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gitudinal window forming a part thereof and a body fo1

'ming another part thereot. The longitudinal window 1s made ot a material ad -

apted to be transparent to solar radiation. The body has an exterior absorptive surface and an interior reflective surface. A second
member 1s located within the cavity of the first member and 1s generally parallel to longitudinal axis of the first member. The second
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directing solar energy through the window of the collector.
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SOLAR ENERGY COLLECTOR AND SYSTEM FOR USING SAME

Field of the Invention

The present invention is directed to a solar energy collector and a system for

using same.

Background of the Invention

Solar energy is a renewable energy source. There is on-going development of

ways to bring solar energy into a commercial status by increasing its conversion

efficiency.

Solar energy refers to the radiant energy (heat and light) produced by the Sun

and captured, for example, on the Earth. ltis estimated that about 3.8x10° exajoules
(EJ) per year of solar energy is absorbed by the Earth. If some of this solar energy can

be harnessed for use, it could have a significant impact on energy supply/demand.

Solar energy technologies generally are categorized into either passive or active
capture categories. Active capture refers to, for example, the use of photovoltaic
panels or solar thermal collectors. While passive capture refers to, for example,

orienting buildings, or choosing materials, or designing spaces to maximize solar energy

use.
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Captured thermal solar energy may be used in a variety of applications, such as,
but not limited to, water heating, space heating, space cooling, and process heat
generation. In the capture of thermal solar energy, it is important to make the collector

as efficient as possible, so that the return on the capital employed may be maximizead.

Accordingly, there is a need for a solar energy coliector that efficiently captures

solar energy.

Summary of the Invention

A solar energy collector includes a first member having a cavity and a
longitudinal axis. The first member has a longitudinal window forming a part thereof and
a body forming another part thereof. The longitudinal window is made of a material
adapted to be transparent to solar radiation. The body has an exterior absorptive
surface and an interior reflective surface. A second member is located within the cavity
of the first member and is generally parallel to longitudinal axis of the first member. The
second member is adapted to carry an energy absorbing fluid. An insulative material
fills the cavity between the first member and the second member. A solar energy
collection system includes the form going solar energy collector and a solar energy

transmitting device for directing solar energy through the window of the collector.
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Description of the Drawings

For the purpose of illustrating the invention, there is shown in the drawings a
form that is presently preferred; it being understood, however, that this invention Is not
limited to the precise arrangements and instrumentalities shown.

Figure 1 is an illustration of the solar energy collector.

Figure 2 is an illustration of one embodiment of the system for using the solar
energy collector.

Figure 3 is an illustration of another embodiment of the system for using the solar

energy collector.

Description of the Invention

Referring to the drawings, where like numerals refer to like elements, there is
shown in Figure 1 a solar energy collector 10. In general, collector 10 comprises a first
member 12 and a second member 26 with an insulative material located between the

first member 12 and second member 22.

First member 12 is generally an elongated member having a longitudinal axis 16.
Member 12 may have any cross-section shape; in one embodiment, the cross-sectional
shape is circular (i.e., first member 12 is a tube). First member 12 has a cavity 14. First
member 12 includes a longitudinal window 18 forming a part of the member 12 and a

body 20 forming another part of member 12.
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Window 18 is generally parallel to the longitudinal axis 16. Window 18 may form
a part of the wall of member 12. Window 18 is adapted to transmit solar energy into
cavity 14. Window 18 should not allow solar energy to escape from the cavity 14. In
this regard, window 18 may be an 'one-way' mirror that allows radiation in, but prevents

it escape, such as provided by a polarized film. Window 18 may be glass or plastic.

Body 20 may form the rest of the first member 12. Body 20 has an exterior (or
outer) surface 22 and an interior (or inner) surface 24. The choice of material for the
body 20 may be dependent of several factors including: strength at the maximum

anticipated temperature, insulative properties, resistance to corrosion, and cost, to

hame a few.

The exterior surface 22 is adapted to absorb solar radiation. The exterior surface
22 may be a coating on the body or may be layer laminated to the body or may be
integral with the body. In one embodiment, the exterior surface 22 may be a black
surface. so as to simulate an idealized black body. The idealized black body may be
characterized as a physical body that absorbs all incident electromagnetic radiation

(including solar radiation), regardless of frequency or angle of incident.

The interior surface 24 is adapted to reflect solar radiation. The interior surface
24 may be a coating on the body or may be layer laminated to the body or may be
integral with the body. In one embodiment, the interior surface 24 Is a mirrored surface,

so as to reflect all radiation incident to it without absorbing any of that radiation.
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Second member 26 is generally an elongated member having a longitudinal axis.
Second member 26 may be located anywhere within cavity 14 of the first member 12.
Member 26 may have any cross-section shape: in one embodiment, the cross-sectional
shape is circular (i.e., second member 26 is a tube). In one embodiment, the second
member 26 is co-axial with the axis 16 of the first member 12. Second member 26 is
adapted, in one aspect, to carry an energy absorbing fluid therethrough., Second
member 26 is also adapted, in another aspect, to capture sclar energy or allow the solar
energy {0 pass, efficiently, to the energy absorbin fluid. With regard to the later aspect,
second member 26 may be black, so as to simulate the idealized black body, discussed
above, Second member 26 may be made of glass (e.g., Pyrex ®), quai'tz, ceramic,
plastic, metal, or combinations thereof. The choice of matenal for the second member
26 may be dependent of several factors including: strength at the maximum anticipated

temperature, insulative properties, resistance to corrosion, and cost, to name a few.

The gap or space between the body 20 and the second member 26 may be any

distance. Several considerations must be kept in mind when considering the width of

the this gap.. Those considerations include: the focal length and dimension of the solar
energy director, discussed below; the lager the diameter of the bady 20, the better for

collecting solar radiation, but the worse for thermal insulation.

The energy absorbing fluid may be any fluid. For example, the fluid may be

either a liqUid or a gas. The choice of the fluid is not limiting, and may be dictated by
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how the captured energy is to be subsequently used. In one embodiment, the energy
absorbing fluid may be a mixture of water and ethylene glycol. In another embodiment,

the energy absorbing fluid may be water.

Insulative material 28 occupies the space between the first member 12 and the
second member 26. Insulative material 28 may be any material adapted to transmit the
solar energy entering the window 18 as efficiently as possible (i.e., absorbing as little
radiant energy as possible). Insulative material may be a fluid or a vacuum. The fluid

may be a gas.

Referring to Figures 2 and 3, system 30 for utilizing solar energy collector 10 are
illustrated. In general, system 30 includes the solar energy collector 10, a solar energy

director 32, a energy absorbing fluid mover 34, and thermal energy utilizier 36.

The solar energy director 32 directs and concentrates the solar radiation.
Director 32 may be a lens (Figure 2) or a reflector (Figure 3). Director 32 may be
elongated and with an axis generally parallel to the axis 16 of the first member 12. The
focal point of the director may be positioned so as to direct the focused radiation at the
second member 26 of the collector 10. The lens may be any lens; in one embodiment
may be a convex lens. The lens may also be Fresnel lens. The reflector may be any

reflector or mirror. In one embodiment, the reflector may be a parabolic reflector.
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The energy absorbing fluid mover 34 may be device adapted to move the fluia
around the system 30. In one embodiment, the mover 34 may be a pump (if the fluid Is

a liquid). In another embodiment, the mover 34 may be a compressor (if the fluid Is a

gas).

The thermal energy utilizer 36 may be any device adapted to use the energy
absorbed in the energy absorbing fluid pasted from the collector 10. For example, the
utilizer 36 may be used for water heating, space heating, space cooling, and process

heat generation or to pre-heat fluids used in any of those operations.

Examples

In the following example, the inventive collector is compared to a conventional
collector to demonstrate the efficacy of the inventive collector. The tests were
performed on a sunny day with an ambient temperature of 90°F, and all tested were
exposed to sunlight for 5 minutes (tests were run simultaneously). In each, 5 cc of tap
water was placed in a test tube (simulating the second member) with a thermometer for
measuring the temperature of the water. Test 1-3 are of conventional set-ups, while
test 4 is directed to the inventive collector. In test 1, the water in the test tube was
heated without any director or the first member and the temperature reached 110°F. In
test 2. the water was heated, in the test tube, using a 2x4 inch parabolic mirror with its
focal line directed on the test tube and the temperature reached 120°F. In test 3, the
water was heated. in the test tube, using a lens with its focal line directed on the test

tube and the temperature reached 120°F. In test 4, the water was heated, in the test
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tube and the first member, using a 2x4 inch cylindrical convex lens with its focal line

directed through the window and on the test tube and the temperature reached 139°F.
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CLAIMS:

1. A solar energy collector comprising: a first tubular member having a circular
cross-section, a first end, a second end, a cavity, and a longitudinal axis, the first
member consisting of a longitudinal one-way mirrored window extending the entire
length between the first end and the second end of the first member and forming a part
of the first member and a body forming the rest of the first member, said longitudinal
one-way mirrored window being made of a material adapted to pass solar radiation,
said body having an exterior absorptive surface and an interior reflective surface, the
interior reflective surface covering the entire interior surface of the body; a second
tubular member having a circular cross-section, being located within the cavity of the
first member and generally parallel to said longitudinal axis, and being surrounded by
the interior reflective surface of the first member, said second member being adapted to
carry an energy absorbing fluid; and an insulative material filling the cavity between the
first member and the second member, said insulative material being a fluid or a
vacuum.

2. The solar energy collector of claim 1 wherein said material adap‘ted to pass solar
energy being selected from the group consisting of: glass, plastic, or combinations

thareof.
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3. The solar energy coliector of claim 1 wherein said exterior absorptive surface
being a black Surface.

4. The sotar energy collector of claim 1 wherein said interior reflective surface being
a mirrored surface.

5. The solar energy collector of claim 1 wherein said fluid being a gas.

6. A solar‘ energy collection system comprising: a solar energy collector comprising
a first tubular member having a circular cross-section, a first end, a second end, a
cavity, and a longitudinal axis, the first member consisting of a longitudinal one-way
mirrored window extending the entire length between the first end and the second end
of the first mefnber and forming a part of the first member and a body forming the rest
of the first member, said longitudinal one-way mirrored window being made of a
material adapted to pass solar radiation, said body having an exterior absorptive
surface and an interior reflective surface, the interior reflective surface covering the
entire interior surface of the body; a second tubular member having a circular cross-
seclion, being located within the cavity of the first member and generally parallel to said
longitudinal axis, and being surrounded by the interior reflective surface of the first
member, said second member being adapted to carry an energy absorbing fluid; and

an insulative material filling the cavity between the first member and the second

member, said insulative material being a fluid or a vacuum, and a solar energy

transmitting device adapted to diréct solar energy through said window.

10
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7. The solar energy collection system of claim 6 wherein said solar energy
transmitting device being a lens or a mirror.
8. The solar energy collector of claim 6 wherein said material adapted to pass solar

energy being selected from the group consisting of: glass, plastic, or combinations

thereof.

9. The solar energy collector of claim 6 wherein said exterior absorptive surface
being a black surface.

10.  The solar energy collector of claim 6 wherein said interior reflective surface being
a mirrored surface.

11.  The solar energy collector of claim © wherein said fluid being a gas.

12.  The solar energy collector of claim 1, wherein the second tubular member being
generally co-axial with said longitudinal axis.

13. The solar energy collector of claim 6, wherein the second tubuia‘r member being

generally co-axial with said longitudinal axis.

11
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