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[57] ABSTRACT
A solar heating system comprising a lens collector ar-

rangement, an insulation area, and a storage section
positioned in an enclosing structure, and an associated
utilization means. The collector lens is an array of
light guide lenses having alternate high and low refrac-
tive surfaces. The array is contoured in a capping rela-
tionship over a focusing lens to provide an extremely
high concentration of solar energy irrespective of the
angle of the sun. The light guide lenses increase by
several orders of magnitude the amount of solar en-
ergy striking the surface of the focusing lens. The fo-
cusing lens is a plurality of flat surface type of lenses
stacked one over the other in spaced relationship and
operable to concentrate the solar energy to a central
region. Surrounding the perimeter of the plurality of
focusing lenses in an array, in a “‘wall” configuration,
of light guide lenses similar in conmstruction to the
aforesaid capping light guide lenses. The angle of the
reflective surfaces of the capping lenses and the wall
lenses is such to receive and direct to the focusing
lenses the maximum amount of radiation at all times
of the day and season. The insulation area is posi-
tioned between the collector lens and the storage sec-
tion to provide a convective barrier for the storage
area without inhibiting the passage of solar radiation.
The storage section is of a high absorption material
with an auxiliary conventional heat source.

10 Claims, 8 Drawing Figures
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1
SOLAR HEATING SYSTEM.

CROSS REFERENCE

The “Light Guide Lens” of the co-pending applica-
tion filed Sept. 3, 1975, by the same inventors herein
and given Ser. No. 609,928, is that utilized in the pre-
sent invention.

BACKGROUND

With the energy crisis created by the impact of the
natural resources shortage, together with the antici-
pated depletion of the natural resources, a considerable
amount of effort has been directed to other forms of
energy. Although there are several other forms of en-
ergy, the emphasis has been placed on solar energy as
the most logical heat source. Consequently there are on
the market many so-called solar furnaces.

These prior art devices generally comprise a focusing
lens, a medium - either air or liquid - to be heated, in
some instances a storage tank, and in other instances a
reflective surface such as a mirror and/or a reflector.

Although these solar furnaces are operable and in
certain instances commercially operable, they are not
without their attendant disadvantages. Principally the
problem area is a lack .of a sufficient concentration
system for the incident solar energy, directivity relative
to the angle of the sun, and a storage system with a
capacity to carry the system on cloudy days. The prob-
lem related to the concentration of the solar energy is
with the lens and its reflecting surfaces and the re-
sponse of the system to the low angles of the sun.

Further, the prior art systems generally utilize the
solar radiation to heat either a liquid or air directly and
then utilize the heated air or water for the intended
purpose. Storage systems are much fewer and are of the
indirect type, that is, the heated excess air or liquid is
placed in a storage medium. These prior art storage
systems are very simple in structure and somewhat
crude. Very little advance in the art has been made
with storage systems.

Although perhaps in some future penod of time solar
energy may be a complete substitute for other forms of
energy, today solar energy, at best, is a supplement to

or an alternate source of energy. Nonetheless, the fail- -

ure of the prior art to recognize the practical usefull-
ness of solar energy has resulted in commercial systen&s
that are extremely expensive, but, yet, of only a mini-
mal and questionable value.

SUMMARY OF INVENTION

The invention comprises in its most general aspects a
unitary air/liquid tight cylindrical enclosure that houses
a combination of components that are responsive se-
quentially to solar radiation. The system provides a
heat source with a larger capacity and operable for an
extended period of time over that of the prior art.
Within the cylindrical enclosure the components com-
prise in the order of operability a collector lens, an
insulating area, and a storage section. Utilization means
for effectively utilizing the heat generated is associated
with the basic combination of apparatus.

The collector lens, the insulation area, and the stor-
age section are serially joined together and housed in
an air/liquid nght cylindrical (with appropriate vente)
enclosure that is insulated against heat loss.
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2

The collector lens configuration includes an upper or
top contoured capping light guide lens array positioned
over a first flat surface focusing lens. Beneath the fo-
cusing lens there is positioned in spaced relationship
several additional focusing lenses.” Surrounding the
perimeter of the plurality of focusing lenses is an array,
in wall-like arrangement, of light guide Ienses similar in
embodiment to the capping light guide lenses. All of
the lenses are joined in a unitary structure. Each of the
light -guide lenses is made up of a series of alternate
high and low refractive areas periodically spaced one
from the other. In this way the sun from all angles
strikes the reflective surfaces of the upper contoured
lens and at least one side of the wall lens thereby direct-
ing to the flat surface of the focusing lenses a high
incidence of solar radiation.

The focused solar radiation passes through an insula-
tion area, uninhibited, to the storage section. The stor-
age area, that may take alternate forms, comprises a
liquid and/or material that has a high rate of absorption
to the solar radiation and thereby converting the same
to heat. The insulation area comprises in the preferred
embodiment a liquid and salt solution. In operation
upon receipt of the heat from the adjacent storage area
the heat converts the liquid solution into horizontal
stratifications, a- homogeneous layer that in the pres-
ence of a temperature gradient above and below, be-
comes an internal nearly isothermal convective layer.

The utilization means is conventional in nature and
may take several known forms.

In contradistinction to the prior art, the solar radiant
energy heat source of the present invention is a primary
heat source. That is, if there should occur successive
days of low solar energy (cloudy) and the heat stored in
the storage section drops below a predetermined level,
the storage section will be activated by an auxiliary and
standard heat source.

The storage area is in fact the heat source for the
utilization means, and, which heat source receives its
primary and most of its activation from solar energy
and its supplemental energy if and when needed by a
standard source.

OBIJECTS

It is accordingly a principal object of the present
invention, to provide a new and improved solar energy
heating system that increases by several orders of mag-
nitude the amount of incident solar radiation

A further object of the invention is to provide a solar
energy concentrator that substantially increases the
amount of incident solar radiation at all angles of the
sun.

Another object of the invention is to utlhze a collec-
tor lens comprising a contoured upper lens and a plu-
rality of focusing lenses completely surrounded by light
guide lenses.

Another object of the invention is providing an insu-
lation area-between the focusing lens and a storage area
that is-a convective (heat loss) barrier to the storage
area but impervious to the solar radiant energy.

Another object of the invention is to provide a stor-
age section that is effecrively the heat utilization source
and which source can be implemented by other sources
of energy during extended periods of low solar radiant
energy.

Still another object of the present invention is to
provide a system that is highly efficient but yet not
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unrealistically large or bulky and that is relatively sim-
ple in construction and low in cost.

Other objects and features of the present invention
will become apparent from the following detailed de-
SCI‘lpt]OIl when taken in conjunction with the drawings
in which:

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is an overall cross sectional schematic view of
the preferred embodiment of the present invention.
FIG. 2 illustrates a preferred lens arrangement shown
generally as collector lens 20 of FIG. L. :
FIG. 2A through 2F are various alternate embodi-
“ ments of the light guide lens utilized in the present
"invention.

DETAILED DESCRIPTION OF DRAWINGS

With particular reference now to FIG. 1, there is
illustrated schematically a preferred embodiment of
the present invention, In its most fundamental form the
solar heater comprises a housing or enclosure 10, solar
energy concentrator 20, an insulation area 30, a heat
storage section 40, and a utilization means 50.

In principle of operation, the concentration lens ar-
rangement 20 is capable of directing a maximum
amount of solar radiation to a focusing lens. The solar
radiation is directed to the focusing lens from all angles
irrespective of the position of the sun overhead or on
the horizon.

The focused solar radiation passes through a heat
insulation barrier 30 to a thermal storage section 40.
The insulation barrier 30 is such that it does not inhibit
the solar radiation but does - as hereinafter described -
inhibit the passing of thermal radiation (convective
barrier). Once solar radiation is converted to thermal
radiation the “‘heat” is retained in the storage section
until otherwise depleted by the utilization means 50.

In actual operation the storage area 50 is the heat
source. With a given capacity and the extremely effi-
cient solar radiation concentrator lens 20, the storage
section 40 does generate and retain an extremely large
amount of thermal energy hereintofore not possible
with the prior art solar furnaces.

As very generally indicated above, the solar heat
system of the present invention is the primary source of
energy; however, and practically, it is not intended as
the sole energy source. That is, rather than the solar
heat source being supplemental to a conventional heat
source, the present invention provides for an auxiliary
source of heat energy to the solar heat source - when
and if needed. More particularly, when the thermal
gradient of the storage section 40 drops below a prede-
termined level, an auxiliary source 42 is activated. The
solar radiation source of the present invention is suffi-
cient, due to the efficiency of the solar radiation con-
centrator lens 20 and the insulator 30, to meet the daily
demands of a predetermined capacity. At night time
the thermal gradient of the storage area 40 will be
reduced by consumption - but not by heat loss of the
system. By supplementing the heat capacity of the stor-
age section 40 at night time (if neceded) the conven-
tional energy source would be called upon at low peak
load times - and, when the rates are lowest. With a
sufficient storage capacity of storage section 40 and
with no loss a prolonged number of days without sun-
shine can be tolerated.

In the event the storage section 40 should exceed a
certain predetermined thermal gradient such as can
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occur for extended periods of ““sunny” days a heat sink
41 to the storage section 40 is provided to dissipate the
excess energy. Additionally, a shutter arrangement,
temperature controlled in a conventional manner,
would be provided with collector lens 20.

The solar radiant energy lens 20 of FIG. 1 is shown
more explicitly (again schematically) in FIGS. 2, 2A,
2B, 2C, 2D, 2E, 2F, and 2G to which particular refer-
ence now may be had. As aforesaid the light guide lens
per se, utilized in the preferred embodiment, is that
shown, described, and claimed in our co-pending appli-
cation, Ser. No. 609,928, for “‘Light Guide Lens’” and
filed Sept. 3, 1975.

Basically each light guide lens in the array comprises
alternate areas of high refractive (transparent) material
254 xxx 25n and low refractive (refiective) material
27a xxx n as shown in cross section in FIG. 2 and in a
planar view in FIG. 2A. The dimensions of the low
refractive material are highly exaggerated and in actu-
ality are extremely thin, striplike with a very high pol-
ished surface. A thicker surface would, of course, be a
light block. In principle the light 12 (solar radiation)
incident on the array travels in a straight path through
the transparent (high refractive) material until it strikes
a reflective surface of the walls of the low refractive
material 27a xxx n. The light is then reflected back and
forth by the reflective surfaces of the light guide and
transmitted therefrom. The angle of the beam emitted
(transmitted light) is, of course, dependent upon the
wave length of the light, and the width and length of the
light guide.

In the preferred embodiment shown in FIG. 2 the
collector lens 20, in itself a unitary structure, comprises
an array of light guides in an upper or top capping lens
22, wall lens 21, and a plurality of focusing lenses 24,
26, and 28. In a flat lens array, such as shown in FIG.
2A, the highly reflective material 27a xxx n, in its sim-
plest form, will direct or guide the radiation linearly
(relative to the overall perpendicular) that is directly
downward. In that the sun is not directly overhead - in
the Northern Hemisphere - in the winter months, the
capping lens 22 of FIG. 2 is not a flat surface array as
shown in FIG. 2A but is angled or contoured as typi-
cally shown in FIG. 2E. The degree of the angle or
curvature may be controlled by the variable factors and
taking into consideration primarily the surface area of
the focusing lens 24. That is, the light radiation trans-
mitted from the light guides of the capping lens 22
strikes the focusing lens 24 uniformly over its entire
surface. Accordingly, the direction of the radiation
transmitted will remain constant although the angle of
the incident solar radiation will vary as the sun will be
moving from horizon to horizon.

With reference to FIGS. 2B -and 2C, the surfaces of
the reflective material 29a xxx n of the wall light guide
lenses are not linearly relative to each other but are
slanted in one direction for the one wall and in the
other direction for the other wall. In actuality the
slanted reflective surfaces provide the necessary direc-
tivity for the incident solar radiation. In other words the
light guides comprising the capping lens 22 are gener-
ally in the vertical and displaced from the vertical rela-
tive to the angles of the sun. ,

To increase the amount of incident solar radiation
striking the focusing lens 24, additional focusing lenses
26 and 28 are utilized in a stacked and spaced relation-
ship to focusing lens 24. The focusing lens 26 will re-
ceive the transmitted radiation from lens 24 and simi-
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larly lens 28 will receive the transmitted radiation from
lens 26. Surrounding the lenses 24, 26, and 28 and the
spacing therebetween is the light guide wall lens array
21. This lens 21, too, like the capping lens 22, is made
up of high and low refractive (transparent and reflec-
tive) material. Accordingly, in addition to the solar
radiation striking the capping lens 22, solar radiation
also strikes the reflective surfaces 29a xxx n of the wall
light guide lenses 21 to direct the solar radiation to the
surface of the focusing lenses 26 and 28.

As indicated above the angle of the solar radiation
transmitted (passing to focusing lens 24) is dependent
on the angle of the incident solar radiation, the wave-
length of the solar radiation and the width-and length of
the guide (reflective surface). The light guides com-
prising the capping lens 22 are generally .in the vertical
and displaced from the vertical relative to the angle of

the sun. Whereas, the light guides comprising the wall .

lens 21 are generally in the horizontal and displaced
from the horizontal relative to the angles of the sun.

In that the primary directivity of the capping light
guide lens 22 (in the vertical) is displaced 90° from the
primary directivity of the wall light guide lens 21 (in the
horizontal), it can be appreciated that the solar radia-
tion transmitted must be “bent” by the wall light guide
lens 21 to strike the flat surface of the focusing lenses
26 and 28. Accordingly, relative to the horizontally
displaced angle of the light guides of the wall lens 21,
the one side of the cylinder will have the guides in a
given direction such as that of FIG. 2C and the other
side of the cylinder will have the guides in the opposite
direction such as that of FIG. 2D.

The structure of the overall system of FIG. 1 and
particularly the collector lens 20 of FIG. 2 comprising
top lens 22 and wall lens 21 can take most any overall
configuration - round, square, cylindrical, and so on. In
the preferred embodiment of FIGS. 1 and 2, the wall
lens 21 is cylindrical and the top lens 22 is circular with
an angle peaking at the center, i.e., conical. The top
lens 22, too, may take other shapes such as curved:as
shown in FIG. 20 or with non-parallel surfaces such as
shown in FIG. 2E.

Referring again to the overall preferred embodiment

of FIG. 1 and particularly to the lens schematic of FIG.-

2, the focusing lenses 24, 26, and 28 may now be de-
scribed. The focusing lenses, similar to the capping lens
22 and wall lens 21, are a series of side-by-side light
guides as shown in FIG. 2F. As aforesaid, the hght
transmitted by the light guides of the lens array is
evenly distributed over a flat surface irrespective of the
angle of the sun. This is shown relative to the several
embodiments previously described. In the embodiment
of FIG. 2G the light guides are serially and periodically

part of a flat surface array. However, the reflecting -

surfaces 23a xxx 23n of the one side 21 are angled in a

direction opposite to the reflecting surfaces 24a xxx.

24n of the other side 25,

In operation, and again as above descrlbed the solar
radiation from a linear direction strikes the surfaces 21
and 25 uniformly throughout. However, due to the
angle imparted to the reflecting surfaces 23a xxx 23n of
the one side 21 and 24a xxx 24n of the other side 25 the
light is “bent” or directed inwardly to a central or focul
region. In the actual preferred embodiment the focus-
ing lens shown in the schematic of FIG. 2G is a cross
section of a circular configuration which' has a continu-
ous row of reflecting surfaces all directing the solar
radiation inwardly.
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The additional focusing lenses 26 and 28 in the pre-
ferred embodiment shown in FIG. 1 are Mmllarly con-
structed.

In certain applications for certain given periods of
excess “sun’ days, the accumulated heat within the
overall collector lens 20 may exceed a safe standard.
To limit the amount of incoming solar radiation a shut-
ter automatically responsive to temperature is movably
positioned over the dome 61 of the lens 22. This con-

-trols and limits the amount.of solar radiation entering

the lens arrangement 20.

Referring again to the complete embodiment of FIG.
1, the solar radiation focused by the focusing lens 24 is.
directed through the insulation area 30. The insulation
area 30 is in sealed engagement with the insulator 33 -
comprising a pair of plates with an insulating material
therebetween, the thermal storage 40, and the insu-
lated side walls 32. The purpose, and function of insula-
tion cavity 30 is to act as a heat convection barrier to
the thermal storage area - when the solar radiation has
diminished. That is, to “seal off” the thermal storage
area 40 from any heat loss but yet not inhibit the pas-
sage of the solar radiation received from the collector
lens arrangement 20 and equally heat when auxiliary
source 42 is-being utilized.

Particularly, the insulating area 30, in the preferred
embodiment, is a liquid container. The container com-
prises outside wall 32, bottom panel 33 positioned in a
sealed engagement with shoulder 224, and at its top the
focusing lens 24. The liquid comprises a solution 31 of
water and salt - in the preferred embodiment a 15%
NaCl solution.

In operation of the insulation cavity 30, as the solar
radiant energy is converted to thermal energy (heat),
the thermal radiation passes up through the bottom
panel 33 and to the liquid solution 31. As the heat
increases the soluability of the salt increases causing
the solution 31 to form into heat resistant layers - hori-
zontal stratification. The greater the heat the greater
the increase in soluability and hence the greater the
number of layers. This phenomena has been proven to
occur. With the salt layers of the preferred-embodi-
ment the heat loss from the thermal storage and in the

.- presence of temperature gradiant above and below in
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closed container, the liquid solution becomes an inter-
nal nearly isothermal layer.

With the salt layers of the preferred embodiment the
heat loss from the thermal storage section 40 has been
reduced to the.order of one percent (1%).

In that the normal *“tap” water - or even so-called
well water - is not pure H,O and in fact does contain
much foreign material and contaminants, it is necessary
that the liquid insulation tank 30 be periodically
flushed out. To accomplish the flushing operation there
is'provided a fresh water source with pump 36 tapped
into inlet 33, and a drain outlet 34. Additionally, a
continuous flow utilizing the inlet 32 and outlet 34 for
salt gradient maintenance is included in the preferred
embodiment.

As indicated above the solar radiation passes through
the insulation area 30 and into the storage section 40
where the solar radiation is converted into heat. Stor-
age section 40 is in essence also a closed sealed con-
tainer made up of side wall 42, bottom plate 45, and

-top plate 45. The container 40 is filled with a liquid or

solid material of a nature that “absorbs™ the radiant
energy. Such a material may be known to the art having
a high rate of absorption to solar radiation. With a




3,970,070

7
given material having a high rate of absorption to the
particular solar radiation the lens is designed to select
and pass that particular wavelength.

Positioned in the lower region of the thermal storage
section 40 is the heat collector and extraction assembly
47. The collector assembly 47 per se is conventional
and may take other known forms. Connected to both
sides of the collector plates 47 is the conductive ther-
mal transfer assembly in this instance a heat pipe 48. In

turn the heat pipe 48 is connected to heat utilization -

means 50 also conventional and commercially opera-
ble.

The solar heater of the present invention is intended

" as the primary heat source and may be utilized for the
home or commercially. The size of the unit - although
relative to other solar units is most small - would be
increased depending on the increased area to be
heated. However, with the extremely efficient collector
lens 20 in reality it is only the storage area that need be
increased. Alternatively, and more expediently, several
storage areas distributed throughout a given area may
be connected in tandum to provide a uniform heat
distribution.

It is appreciated, of course, that there may be periods
of time when the sun doesn’t ““shine” and this may be
especially devastating in the winter months when the
days are the shortest. Realistically then the solar heater
system of the present invention - although having a
much greater and effective storage system - cannot be
operable indefinitely. During those “dark” periods of
time when the temperature of the storage system drops
below a predetermined standard, an auxiliary heat
source 41 is thermostatically activated. This heat
source can be conventional such as electrical, or may
take some other form of energy.

“The overall construction of the solar heater of the
present invention may take most any geometrical con-
figuration - square, rectangular, oval, contoured, etc.
The preferred embodiment was chosen to be cylindri-
cal with a semi-flat top lens. The advantage of this
configuration is that the system and particularly the
lens need not be mechanically reoriented to “follow the
sun”. The lens is equally operative with the sun at any
angle from horizon to horizon and an any angle in the
north/south excursion.

The construction of the enclosure 10 comprises a
cover of clear glass or plastic dome 61 operable primar-
ily as a protective cover. This cover 61 is fixedly posi-
tioned and sealed to outside casing 62. The enclosure
62 comprises as a primary support a metal jacket 63
and an outer wall of insulating material 64 with an
outdoor finish. The walls 32 and 42 above-noted rela-
tive to the insulation area 30 and storage section 40 are
an inner wall liner of high temperature material. Insu-
lating material fills the void 65 between the metallic
casing 63 and the inner liner 32 and 42. The outside
and inner liners, and the metallic casing are joined in a
supporting relationship as shown at junction 66. How-
ever, prior to outside wall 64 joining with the support-
ing metallic casing 63, the inner liner 32, and the insu-
[ating material 65, the outer wall is formed into a sup-
porting collar 67. This permits the entire unit to be
supported structurally adjacent to the enclosure to be
heated.

Although only a specific and preferred embodiment
has been shown and described, it is understood that
modifications may be had thereto without departing
from the true spirit and scope of the invention.
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What is claimed is:

1. A solar heater comprising in combination:

an enclosure, -

a collector lens positioned in the uppermost region of
said enclosure, said collector lens comprising an
array of light guide lenses of alternate high refrac-
tive material and low refractive material and a
focusing lens;

a storage section positioned in the lowermost region
of said enclosure comprised of material having a
high rate of absorption to solar radiant energy to
thereby convert said solar radiant energy to ther-
mal radiant energy;

an insulating area positioned within said enclosure
intermediate of said lens and said storage area, said
insulating area further comprising a container with
a liquid solution therein that is transparent to solar
radiation and an isothermal convection barrier;
and :

said enclosure further comprising a liquid and air seal
to said lens, insulating area, and storage section;
and

utilization means for utilizing said thermal energy in
said storage section.

2. The solar heater of claim 1 wherein said collector
lens further comprises a plurality of spaced focusing
lenses in a stacked relationship.

3. The solar heater of claim 2 where said focusing
lenses each comprise a series of said light guides peri-
odically displaced from each other in an array and
wherein said light guides are directive to focus said
solar energy to a central region. :

4. The solar heater of claim 1 wherein said collector
lens further comprises an upper lens of a series of alter-
nately and periodically displaced light guides in said
array and a wall lens adjacent the perimeter of said
plurality of spaced focusing lenses of a series of said
light guides alternately and periodically displaced in
said array, and wherein said light guides are operative
to uniformly distribute said solar energy upon the sur-
face of said focusing lens.

5. The solar heater of claim 3 wherein the primary
directivity of each of said light guides for said upper
lens is in the vertical and wherein the angle of said light
guides is displaced from the vertical whereas the pri-
mary directivity of each of the light guides of said wall
lens is in the horizontal and wherein the angle of said
light guides is displaced from the horizontal.

6. The solar heater of claim 3 wherein said collector
lens is of a circular configuration and said wall lens is of
a cylindrical configuration and means for intimately
joining said lenses.

7. The solar heater of claim 1 wherein said liquid
solution of said insulating area comprises a water and
salt solution that in the presence of a temperature gra-
dient becomes an isothermal convective layer by hori-
zontal stratification.

8. The solar heater of claim 1 wherein said insulating
area container further includes a water inlet and water
outlet for providing salt gradient maintenance.

9. The solar heater of claim 1 wherein said material
in said storage area has a high rate of absorption to the
incident solar radiation.

10. The solar heater of claim 1 wherein said storage
section further includes an auxiliary heat source ther-
mostatically actuated to heat said storage area when

the heat dissipation exceeds a predetermined level.
* ok ok kX
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