that defines the storage tank 23, risers 26, ports and
other components. It should be appreciated that in practice,
the two sheets that are welded together may be formed from
a single folded sheet. Those familiar with thin film sheet
production will know that films of this type are sometimes
formed in a tubular manner and an extended length of the
film is provided on a roll. Of course lengths of the tubular
sheet may be used as well and the use of the tubular sheet
eliminates the need to provide a couple of the peripheral
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welds. When a tubular sheet is used as the starting material,
the collector can be formed from a single segment of the
tubular sheet.

[0053] A variety of different materials can be used to form
the collector. Preferably, the material is one that resists
degradation and otherwise holds up well under direct expo-
sure to sunlight. By way of example, 6 mil thick black
polypropylene or polyethylene work well. Of course the
thickness of the material can be widely varied.

[0054] One feature of the described collector arrangement
is that when the collector is filled, it will contract in width
as the fluid channels 26 expand. If desired, this lateral
“shrinkage” can be moderated using a number of techniques.
By way of example, the upper sheet can be tack welded with
a greater length of material between adjacent welds than the
lower sheet. With this arrangement, the flow channels will
tend to pillow out more on the front side and as a result, there
will be less lateral “shrinkage” when the collector is filled.
This effect can be further reduced by the thickening the back
sheet.

[0055] In some implementations, a potential problem that
can occur during filling or use is that the manifold 38 can
collapse due to lateral shrinkage. There is a concern that
collapsing of the manifold can reduce the efficiency of the
collector. Accordingly, in some embodiments a porous
spacer is inserted into the manifold. Referring next to FIGS.
9(a) and 9(b), a couple of suitable spacer designs are
illustrated. In the embodiment shown in FIG. 9(a), the
spacer 171 takes the form of a helical coil. The coil can be
formed from any suitable material as for example various
plastic materials. The helical nature of the spacer makes it
relatively compressible so that it can be compressed to a
certain degree when the width of the collector is reduced as
the collector is filled with a working fluid. The helical design
also provides good lateral stability so that the manifold will
not collapse during normal use. The open nature of the
helical coil also provides ample space for fluid to flow
through the manifold as appropriate during use of the
collector.

[0056] Another spacer design is illustrated in FIG. 9(5). In
this embodiment, a plastic mesh is formed into a cylindrical
plastic mesh spacer 173 that is inserted into the manifold.
The mesh provides good sized openings so that water can
flow from the risers into the manifold and vice versa.
Generally, the mesh type spacer is not collapsible so the
length of the spacer is preferably shorter than the unfilled
width of the collector so that the manifold spacer does not
unduly restrict the shrinkage of the collector during filling.
Of course, in other embodiments a variety of alternative
spacer designs may be utilized or the spacer may be elimi-
nated entirely.

[0057] One of the significant advantages of the described
thin film collector is that the geometry of the collector, the
flowpaths within the collector, the size, number and geom-
etry of the storage tanks, risers, manifolds, ports and the
other components may be widely varied to meet the needs of
a particular application with minimal effort (i.e., simply by
setting up the welds appropriately for a desired new design).

[0058] Referring next to FIG. 10, another collector layer
will be described. In this embodiment the storage tank and
the heat exchanger are eliminated so that the collector 400
directly heats the water (or other fluid) to be heated. The
collector 400 has a plurality of risers 26 that extend between
top and bottom manifolds 438, 439. The water enters the
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collector through an inlet 442 and exits through an outlet
444. The position of the inlet and outlet may be widely
varied, although generally it is preferable to have the inlet at
or near the bottom and the outlet at the top of the collector.

[0059] Referring next to FIG. 11, another suitable collec-
tor layout in accordance with the present invention will be
described. In this embodiment upper manifolds 238 are
provided in addition to the lower manifold 138. The upper
manifolds are located above the risers between the tops of
the risers and the storage tank 23(a). The upper manifolds
feed channels 241 that open into the storage tank 23(a). This
collector layout may be used to more clearly separate the
storage tank from the risers and to more affirmatively define
the thermosyphonic flow, which is generally illustrated by
the flow arrows illustrated in FIG. 11. In the illustrated
embodiment, only the two center risers 26(b) open directly
into the storage tank so that they serve as the conduits for
thermosyphonicly returning the water from the storage tank
to the collector body. It should be noted that the center weld
246 in the illustrated embodiment extends nearly all of the
way to the peripheral welds so that the flow within the
collector is effectively partitioned between the left and right
sides of the collectors. Preferrably, the center weld does not
extend all the way to the peripheral weld in order to facilitate
filling and draining the collector. Of course, the partition
may be eliminated or additional partitions may be provided
if desired. In other respects, the collector 200 may be formed
similarly to the previously described collectors.

[0060] Referring next to FIG. 12(a) a collector that exhib-
its a slightly different riser design will be described. In this
embodiment, the risers all open into the storage tank 23
much like the first described embodiment. However, in this
embodiment, every other riser weld 132 is extended on the
storage tank side relative to the intermediate riser welds 232.
It has been observed that in some implementations, if the
risers are relatively narrow where they open into the storage
tank, then a “pinch” can form at the junction of the storage
tank and the top opening of the riser. Such a constriction can
adversely affect the flow of the working fluid within the
collector. The advantage of the illustrated staggered riser
weld approach is that the openings into the storage tank are
larger and therefore, pinching has less of a constricting
affect. Although the illustrated embodiment staggers the top
termination of every other riser weld, it should be apparent
that the same effect can be accomplished using a variety of
other staggering patterns.

[0061] Another potential problem that may experience
with the use of the described collectors is that there is some
risk that some of the welds will fail. Such concerns can be
addressed using a variety of techniques including double
welding or more broadly welding selected seams (e.g. some
of the peripheral seams). One spot where stresses tend to
congregate is at the ends of the riser welds 32. A variety of
techniques can be used to reduce the risk of failure at such
stress concentrations points. By way of example, referring
next to FIG. 12(5), one mechanism for reinforcing the riser
weld termination will be described. In the illustrated
embodiment, a substantially semicircular support weld 236
is formed essentially as a cap that overlies the end of the riser
weld 32. The support weld 236 provides additional support
and stability in the region of the weld termination which
helps prevent delamination of the sheets in that region. Of
course a variety of other weld termination patterns and/or
structures may be used to reinforce the ends of the riser
welds as well. It is noted that in FIG. 12, the reinforcing
support welds 236 are only shown on the bottom ends of the
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rises welds 32. However, it should be appreciated that
reinforcement can be used on either or both ends of the risers
and/or on other welds as well.

[0062] Referring next to FIG. 13, another embodiment of
the invention will be described. It is well understood in the
thermal solar collection arts that glazing can be used to
improve the thermal efficiency of a collector. The embodi-
ment illustrated in FIG. 13(a) provides a thin film glazing
layer 311 to a solar collector. FIG. 13 is a perspective view
of a small segment of the collector 300 that includes a
plurality of risers 326. The risers 326 may be fabricated as
described in any of the embodiments discussed above. A
transparent (or translucent) thin film glazing layer 311 is
welded to the upper black collector sheet so that an enclosed
space is formed between the upper sheet of the collector 313
and the glazing 311. An appropriate air fill port is provided
between the glazing layer and the sheet of the collector that
forms the risers. Intermediate portions of the glazing 311 can
be attached to appropriate intermediate portions of the upper
collector sheet (e.g., the risers 326 in the illustrated embodi-
ment). With this arrangement, air can be pumped into the
region between the glazing layer 311 and the upper collector
sheet. The air and glazing 311 act as an insulator that
insulates the exposed surface of the collector. With this
arrangement, a very low cost glazing can be integrally
formed with the collector.

[0063] FIG. 13(b) shows a small segment of a collector
300(b) having another glazing arrangement. In this embodi-
ment, the glazing 311 (b) is attached to the upper collector
sheet at the welds between every other adjacent pair of risers
326(b). Of course, the glazing may be attached to the
collector in a wide variety of manners to accomplish the
same function.

[0064] In FIGS. 13(a) and 13(d) a transparent (or trans-
lucent) glazing layer is attached to the upper collector sheet
and the region between the glazing layer and the upper
collector is filled with air. It should be appreciated that the
glazing effectively insulates the top surface of the collector.
In alternative embodiments, a similar air gap type insulation
layer can be provided over other surfaces of the collector. By
way of example, a thin film insulating layer similar to the
glazing layer can be attached to the bottom surface of the
lower collector sheet in a manner similar to the arrange-
ments shown in FIGS. 13(a) and 13(4). When the region
between the insulating layer and the lower collector sheet is
filled with air, it serves as an insulator for the bottom surface
of'the collector. Of course, if the insulating layer is not itself
exposed to sunlight, there is no need for it to be transparent
or translucent. Similarly, air gap type insulating layers can
be provided over any or all surfaces of the storage tank.

[0065] The described thin film collectors are very versatile
and can be used in a wide variety of applications. In the
primary described embodiments, the collector is a passive
device that does not have any pumps or the like. The water
(or other working fluid) within the collector circulates due to
thermosiphonic flow. The heat exchanger receives pressur-
ized water (as for example city water), which is heated
within the storage tank and fed to the desired location (e.g.,
to a hot water heater, to an appropriate tap, etc.). Thin film
collectors can also be used in active systems, with or without
a heat exchanger, in which some mechanism would be
needed to circulate the water to be heated. For example a
pump could circulate fluid through the internal heat
exchanger in the film collector to heat fluid in an external
storage tank. Alternatively, if the collector is used without an
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internal heat exchanger, water may be pumped through the
collector and then fed directly into the system in which it
will be used. In one example, if the water entering the
collector is pressurized (e.g. city water) a float value could
be used to control the delivery of water into the collector.

[0066] In the primary described embodiments water or an
antifreeze solution is used as the working fluid. However, it
should be appreciated that a wide variety of other working
fluids could be used. By way of example, air could be used
as the working fluid if the collectors are used in a space
heating application. Such a collector would typically be
configured without a storage tank or heat exchanger.

[0067] Although only a few embodiments of the invention
have been described in detail, it should be appreciated that
the invention may be implemented in many other forms
without departing from the spirit or scope of the invention.
For example the internal plumbing of a couple of represen-
tative collector designs have been illustrated in FIGS. 1, 10,
11 and 12(a). However, it should be apparent that a wide
variety of other layouts can readily be employed. Indeed, it
should be appreciated that one of the design strengths of the
described thin film collector is that the geometry of the
collector, the flowpaths within the collector, the size, number
and geometry (and in some cases existence) of the storage
tanks, risers, manifolds, ports and the other components may
be widely varied to meet the needs of a particular application
with minimal effort.

[0068] Inthe illustrated embodiments, the riser welds have
been illustrated as being extended continuous welds thereby
forming extended risers. However, in alternative embodi-
ments, the riser welds do not need to be continuous and
indeed event spaced spot welds can be used to couple the
thin sheets together. Thus, the geometry of the risers and the
riser welds can be widely varied as well. By way of example,
in some situations it may be desirable to provide flow
restrictions near the opening of the risers, manifolds or feed
channels into the storage tank in order to increase stratifi-
cation within the tank thereby providing higher potential
water temperatures.

[0069] Tt should be apparent that the described thin film
collectors can be used in a wide variety of applications. The
peripheral welding provides a good seal and the various
ports can readily be sealed so that evaporation of the
working fluid is minimized during use.

[0070] In view of all of the foregoing, it should be
apparent that the present embodiments are illustrative and
not restrictive and the invention is not limited to the details
given herein, but may be modified within the scope and
equivalents of the appended claims.

What is claimed is:
1. A solar collector comprising:

a front sheet formed from a polymer film;

a back sheet formed from a polymer film, wherein the
front and back sheets are welded together to define a
storage tank and a plurality of fluid flow channels that
open into the storage tank, the storage tank being
located at a first end of the panel; and

a heat exchanger disposed in the storage tank, the heat
exchanger having inlet and outlet ports.

2. A solar collector panel as recited in claim 1 further

comprising an insulated box that covers the storage tank, but
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leaves the majority of the portion of the front sheet that
defines the fluid channels exposed to facilitate the collection
of solar energy.

3. A solar collector panel as recited in claim 1 wherein the
front and back sheets are formed from a single sheet polymer
film.

4. A solar collector panel as recited in claim 1 further
comprising a fill port that may be used to facilitate filling the
fluid flow channels and the storage tank portions of the solar
collector with a working fluid.

5. A solar collector panel as recited in claim 1 wherein the
front and back sheets are further welded to define tie down
channels on top and bottom ends of the solar collector panel,
the tie down channels being arranged to receive a tie down
mechanism and not being in fluid communication with either
the storage tank or the fluid flow channels.

6. A solar collector panel as recited in claim 1 further
comprising a glazing sheet formed from a polymer film,
wherein the glazing sheet is welded to the front sheet.

7. A solar collector panel as recited in claim 6 wherein the
glazing sheet is substantially transparent.

8. A solar collector panel as recited in claim 1 further
comprising an insulation sheet formed from a polymer film,
wherein the insulation sheet is welded to the back sheet.

9. A solar collector panel as recited in claim 1 wherein the
front and back sheets are further welded together to define
a manifold and the plurality of fluid flow channels open into
the manifold at an opposite end of the fluid flow channels
from the storage tank, the solar collector panel further
comprising a manifold spacer that helps maintain the mani-
fold in an open position.

10. A solar collector panel comprising:

a front sheet formed from a polymer film;

a back sheet formed from a polymer film, wherein the
front and back sheets are welded together to define a
plurality of fluid flow channels and a storage tank; and

a heat exchanger disposed in the storage tank, the heat
exchanger having inlet and outlet ports.
11. A solar collector system comprising:

a front sheet formed from a polymer film;

a back sheet formed from a polymer film, wherein the
front and back sheets are welded together to define a
collector sheet having a storage tank, a plurality of fluid
flow channels and a plurality of tie down channels, the
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fluid flow channels being in fluid communication with
the tank and arranged to open into the tank, the tie down
channels being isolated from the storage tank and fluid
flow channels and being arranged to receive a tie down
mechanism;

a fill port that may be used to facilitate filling the fluid
flow channels and the storage tank portions of the
collector sheet with a working fluid;

a heat exchanger disposed in the storage tank, the heat
exchanger having inlet and outlet ports; and

an insulated box that covers the storage tank, but leaves
the majority of the portion of the front sheet that defines
the fluid channels exposed to facilitate the collection of
solar energy.
12. A collector system as recited in claim 11 wherein the
collector sheet is replaceable.
13. A solar collector system comprising:

a front sheet formed from a polymer film;

a back sheet formed from a polymer film, wherein the
front and back sheets are welded together to define a
collector sheet having a plurality of fluid flow channels;
and

a fill port that may be used to facilitate filling the fluid

flow channels with a working fluid.

14. A solar collector system as recited in claim 13 wherein
the front and back sheets are further welded together to
define an integral storage tank.

15. A solar collector system as recited in claim 14 further
comprising a heat exchanger positioned within the storage
tank.

16. A solar collector system as recited in claim 13 wherein
the front and back sheets are formed from a single sheet or
tube of polymer material.

17. A solar collector system as recited in claim 13 wherein
the welds used to connect the polymer films together include
riser welds that define a plurality of parallel risers within the
collector panel and reinforcement welds positioned near the
end of at least some of the riser welds.

18. A solar collector panel as recited in claim 1 further
comprising an insulating sheet formed from a polymer film,
wherein the insulating sheet is welded to at least one of the
front and back sheets in a region over the storage tank.
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