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Title: SOLAR ENERGY SYSTEM

FIG. 1

(57) Abstract: A modular, solar energy system comprising one or more modular solar panels. The solar panels include a pair of gen -
eral planar, plates that are secured together to form a narrow channel therebetween for the circulation of a liquid. The solar panels
have header assemblies aftixed to opposite edges thereof and which control the entry of liquid into the channel and the exit there -
from. The inlet header assembly has a plurality of nozzles that are adjustable in size to control flow therethrough while the outlet
header assembly has elongated nozzles to receive flow or liquid from the channel. The plates are preferably constructed ot aluminum
and one plate has a photovoltaic cell aftixed thereto to face the sun and the other plate has a plurality of indentations that enhance
the heat transfer characteristics with respect to the liquid flowing though the channel between the plates.
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SOLAR ENERGY SYSTEM

Reference to Related Cases

[0001]The present patent application is based upon and hereby claims priority to Provisional
patent application U.S. Serial No. 62/020948, filed July 3, 2014 and the entirety of that

provisional application is hereby incorporated herein in its entirety by reference.

BACKGROUND OF THE INVENTION

[0002]The present invention is in the technical field of solar energy and, more
particularly, the present invention is in the technical field of solar energy systems using solar
panels for generating heat, hot water and/or electricity.

[0003]There are, at the present, solar energy systems employing solar panels that gather
the radiant energy from the sun to either heat fluid circulating therethrough, generate electricity
or both. An example of such solar panels is shown and described in U.S. patent application
12/660,646, filed March 2, 2010 entitled “SOLAR ENERGY SYSTEM, published as U.S. Pub.
2010/0224234 and the specification and disclosure of that patent application is hereby
incorporated in its entirety into the present patent application by reference

[0004]As such, while the solar energy system and the individual modular solar panels of
the aforedescribed patent application are entirely suitable for the purpose of providing heated
water and/or electricity, the overall efficiency of such solar systems is critical in their use and
thus any enhancement of the heat transfer characteristics of the solar energy system and solar
energy panels is beneficial.

[0005THowever, the cost of hybrid solar panels has been the primary reason for stagnancy
in the market, so any improvement in design that would enable this critical market segment to
grow would be advantageous.

[0006]Accordingly, it would be advantageous to provide materials, panel dimensions and
various enhanced features of a solar energy system that improve the overall thermal efficiency of

the solar panels and thus the system.

BRIEF SUMMARY OF THE INVENTION

[0007]The present invention is a solar energy system, and one major innovation is the use

of photovoltaic cells in conjunction with solar panels made up of a “bladder” of thin plates of a
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metal material, such as aluminum, to capture energy (heat) during co-generation of electricity.

The solar panels heat the fluid that passes through a turbulence channel formed between thin,
planar plates.

[0008]The plates are both formed of a heat conductive metal or polymer and are oriented
in parallel planes with a channel formed between the plates. The plates are affixed together and
one plate has an outer flat surface with photovoltaic cells affixed thereto while the other plate has
elongated indentations that control the flow of liquid passing through the channel to enhance the
heat conduction between the liquid and the plates. These indentations also serve to control the
volume of fluid in the panels where weight is an issue. The ability to control the volume also
serves to maximize thermal transference from the PV cells (which get hot generating electricity)
to the working fluid within the aforementioned “bladder” by both causing “designed turbulence”
as well as forcing the fluid through the panel for even heat absorption throughout the entire area
of the panel.

[0009]The fluid is introduced into and recovered from the channel by means of header
assemblies. The header assemblies are comprised of upper and lower flanges with an end
manifold sandwiched therebetween. The end manifold has a plurality of nozzles spaced
substantially or fully along the length of opposed edges of the plates and in communication with
the channel between the plates. As such, the fluid is introduced and removed from the channel in
a smooth, even flow. One of the headers acts as an inlet for the fluid into the channel and the
other acts as an outlet for the removal of the fluid after it has passed through the channel.

[0010]The size of the nozzles in the inlet header is, in the exemplary embodiment,
controllable so that the inlet flow can be increased or decreased by an operator to optimize the
overall system when used in an array with multiple panels. In addition, the overall or cumulative
openings of the nozzles in the outlet header removing fluid from the channel is larger than the
overall or cumulative openings in the inlet header so as to maintain a smooth flow through the
channel without creating a back-up.

[0011]The present solar panels can be produced easily and inexpensively and, further are
easy to assemble. The ease of manufacture and assembly of the present solar panels provides
great advantages in the use of solar panels for producing heat, heated water and electricity (10%
greater annual electricity production vs. similar PV cell panel without this technology).

[0012]Other features of the present solar energy system will become more apparent in
light of the following detailed description of a preferred embodiment thereof and as illustrated in

the accompanying drawings.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0013]Fig. 1 is a schematic view of a solar energy system constructed in accordance with
the present invention;

[0014]Fig. 2 is an exploded view of a solar panel of the present invention,

[0015]Fig. 3 is a perspective view of the inlet header assembly used with the present solar
panel;

[0016]Fig. 4A is a perspective view of the outlet manifold used in construction of an
outlet header assembly of the present solar panel and Fig. 4B is an enlarged side view of the
outlet manifold;

[0017]Fig. 5 is a schematic view illustrating the inlet manifold of the present invention;

[0018]Fig. 6A is a schematic view illustrating the shape and orientation of indentations
used in the main fluid channel of the present and Fig 6B is a side view of those indentations;

[0019]Fig. 7 is a further schematic view illustrating the shape and orientation of the
indentations; and

[0020]Fig. 8 is a perspective view illustrating a side support assembly used with the solar

panel of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0021]Turning first to Fig. 1, there is shown a schematic view, partially exploded,
illustrating a solar energy system 10 constructed in accordance with the present invention. As
can be seen, there is a building structure 12 with a roof 14 with an exposure to some form of
sunlight, albeit direct or indirect. The building structure 12 can, of course, be any type of
building that has a need for electricity and/or heated water. As will be seen, the present invention
can be used with a structure that is devoted entirely to the production of heat, heated water and/or
electricity i.e. a dedicated structure or frame and not serve any other purpose such as for
inhabitants or a structure for housing occupants.

[0022]As seen in Fig. 1, the roof 14 has a plurality of solar panels 16 arranged in columns
(vertical alignment) and in rows (lateral alignment). As shown, there are nine (9) solar panels 16,
however, as will become clear, the number of panels, their size and orientation may vary
depending upon the particular installation, including the heat, heated water and/or electricity
requirements thereof. With a modular design, a single panel can be used, or two or more, easily
connected together to provide sufficient solar energy needs for the structure on which they are

placed.
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[0023]The solar panels 16 may be affixed to the roof 14 in a conventional manner

allowing for a circulation of air between the solar panels 16 and the roof 14 or may be directly
affixed flush to the roof 14. If installed directly to the roof of a structure, there can be insulating
material interposed between the solar panels and the roof. As also noted in Fig. 1, there is an
exploded solar panel 16 that is comprised of a first plate 18 and a second plate 20.

[0024]As can be seen, the first plate 18 is in an upper position with respect to the second
plate 20 and the solar panel 16 also includes an inlet header assemblies 24 and an outlet header
assembly 22, that will be later explained, however, the inlet and outlet header assemblies 24 and
22 include an inlet 26 and an outlet 28, respectively, for the introduction of a liquid into the solar
panel 16 and for the removal of liquid from the solar panel 16 after the liquid has passed through
the solar panel 16.

[0025]In the embodiment as shown, the inlet 26 in each solar panel 16 is oriented so as to
be higher than the outlet 28 with respect to the ground so that the passage of liquid through a
solar panel 16 is in a downward direction thereby aided by gravity. That is also true if there are
multiple panels, that is, the cold liquid enters the upper panel or panel and then progresses in the
downward direction to the lower solar panel or panels. While the liquid may be water that passes
through the solar panel 16, other fluids could be used, including, but not limited to, ethylene
glycol or even air. In the present description, the medium will hereafter be referred to as a liquid
for convenience.

[0026]As is conventional, the liquid circulates through the solar panels 16 where it is
heated by the radiant energy of the sun and the heat generated by photovoltaic cells in the solar
panels themselves. In the exemplary embodiment of Fig 1, the first plate 18 is the upper position
and faces the sun while the second plate 20 is in the lower position and faces the roof 14. The
heated liquid can pass through a suitable pipe 30 (closed loop system) to a heat-exchanger in
reservoir 32. The reservoir 32 can also be of the modular type where additional capacity can be
added or the capacity reduced by the user or the designer by stacking (with suitable connectors)
and/or using multiple stacked units depending upon the configuration required. In any event, the
heated liquid is stored and accumulated in the reservoir 32 to be used for some end purpose
through a discharge pipe 34.

[0027]The solar energy system 10 can also include a heating system 36 to provide heat,
when needed, so as to maintain the liquid in the reservoir 32 at a predetermined temperature.
One type of heating system 36 can be a heat pump; however other systems can be used to
maintain that predetermined temperature. The heating system 36 is the only component that will
not be intrinsically modular; however several sizes/capacities (output) are readily available

depending on the configuration required.
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[0028]Turning now to Fig. 2, taken along with Fig. 1, there is shown an exploded view of

a solar panel 16 and illustrating the construction of an individual solar panel 16 of an exemplary
embodiment. As can be seen, the solar panel 16 of Fig. 2 is constructed by the use of two,
generally planar plates, i.e. the first plate 18 and the second plate 20. As can be seen in Fig 2,
the solar panel 16 is inverted from its normal orientation in use, that is, the first plate 18 is in the
lower position with the second plate 20 atop thereof whereas in normal use, the first plate 18 is in
the upper position, however, the solar panel 16 is inverted in Fig. 2 in order to better illustrate the
particular construction of the second plate 20.

[0029]Accordingly, when in use, the uppermost component is the photovoltaic cell 40
(PV cell) or cells and which is conventional and faces the sunlight to receive radiant energy to
produce electricity. The PV cell 40 is affixed to the upper surface 42 of the first plate 18 and
may be affixed there to by an adhesive or by laminating. PV cells that are usable with the present
solar panels are readily commercially available and one of the advantages of the present solar
panel is that a PV cell need not be customized but can be almost any ones of the commercial PV
cells currently available.

[0030]A typical commercial encapsulated PV cell can be obtained as a unit with a glass
cover to desired dimensions and can be a single PV cell that covers all or substantially all of the
area of the upper surface 42 of the first plate 18. As noted, the upper surface 42 of the first plate
18 is a generally planar surface so that the PV cell 40 uniformly covers that surface to enhance
the transfer of heat.

[0031]In Fig 2, the solar panel 16 is configured as a rectangle having ends 44, 46 and
sides 48, 50, however, it can be seen that other geometrical shapes could be used. As noted, the
ends 44, 46 of the solar panel 16 are secured by the inlet and outlet header assemblies 24, 22. In
the exemplary embodiment, inlet header assembly 24 is used to introduce a liquid through the
solar panel 16 via the inlet 26 (Fig. 1) while outlet header assembly 24 is used to remove liquid
from the solar panel 16 via outlet 28 (Fig. 1)

[0032]As thus can be seen in Fig 2, while, as will be later explained, the inlet and outlet
header assemblies 24, 22 are basically different in certain respects, each include an upper flange
54 and a lower flange 52. In addition, there is an inlet manifold 56 and an outlet manifold 57.
In the making of the inlet and outlet header assemblies 24, 22, the upper and lower flanges 54, 52
are secured together with the inlet and outlet manifolds 56, sandwiched therebetween.

[0033]In Fig. 3, taken along with Fig. 2, there is a perspective view of a completed inlet
header assembly 24 and includes the common components of both the inlet and outlet header
assemblies 24, 22, taken along with Fig 2. Accordingly, describing the inlet header assembly 24,

there can be seen the upper flange 54, the lower flange 52 and the inlet manifold 56 positioned
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therebetween. Assembly of the inlet header assembly 24 can be carried out by fasteners 58 that

may be screws, rivets or other fastening devices. As also can be seen, an elongated slot 60 is
formed in the inlet header assembly 24 when fully assembled together that receives the end edges
62, 64 of the first and second plates 18, 20 after they have been affixed together as will be later
explained.

[0034]As explained both the inlet and outlet header assemblies 24, 22 are similar with the
exception that a manifold that is sandwiched between the upper flange 54 and the lower flange 52
and that manifold is difference between the inlet and outlet assemblies 24, 22.

[0035]Taking then Figs. 4A and 4B, there is shown a perspective view and a front view of
the outlet manifold 57 and, as can be seen, it includes the outlet 28 that provides a discharge
means for liquid exiting an elongated passageway within the outlet manifold 57. A plurality of
outlet nozzles 66 are formed in the outlet manifold 57 and each outlet nozzle 66 communicates
with the elongated passageway within the outlet manifold 57 such that a liquid exiting through
the outlet 28 is received uniformly into of the plurality of outlet nozzles 66.

[0036]In Fig 4B, it can be seen that, in the exemplary embodiment, the outlet nozzles 66
are elongated or oval in shape and can be distributed uniformly along the outlet manifold 57.

[0037]Turning then to Fig 5, there is a schematic view of the inlet manifold 56. As can be
seen, the inlet manifold 56 has a plurality of elongated inlet nozzles 67 similar to the outlet
nozzles 66 of Figs 4A and 4B, however there is also a sleeve 69 that slides within the inlet
manifold 56 and the sleeve also has a plurality of openings 71 spaced apart the approximately
(slightly further apart) the same distance as the inlet nozzles 67 and of a similar size.. As such, to
alter the flow of liquid through the inlet manifold 56, the sleeve can be moved axially with
respect to the inlet manifold 56 so that more or less of the openings 71 are in alignment with the
inlet nozzles 67.

[0038]Accordingly, when the sleeve 69 is moved to a position where the openings 71 are
fully in alignment with the inlet nozzles 67, maximum liquid can pass through the inlet manifold
67. As the sleeve 69 is then moved axially, the openings 71 will be in lesser alignment with the
inlet nozzles 67 and the effective cumulative opening of the inlet nozzles 67 is reduced, thus
reducing the flow through the inlet manifold.

[0039]In that manner, the flow though the inlet manifold 56 can be controlled by an
operator and there can be some mechanism 73 to manually or automatically cause the axial
movement of the sleeve 69.

[0040]Returning to Fig 2, in the assembly of the solar panel 16, the first and second plates
18, 20 are affixed together to form therebetween, a channel 68 for the passage of liquid through

the solar panel 16. As described with respect to the inlet and outlet header assemblies 24, 22,
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once the first and second plates 18, 20 are affixed together as will be explained, the combination

fits into the elongated slot 60 (Fig. 3) in the inlet header assembly 24 and an identical elongated
slot in the outlet header assembly 22 so that the outlet nozzles 66 of outlet header assembly 57
and the inlet nozzles in the inlet header assembly 24 22 can communicate with the channel 68.
As such, the plurality of inlet nozzles 67 located substantially along or fully along the width of
the inlet header assembly 24 introduces liquid into the channel 68 and the outlet nozzles 66
located substantially along or fully along the width of the outlet header assembly 22 removes
liquid from the channel 68 so as to create a smooth even flow of the liquid through the channel
68.

[0041]Contributing to the smooth flow is the feature that the overall opening cumulative
area of the outlet nozzles 66 is designed to be larger that the cumulative area of the inlet nozzles
67 so as to prevent a back up of flow through the channel 68

[0042]The flow of the liquid is further enhanced by the use of indentations 70 in the
second plate 20 that protrude into the channel 68. The indentations 70 are uniformly distributed
over the second plate 20 and extend into the channel 68 but do not extend all the way through the
channel 68 so as to contact the first plate 18. In that manner, the indentations 70 allow the liquid
passing through the channel 68 to occupy the entire area of the lower plate 20 for maximum heat
transfer as well as coax the liquid to flow through the narrow space, instead of taking the fastest
route (possible caused by slope, or easiest flow path) and the indentations 70 also serve to
manage the quantity of liquid passing through the solar panel 16.

[0043]Turning to Fig. 6A and 6B, taken along with Fig. 2, there is a top view and side
view showing the channel 68 and an exemplary embodiment illustrating the shape and
orientation of the indentations 70. As can be seen, the indentations 70 are arranged in rows
(parallel to the direction of flow of the liquid illustrated by the arrow A) of Fig 6A and columns
(normal to the flow of liquid).

[0044]The indentations 70 can further be described as spiral shaped with the ends of the
spiral oriented so as to be normal to the direction of flow through the channel 68. In addition,
as seen in Fig 6B, one end of the spiral indentations 70 increasingly projects into the channel 68.

[0045]Turning to Fig 7, there is a schematic view illustrating the shape and orientation of
the indentations 70. In Fig 7, the direction of the flow of fluid is indicated by the arrows B. As
can be seen, the indentations 70 are arranged in rows normal to the direction of flow, as indicated
by the line C and columns indicated by the line D that are parallel to the flow of fluid.

[0044]The indentations 70 are basically one circle or 360 degrees of a spiral coil where
one end 75 of the coiled indentation 70 is basically even with the planar surface of the second

plate 20 and the other or leading end 77 is displaced outwardly, away from the planar surface of
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the second plate 20. As with a spiral configuration, there is a split 79 where the one end 75 and

the leading end 77 of the indentations 70 are separated by a finite distance.

[0045]Accordingly, as the flow of cooler fluid, shown by the arrows E enters the channel
68 and a portion of the flow is diverted by the indentations 70 and is heated so as shown by the
arrows H while forming a swirling pattern of flow and thus enhancing the heat conduction. In
the exemplary embodiment the split 81 is normal to the flow of fluid and can be oriented such
that the split 81 is 180 degrees offset with alternating rows. The spiral pattern of the flow of fluid
forces the cascading fluid to swirl around the hot spots of the PF cell 40 (Fig. 2) so as to
maximize the heat transfer to the fluid.

[0046]The indentations are 70 are pressed onto the second plate such that there is a
smooth continual metal transition between the second plate 20 and the indentations 70 and no
break or space therebetween.

[0046]In addition to the indentations 70, there are dimples 72 formed in the second plate
20 that, again, extend inwardly and are uniformly distributed on the second plate 20. The
dimples 72 extend inwardly through the channel 68 to contact the first plate 18 and a laser weld
is made at the point of contact so as to secure the first and second plates 18, 20 together. The use
of the dimples 72 has two functions, that is, the dimples 72 keep the first and second plates 18, 20
equally spaced apart throughout the solar panel 16 such that the channel 68 has a uniform depth
and also the use of the laser welded dimples 72 keeps the first and second plates 18, 20 from
bulging in the case of an unexpected expansion. That expansion can, however, also be controlled
by a safety valve and/or industry standard “drop back” system.

[0047]As further components of the solar panel 16, there are side members 74, 76, again
which may be comprised of a metal such as aluminum, and which are positioned along the sides
48, 50 of the solar panel 16 between the first and second plates 18, 20 to seal the sides 48, 50 and
prevent the leakage of liquid from the channel 68. The sides 48, 50 can be laser welded to the
side members 74, 76 at retain the side members 74, 76 in the desired positions.

[0048]In Fig 8, taken along with Fig 2, both side members 74, 76 may be constructed as a
side support assemblies 80 that can be used to strengthen the solar panel 16. Since the side
support assemblies are the same along each side 48, 50 of the solar panel 16, only one will be
described. As such the side assembly 80 includes an outer edge extrusion 82. The edge
extrusion 82 has a main channel 84 for retaining a side seal 86 that, as with the side members 74,
76, is interposed between the first and second plates 18, 20 to provide a seal therebetween.

[0049]As also can be seen, the PV cell 40 is affixed within a recess 88 in the edge

extrusion 82 along with the first plate 18. In a similar manner, the second plate 20 also fits
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within a recess 90 in the edge extrusion. Fastening devices 92, such as screws or rivets pass

through the edge extrusion 82 to retain all of the components together.

[0050]Returning to Fig 2, as a further feature of the solar panel 16, there is an opening 94
formed in the first plate 18 and an opening 96 formed in the second plate 20 that are in alignment
when the first plate 18 has been affixed to the second plate 20 as previously described. A gasket
98 is provided intermediate the openings 94, 96 to seal between the first and second plates 18, 20.
As such, the openings 94, 96 provide a through opening in the solar panel 16 for the passage of
electrical wiring or other utility needs.

[0051]All these components will be able to be computer-configured (for estimation and
installation instructional purposes) based on user input (size of area to be heated, hot water usage,
number of people, structure size, insulation level, geographic region, etc.) and all pertinent data
also available based on this input such as configuration, size, efficiencies, estimated savings
(based on user input), etc.

[0052]Further, these solar panels provide sufficient hot water which is maintained at a
constant temperature in a reservoir of sufficient capacity. Instead of firing up alternative fuel-
driven heating units when the temperature drops several degrees, the unit is designed to maintain
a constant predetermined temperature, eliminating the inefficient ‘peaks and valleys’ in favor of a
more efficient temperature maintenance. Additional (modular) solar panels can be added to
provide for sufficient heat/hot water or co-generation of electricity, within the modular design.

[0053]Thus, the smallest common denominator, the size appropriate for a small garage,
for example, will be the basic size of each modular solar panel unit, and larger sizes can be
assembled by easily adding more of these modular units together.

[0054]The construction details of the invention as shown in Fig.1-5 are that the system
configuration can be adapted to any size construction. The materials used will be appropriate for
exposure (rooftop) and ideally suited for all climates and conditions. In addition, the units can be
easily configured and installed into new construction as easily as retro-fitting into existing
structures.  In essence, the solar panel includes a bladder comprised of two aluminum sheets
bonded together allowing the working fluid to flow in a thin “sheet” evenly across the entire back
of the panel, now only separated by a thin aluminum wall, thereby cooling the entire array of PV
cells more efficiently and extracting more heat for hot-water in the process.

[0055]The two sheets of aluminum can be laser-welded for a water-tight seal and laser-
welded internally to maintain proper spacing (fluid volume control) and to prevent expansion (in
addition to a safety pressure valve). The invention is used to further manage the total volume of
fluid within the panel during operation as well as to coax the fluid into an even flow across the

full plane of the panel. The design forces the fluid over the hottest areas of the PV layer, with
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natural acceleration, enabling more efficiency in cooling and more heat extracted for generating

hot water.

[0056]In broad embodiment, the present invention is a unique multi-dimensional solar
panel system incorporating solar panels to heat water and PV cells to generate electricity using
innovative materials, dimensions and construction. Additionally the present invention is totally
modular in concept for extremely easy installation and maintenance.

[0057]While the foregoing written description of the invention enables one to make and
use what is considered presently to be the best, most convenient, most configurable and in all
ways the most advantageous solar system thereof, those of any skill level will understand and
appreciate the existence of variations, combinations, and equivalents of the specific embodiment,
method, and examples herein. The invention should therefore not be limited by the above
described embodiment, method, and examples, but by all embodiments and methods within the

scope and spirit of the invention as claimed.
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CLAIMS

What is claimed is:

1. A modular solar panel to heat a fluid using sunlight comprising:

a first, generally planar plate comprised of a heat conductive material,

a second, generally planar plate comprised of a heat conductive material, the
second planar plate affixed to the first generally planar plate and oriented in a plane
generally parallel to the plane of the first generally planar plate,

the first and second generally planar plates being affixed together in a fluid tight
relationship forming a channel therebetween, the channel having an inlet for fluid to be
introduced into the channel and an outlet for discharging fluid from the channel,

each of the first and second, generally planar plates being thin, the second
generally planar plate having a plurality of indentations formed therein indented toward
the first, generally planar plate to control the flow of fluid passing therethrough; and

a photovoltaic cell affixed in heat conducting relationship to the second generally

planar plate.

2. The modular solar panel of claim 1 wherein the inlet is positioned at an elevation

higher then the outlet.

3. The modular solar panel of claim 1 wherein the first and second generally planar

plates are both comprised of a metal.

4. The modular solar panel of claim 3 wherein the first and second generally planar

plates are both comprised of aluminum.

5. The modular solar panel of claim 1 wherein the inlet includes a header that
extends along the inlet of the channel, the header having an plurality of nozzles that
communicate with the channel, the nozzles being formed at least substantially all along

the length of the header to introduce a fluid uniformly into the channel.

6. The modular solar panel of claim 5 wherein nozzles are elongated.

7. The modular solar panel of claim 1 further including a control mechanism to

control the flow of fluid through the nozzles.

11
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8. The modular solar panel of claim 1 wherein the control mechanism controls the

size of the nozzles.

9. The modular solar panel of claim 1 wherein the header has an elongated opening
therein communicating fluid with each of the nozzles and a sleeve is movable with the

elongated opening to control the flow through the inlet nozzles.

10. The modular solar panel of claim 9 wherein the sleeve has a plurality of holes
formed therein shaped substantially similar to the inlet nozzles and the movement of the
sleeve moves the holes between a position where the holes are at least substantially in
alignment with the inlet nozzles and a position where the holes are offset with respect to

the inlet nozzles.

10.  The modular solar panel of claim 1 wherein the indentations comprise generally
spiral indentions where one leading edge of a spiral indentation is displaced outwardly

from the second generally planar plate.

11.  The modular solar panel of claim 10 wherein the indentations are oriented in
columns aligned in the direction of the flow of fluid through the chamber and rows
generally normal to the flow of fluid through the chamber and wherein the indentations of

alternating rows are displaced 180 degrees from the prior row of indentations.

12. The modular solar panel of claim 10 where the leading edge of a spiral indentation

is oriented downstream in the flow of fluid through the chamber.

13. A method of constructing a solar panel comprising the steps of:

providing a first, generally planar plate comprised of a heat conductive material,
providing a second, generally planar plate comprised of a heat conductive material and
having elongated indentations therein,

affixing the second generally planar plate to the first generally planar plate so as be in a
plane oriented generally parallel to the plane of the first generally planar plate to form a
channel therebetween with the elongated indentations facing toward the first planar plate,
sealing the perimeter of the first plate to the second plate while leaving a fluid inlet and a

fluid outlet to the channel,
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affixing a photovoltaic cell to one of the planar plates in heat conducting relationship.

14.  The method of claim 13 wherein the step of providing a second, generally planar
plate comprised of a heat conductive material and having elongated indentations therein
comprises providing a second, generally planar plate having indentations that are spiral

indentations.

15. The method of claim 13 wherein the step of sealing the perimeter of the first plate
to the second plate while leaving a fluid inlet and a fluid outlet to the channel comprises

orienting the fluid inlet to be at an elevation higher than the fluid outlet.

16. A structure having a plurality of solar panels affixed thereto and oriented to face
the sun, each solar panel comprised of;

a first, generally planar plate comprised of a heat conductive material,

a second, generally planar plate comprised of a heat conductive material, the
second planar plate affixed to the first generally planar plate and oriented in a plane
generally parallel to the plane of the first generally planar plate,

the first and second generally planar plates being affixed together in a fluid tight
relationship forming a channel therebetween, the channel having an inlet for fluid to be
introduced into the channel and an outlet for discharging fluid from the channel,

each of the first and second, generally planar plates being thin, the second
generally planar plate having a plurality of indentations formed therein indented toward
the first, generally planar plate to control the flow of fluid passing therethrough; and

a photovoltaic cell affixed in heat conducting relationship to the second generally

planar plate.

17.  The structure of claim 16 wherein the inlet for introducing fluid into the chamber

is a variable opening inlet to vary the flow through the channel.

18.  The structure of claim 17 wherein the outlet is larger than the variable opening in

the inlet.

13
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19. The structure of claim 16 wherein the plurality of solar panels comprises at least a

first row of solar panels and a second row of solar panels at an elevation lower that the
first row of solar panels, the first row of panels having an inlet and the second row of
solar panels having an outlet and wherein the fluid can pass from the inlet in the first row

of solar panel to the outlet in the second row of solar panels.

20.  The structure of claim 15 wherein the indentations create a swirling pattern in a

flow of fluid passing between the inlet and the outlet.
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