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Apparatus for converting solar
energy to useful energy principally for ho-
me use. The apparatus provides a com-
plete system for receiving solar energy_
over a large area, e.g. 90 square meters;
concentrating the energy; and directing
the energy toward a target of a few square
feet at an extremely high temperature.
The receiving, concentrating and trans-
mitting apparatus consists of an array of
collectors (13) provided with mecha-
nisms (32) for tracking the sun. The col-
lectors (13) include a system of reflectors
and/or lenses (35, 50, 51) to first concen- Y/
trate and then direct the energy toward
the target (16). The system further inclu-
des a substantial storage chamber (20)
with means for circulating a fluid bet-
ween the target (16) and the storage
chamber (20) to transfer heat from the
target (16) to the storage chamber (20).
The system further includes means for
transferring the heat from the target (16)
and/or storage system (20) to a heat engi-
ne and electrical generator combination
{28) to create power for use on demand.
Heat transferred to the engine cooling
fluid is used for space heating and air con-
ditioning.
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WO 81/03220 PCT/US81/00544

Solar Energy Conversion Apparatus

This invention relates to a system for con-
verting solar energy to useful energy and is particu-
larly directed to a system for application to home
use wherein the solar energy is éollected and stored
at extremely high temperatures such that the sto;ed
-énergy can be used to satisfy all the year-round
energy requirements of the homeowner in most areas of
the country.

Background of the Invention

‘Much attention has been given recently to
the matter of converting solar energy to»a useful
form so as to reduce the dependenéy of mankind on
fossil fuels and nuclear energy. It is estimated
that several thousand patents have issued in the last
ten years as solutions or partial solutions to the
solar energy converting problem. Two general ap-
proaches to the solar energy conversion problem seem
to dominate the existing literature and practice on
the subject.

In one form collectors are provided for
mounting on the ground or on the roof of a dwelling.

The collectors consist of large reflectors covering
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a large area of the dwelling roof, the reflectors
being curved to focus the'sun's-rays onto a tube con-
taining a fluid to which the solar energy is trans-
ferred. The tubes éf arplurélity of collectors are
interconnected and the fluid contained there is
directed principally to a centrai heating aréa. Pro=-
. vision may be made for converting some of the energy
contained in the fluid ﬁo'electrical energy so as to
satisfy some of the energy requirements of the resi-
dent other than heat.

The system described above has a number of
disadvéntages. It is necessarily a low temperature
system without any'bapability of storing significant
quantities of energy for use on days when the sun is
not shining. The low:temperature heat is efficient
only for space heating. As a consequence, it is at

~best only a'suppleﬁent to the,forhs of enercy cur-
rently in use and is not suitable for year-round
supplying of energy. |

Additionally, the requirement of transmit-
ting the energy via fluid passing through substantial

 lengths of tubing'is disadvantageous in that the
exposure of the tubing, though inéulated, to ambient

temperature results in substantial heat loss. These
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heat losses prevent the system from attaining simul-
taneously the high temperature and high efficiency
needed for meeting the full energy needs of the
house.

Finally, the system does not easily admit
of the tracking of the sun by the collectors and thus
the sun's .rays do not. efficiently and directly impinge
upon'the collector system except during the limited
period of time. |

Another form for solar energy conversion
has been called a power tower. The power towers
which have been principally disclosed consist of a
plurality of reflectors mounted on the gfound or on
terraced structures built for that purpese to cover
a very sizeable area. A central target is provided
and the reflectors are arranged to reéeive energy
from the sun and direct it to the target in the
tower. Usually, provision is made for driving the
reflectors either individually or in groups so asAto
track the sun as it passes from horizon to horizon.

The power tower is a much more practical
type of energy converter in the ntilization of sys-
tems for tracking the sun and in the reflecting of

radiant energy directly to target as contrasted to
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the utilizationrof a fluid medium as described above.

For the'homeowner, the power tower hasrnot
been a feasible solution to the use of solar energy.
There has béen disclosed no practical way of collect-
ing the solar energy and dirécting it to a target
from whiéh the heat can be extracted. ' For example,—
it is impractical to have a tower placed in the mid-
dle of the owner's property to receive the radiant
energy from the collectors. No practical way has
been disclosed for coverting the energy received from
the target to useful energy which the homeowner can
use yéar-round.

Finally, for the power tower to be a success-
ful energy-converting system, the radiant energy
passing #hrough the atmosphere from the collectors
to the target would be of sﬁch great intensity that
it would endanger the living things in the area.

An objective of the present invention has
been to provide a solar eénergy system principally for
use with a dwelling for human beings, the sclar energy
system prbviding efficient utilization of solar
energy throughout the year. In most areas of the coun-
try, complete home energy needs can be provided year-

round without a back-up system.
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This objective is attained in part by
a collector array, mountable on a roof top, with
means at the collector for concentrating the im-
pinging solar energy and transmitting it in a com-
pact form to a nearby target. The collectors are
preferably mounted on a plurality of spaced bars
or carriers which are angulated in such a way as
to most efficiently capture the sun'‘s rays and direct
them efficiently to the target. ‘Means are provided
for rotating the carrier bars about first axes and
rotating the reflectors about second axes lying in
planes perpendicular to the first axes so as to
track the sun as it passes from horizon to horizon
and as it moves between its highest and lowest
points with respect to the horizon.

Preferably, the collector reflectors and/or
lenses are mounted above the carrier bar so as to
create a substantially unobstructed path of the sun's
energy onto the collector system and to the target.

The collecting concentrating and transmit-
ting system permits the disposition of a target at
about ground level and quite close to the dwelling
with which the system is used. Several advantages

are derived from this feature. The path of the con-
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centrated sun rays between the collector énd the
target can be effectively shielded so as to elimin-
ate the possibility of living things passing through
the path of those rays. VThe target can be located
quite close to the stofagerroom as Qell aé other
accessory élements such as eléctrical generating
systems so that loss of heat threugh convection is
minimized.

The severalrfeatures and objectives of
the invention will become more readily apparent from
the following detailed description'taken-in conjunc-
tion with the accompanying drawings in which: ‘

Fig. 1 is a diagrammatic'elevational view
taken from the west side of a dwelling; |

Fig. 2 is a diagrammatic elevational view
partly in section taken ffom the south of the dwéll—
ing;

Fig. é isra diagrammatic, side elevational
view of a group of collector units;
| Fig. 4 is a cross-sectional view taken
along lines 4-4.of Fig. 3 illustréting one collector
unit éf the group;

Fig. 5 is a qrosé—secﬁional_view taken

along lines 5-5 of Fig. 3 illustrating the group of
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collector units primarily in end elevation;

Fig. 6 is a diagrammatic cross-sectional
view of the portion of the system which includes the
target and the storage system;

Fig. 7 is a diagrammatic perspective view
with portions broken away illustrating the target;

Fig. 8 is a disassembhled perspective view
partly brpken away illustrating a target element;

Fig. 9 is a flow sheet of the solar energy
conversion system;

Fig. 10 is a graphic display of the manner
in which the total energy received is broken up'into
losses, energy used and the like over a twelve month
period;

Fig. 11 is a diagrammatic perspective
view of an alternative collector system; \

Fig. 12 is a diagrammatic perspective view
of an alternative collector and tracking system;

Fig. 13 is a diagrammatic top plan view of
an alternative layout for a solar energy system for .
a larger establishment;

Fig., 14 is a diagrammatic elevatiocnal view,

partly in section, of the establishment of Fig. 13.
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General Organization

The general organization of the system of
thé present invention is illustrated in Figs. 1 and
2. There, a dwelling 10 projecting above the ground
11 has a pitchedrroof 12.7 The invention could be
used with a dwelling having a flat roof, but such a
dwelling would reqiire a different arrangement for
the collector system, asrcanrbe seen with reference to
Figs. 137and 14. Mounted on the roof is an array
of collectors 13.7 Each collectér in the array-con-
centrates solar energy indicated at 14 and transmits
that ene?gy, as’indicated by the arrows 15, to a
ﬁarget 16. 'The target 16 is adjacent a storage room
20 which is located below ground level. Immediately
above the storage room and adjacent the target is a
power room 21 thch contaiﬁs accessory elements such

as an engine (preferably a Stirling engine) and gen-

‘erator combination 28 for converting the solar energy

to electrical energy. On the opposite side of the

target 16 a room is provided to contain power condition-

ing equipment, microprocessor controls and monitors,
electrical storage batteries, air conditioning unit,
vacuum pump, etc. which control and utilize the solar

energy.

i
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The collector array is preferably enclosed
by a transparent roof 25. The transparent roof ig
Preferably equipped with a cleaning System 26 con-
sisting of meang for discharging a stream of water
across the roof to wash away particulate material
which may have settled on the transparent roof between

cleaning periods. a similar eémergency protection

event of malfunction and in order to permit emergency
repairs to be made on the collector System. Alter-
natively and Preferably, a system of louvers 29 ig
positioned under the transparent roof 25. Tracking
means 32 (Fig. 3) are provided to maintain the plane

of the louvers pParallel to the sun's rays during normal
Operation. 1In €mergencies the tracking means 32 will
shift the louvers to a pbsition totally blocking out
the sun's rays, thereby shutting down the System.

The space 30 between the collector array 13
and the target 16 is surrounded by a shield 31 which
pPrevents any living thing from pPassing through the
area where highly concentrated sun's rays are £rans-

mitted to the target 16.
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In the eperation of the system, the incident
rays of solar eénergy 14 impinge upon the individual

collectors. The reflectors and/or lenses of the

individual collectors concentrate the solar energy

impingihg on a wide area into a small column of
energy which is directly transmitted to the target 16.
The combined effect of the celumns of radiant energy
from the several groups of collectors ﬁhich form the
array is to create an extremely high temperature at
the target of, for example, 815°C. 1a £fluid medium

such as air is'circulated around and through the

target, which acts as a heat exchanger, so that the

heat of the target created by the sun's energy is
given up to the air. The air is then forced through
the storage room where lt transfers its heat to a
storage medium such as rocks. Heat can be transmitted
directly from the target to the engine/generator com-
bination 28. Alternatively, heated air can be
directed from the storage room to the target and
thence to the engine/generator comb1natron in order
to generate the electricity needad to satisf§ the
general energy requirements in the dwelling during
periods when no sun impinges on the collector array.

The heat discharged from the engine to a
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cooling fluid may be used for space heating the
dweiling or may be used to supply energy for air
conditioning equipment in the summer.

Collector System

The collector system (Figs. 3, 4 and 5)
includes a plurality of priméry reflectors 35, the
reflectors being mounted in groups 36 (Fig. 2) on a
bar 37. Aas diagrammatically illustrated in Figs. 3
to 5, the bar 37 is mounted for rotation about a
tracking axis 38. A support frame 39 mounted on the
roof carries a pin 40 to which an arm 41 fixed to the
bar 37 is rotatably mounted. Another sﬁpport frame
42 moﬁnted on the roof adjacent the upper end of the
bar 37 carries a shaft 43 which is rotatably mounted
in the support frame 42. The shaft 43 has a pinion
gear 44 and has fixed to it an arm 45 which is in-
tegral with the bar 37. The pinion gear 44 is engaged
by a worm gear 46 which is driven by a tracking motor
47.

In the illustrated form of the invention,
each collector unit includes a pPrimary parabolic
reflector 35 and a secondary flat reflector 50. Inter-
pésed between the primary and secondary reflectors is
Fresnel lens 51. The reflectors 35, 50 and lens 51
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are carriedron a lever 52 which is pivoted at 53
tora post 54 projeéting from the carrier bar'37.

A tracking link 55 extends sﬁbstantially the length
of the bar 37 and is threaded at 56 at its upper
end. The threaded uppef end 56 is received in an
intérﬁally threaded sleeve 57 which is fixed to a -

shaft 58 of a tracking motor 59. The tracking motor

59 rotates shaft 58 causing the link 55 to extend or

retract which in turn causes the lens assembly to
pivot about an axis 60 (Fig; 4) at the pivot 53.

The secondary.refiector 50 is pivoted at
65 to the levervsz and has an arﬁ 66. The arm 66 is
pivotally connected at 67 to a link 68 which is -
pivoted at its other end at axis 69 to an extension
70 of the post 54. The link 68 is formed of two
elements 71 and 72 interconnected by a threaded
sleeve 73 which,permits the lengﬁh to be varied in
order to adjust the output direction of the secondary
reflector. The diStahce between pivot points 65 and
67 is twice that of the diétance between pivot points
53 and 69. Thus, when the tracking link 55 causes

the lever 52 and the primary parabolic reflector to

 swing through an angle, the sécondary reflector will

swing through half that angle with respect to the
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arm 32 in order to maintain the radiation from the
secondary reflecfor directed onto the target 16.

It appears to be extremely important that
there be a precise 2:1 ratio between the movement of
the secondary reflector 50 and the primary reflector
35 in order to prevent an undesirable beam divergence.
It would therefore be preferred to utilize a nearly
parallelogram linkage drlving a 2:1 gear at the
secondary’reflector rather than to have a pure link-
age system illustrated.

As best'seen in Figs. 3 and 4, the incoming
rays from the sun are parallel and impinge upon the
Primary parabolic reflector 35. There, the rays are
converted until they strike the Fresnel lens 51. The
Fresnel lens 51 converts the converging rays to
Parallel rays which impinge upon the secondary re-
flector 50 and are then directed ;n parallelism, as
at 15, toward the target 1l6. The fla+ reflector may
be given a slight curvature in order to tend to cause
the rays 15 to converge slightly in order to offset

any dive:gence due to distortion in the reflector and

disk. As shown in Fig. 5, the secondary reflectors

50 are in staggered relationship to one another so

. b Ut~:‘<"i C'/\.
c o me en wemmy oI \
- - E L b8 e e

_"»v'i',"a"?' -aui



10

15

20

WO 81/03220 ' PCT/US81/00544 , s

-14-

that the lower lenses of the group do not obstruct
transmission of radiant energy from the upper reflec-

tors.

To further correct for a divergence, it is
contemplated that a Fresnel lens be located immediate-

ly downstream of the collector system for the purpose

- of capturing stray rays and directing them toward the

target 16. The Fresnel lens has an aperture 64

through Which the main body of the concentrated rays

- pass directly toward the target 16. That aperture

64 isrsurrounded by the Fresnel lens portion 74 so
that thé divergihg rays are focuéed onto the target.
A sun locator 75, which is a commercially
available device, is mounted on each group in order
to detect the position of the sun and to generate
signals to the, tracking motor 47 of axis 38 and fhe
tracking motor 59 of axis 60 in order to cause the
primary reflectors to follow.the sun and receive as
directly as possible the radiant,énergy from the sun.
The axes 38, 60 are perpendicular to each other but
not necessarily in the same plane. As viewed in
Fig. 2, for the central group of reflectors, the
rotation of the éarrier bar about the axis 38 (azimuth -

tracking) primarily causes the collector group to
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follow the sun as it moves from the east horizon to
the west horizon. The pivoting of the levers 52
about theraxis'GO (elevation tracking) causes the
individual collector units to follow the sun in an
elevatiénal track as the sun moves between its lowest
and highest positions with respect to the horizon.
For the outboard group of reflectors, the tracking
eést to west and low to high is shared by the rota-
tions with respect to both axes. In either event, it
is the combined motions which keep the primary reflec-
tor directed at the sun all day.

In general, the collection system is of
lightweight deéign, since there are no forces on it
other than its own weight. Foamed and reinforced
pPlastics can be extensively used.

Target

The overall function of receiver or target
16 is to convert concentrated radiation into sensible
heat; send that +o the heat engine or to storage or
both; send stored heat to the engine when there is no
sun; and to do these at good thermal efficiency with-
out significant moving parts.

In the form of the invention illustrated in

Figs. 7 and 8, the target consists of a series of
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flat heat exchangers 80 which are interconnected in

a zigzag form as illustrated in Fig. 7. Each heat
exchanger has two sets of élots 81,’82. As viewed in
Fig. 7, the slots 81 in the downwérd—facing portions_
of the heat exchanger 80 are connected to tﬁe cir-
culation system for storage, as will be described in

more detail below. The slots 82 in the upwardly=

facing portions of the heat exchanger are connected

to accept the working fluid'of the heat enginé,'also
to be described in greater.detail beiow. The slots
for the storagersystemrare of substantially larger
size and greéter vélume than the élots for the
Sti;ling engine system. Since the latter form part

of the working volume of the engine, engine efficiency
is enhanced by low volume.. On the storage side this
constraint is absent, and'someWhat larger slots are
desirable to avoid clogging from partigulates.

Each group of siots has i;s own inlet
header (84, 85) and outlet header (86, 87), the
headexrs 84, 86 béing provided for the storage circu-
lation system and the headers 85, 87 for the engine
and génerator circulation system. The heat exchangers
may be formed from copper, stainless steel, ceramic,

graphite or composite materials.
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The orientation of the target is such that
the concentrated radiation 15 impinges on the plates
at acute angles to the surface of the plates. The
zigzag form gives a low frontal area for low heat
losses (re~radiation and convection) while giving
large fin area.

As illqstrated in Fig. 8, each heat ex-
changer plate is formed as a sandwich of an upper
plate 76, a middle plate 77 and a lower plate 78
with good thermalrconduct being maintaiﬁed.among all
plates. The space between the plates 76 and 77
carry fins 79 in comparatively spaced relation, the
fins 79 forming a V at a relatively acute angle. The
low volume fluid passing around the fins 79 through
the space between the plates 76 and 77 is directed
to the Stirling engine.

Similarly, between the plates 77 and 78 are
fins 79A, the fins 79A forming a V at a larger angle
than that formed by the fins 79. These fins 792 re-
ceive the air, at high volume, passing through the
space between the plates 77 and 78. The fins 79 and
79A should be integ;al with both adjacent plates be-
tween which they are secured. The fluid-passing
through that space pPicks up the heat created at the
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target and delivers it torétorage during the time
that the sun is shining on the system; At other
times, the fluid'conVeys heat from storage to the
target, giving,up'heat to the target which is in

turn picked up by the fluid passing through the al-
ternate space between plates 76, 77'which is directed

to the Stirling engine.

Storage Room (Heat Storageéystem)

| A typical storage room is illustrated in
Fig. 6. The storaée room is preferably located im-
mediétely;adjaéent theltarget 16 so that the system
will incur minimal heat lbsses due to transmission of
heat from the target to thé storage room. A blower
96 haviné a motor 897 is provided to force the cir-
culation of air between the target and the store
room. Air isrpreferred forrsimplicity;.ﬁuﬁ other
high temperatureffluids are not preclﬁded. Note
that this air is never cold. Typically it Qoﬁld
pick up heét at perhap57843°C. and deliver it to a
body already at 815°C. The storage room is totally
enclosed by walls 90 of insulative material. If
possiblé, the wallsrshould consist of dual walls
having space in between with provision for evacuating

the walls by means of a vacuum pump 91, as indicated.
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Contained within the storage room are
multiple compartments 92 containing a thermal media
88 in the form of bricks, rocks, or other material
which can absorb sensible or latent heat. Inlet
passageways 93 are provided for the flow of heated
air from the target into the storage room. The
passageways are perforated so as to permit flow of
the air from the passageways 93 into the compartments
32. Return passageways 94 are also provided. Return
passageways are also perforated so as to permit the
air, after it has given up its heat to the thefmal
medium, that is, the rocks, to pass into the return
passageways 94. The air returned from the storage
room through the passageways 94 would pass through
a passageway 95 into the inlet header 84 to the target
16 where additional heat is picked up from the target.

The same air circulation occurs for heat
withdrawal from storage, except éhen the target 16 is
slightly cooler and picks up heat.

The passageways to the headers 84, 85, 86,
87 are not illustrated in Fig. 6. It should be
understood that the passagéway 94 is connected to the
inlet header 84 and the passageways 93 are connected

to the outlet header 86 of the target 1ls6.

23 Rt Bt ol el VAN e g

N3

Yt

[}

[
L

T




10

15

20

WO 81/03220 PCT/US81/00544

-20-

In the power room an engine, preferably é
Stirliﬁg engine 100, is connected to a generator 101
to make up the engine/gene:;tor combination 28. The
engine/generator combination,is connected by way of
an inlet passageway 102 to the discharge header 87
of the target 16 and air is.returned to the target 16
by way of passageway 103 connected to the-inlet
header 85 of the target 16. |

Other means for utilizing the- heat of the
solar energy to drive an engine connécted to a genera-
tor in,ordér to geﬁeraterthe usable voltage would be .
well within the skili of the ért. So also would non~
heat-engine methods‘of electricity generation, such
as photoVoltaic, thermionic, and thermoelectric de-
vices. Heat engines are preferﬁed, however. Cascaded
types,'é.g., heat enginé’plus thermoelectric, are
also practical. Insulation iOSVinCLuding'a pivoted
cover llOrsurroundslmost of the target except for the
opéniﬁg 106 through which the collected sun's rays
pass. The pivoted cover is preferably.provided'with
automatic controls for opening and closing it during
periods when solar énergy is availablé and unavailable,
-respectively. The insulation also surrounds the hot
end of the Stirling engine. The openingrlOG méy be

.‘L‘;i 3~ .o.u?\-r:-; -
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covered by a window to inhibit heat losses by con-
vection and re-radiation when the cover 110 is open.
Operation

On any sunny day, the sun locator 75 will
control the motors 47 and 59 of each group of collec~
tors to rotate the bar 37 and +o reciprocate the link
55 in order to aim the primary refléctors with respect
to the sun so that they most efficiently capture the
heat of the sun's rédiations. Each primary refisctor
35 causes the sun's rays to converge and to pass
through a Fresnel lens associated with it. The
-parallel rays emanating from the Fresnel lens are then
refiected from a flat mirror directly to the target
16 in a very concentrated form. Because the reflec~ -
tor and lens system is located above the carrier
bar 37, there is only minimal obstruction and inter-
ference with the sun's rays impinging upon the array
of collectors. .

The combined effect of the array of collec-
tors directing sunlight to the target 16 is to raise
the temperature of the target 16 to approximately
845°C. and to deliver approximately 0.6 million ﬁtu
during an average winter day to the target. When'

the sun has passed below the western horizon, or when
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clouds appear, the cover 110 is closed over the tar-
get by photoelectric controi means so as to minimize
the escape of heat from the target, engine, storage
room and the like. The energy absorbed by the target
16 is picked up by the air whiéh continually flows
through the first éet,of slots él carrying thg heat
away £from the target. The thus heated air passiﬁg
through the storage room givés up the heat to the
thermal media 88. High temperature heat from the

system, that is, from the storage room or from the

- target itself, is used principally for driving the

engine which in turn drives the generator to create
eléctfical energy. Low temperature heat carried

from the engine by a cooling medium through a heat
exchanger system, not shown, is used for space heating
or for absorption-type air conditioniﬁg. In operation
it is preferred that the targgt‘IG be kept hot at all
times so that the Stirling engine has heat for
operation on demand.

During the spring months, the heat delivered
to the store.room is in excess of that which would be
required for normal daily usage. At the end of the
spring, the storage room should normally have approxi-

mately twenty-five days of stored heat for use with-
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out sunshine.

During summer and fall, the excess heat
may be used to generate surplus electricity for sale
to a utility network.

The curves of Fig. 10 illustrate generally

the energy which would be available during different

parts of the year. By way of example, the enerqgy
available in a typical year in St. ILouis, Missouri
is depicted. It is assumed that a single family
residence has a 99 sg. meter collector to receive
the solar energy.

The uppermost curve 112 depicts the Btu
emanating from the sun which, if unshaded, would im=-
pinge upon the collector. The curve 113 depicts
the energy actually impinging on the collectors.

The space between the curves 112 and 113 illustrate
average losses. arising out of shading by adjacent
collectors.

The curve 114 depicts the energy received
at the target 16. The space between the curves 113
and 114 represents the energy lost due to the optical
system involved.

The curve 115 depicts the actual energy

available for work. The space between the curves
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114 and 115 indicates the losses in the system which
are primarily storage losses. |

The curve]lﬁrillustrates the total demand.
It can be seen that the total demand is higher in 7
the winter and summer months‘due to the need for

gréater heating and cooling. For most of the year,

.the net.supply (curve 115) is greater than the total

demand Lcur&e 116).

Around December through February, the de-
ménd will be hormally greater than thé supply. A
section 118 which is cross hatched is indicative of
a diécharge from storage in order to supply the

energy requirement. It should be observed that the

~ energy in the cross hatched giea 118 is considerably

less than the excess'betwegn supply and demand in
the other areas and_hence there should always be a
comfortable amount of energy in sforage available
for use when the demand exceeds the daily supply.

The area cross hatched at 119, where supply
is greater than demand, indicates storage recharge.

When sufficient energy is in storage, the remaining

energy received which is in excess of demand generates

electricity which can be sold to local utilities.

That electrical energy is indicated at 120.
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Included below the total demand curve is
energy used for space and water heating, the elec-
tricity normally used in the home as depicted by the
block 121 and energy needed to operate an electric
vehicle indicated in the block 122.

The chart of Fié. 9 illustrates the manner
in which the energy is received from the sun and
converted to useful power in the system depicted in
Figs. 1-8. |

On a typical day, the sunlight, with losses
in the collection, concentration and transportation
from the collector to the receiver, delivers 580,000
Btu to the target 16. Of that, 42,000 Btu might be
sent to storage. The air carrying the energy is
circulated by a blower 125.

450,000 Btu are directed to the heat engine
28 driving thergenerapor t; create electricity for
home use, an electric automobile and any excess for
sale. A battery bank indicated at 126 is available
for surges beyond the capacity of the generator.

It is contemplated that air would be cir-
culated to the cool side of the heat engine and that
would deliver 272,000 Btu for air conditioning, water

heating, space heating and the like.
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In the event excess heatris developed at the
cool side of the heat engine and which cannot be
otherwise used, it could be dissipated through a water
system on the shaded side of the roof.

Alternative Embodiments

Fig. 11 illustrates an alternative optical
system. It includes a priﬁary reflegtor 130 which
receives the sun's rays diréctly. The'primary re-
flector concentrates that eéergy and reflects it onto
a secondary reflector 131. Generally'parallel rays
from the secondary reflector are directed to a ter;
tiary reflector 132 located within a housing 133. A
suitable carrier 134 for a plurality of the reflec-
tors just described is provided and a ﬁ?ackingrlink
135 is provided té enable the reflector system to

follow the sun as previously described. 1In this

embodiment, the sun's rays are directed to the target

16 generally below the reflector system as contrasted
to the originalrembodiment. The path of the rays to
the target 16 is through a protective housing 133.

In the §revious embodiments, groups of
collector systems have been ganged together on a
common carrier bar, such as bar 134, and the reflec-

tors track the sun in unison through the rotation of
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the carrier system for the reflectors.

In the embodiment of Fig. 12, a system is
diagrammatically illustrated in which units are pro-
vided with independent tracking means. A primary
reflector 140 directs incoming rays through a Fresnel
lens 141 to a secondary reflector 142 and thence to
target 16. This reflector system is mounted, along
with as many other reflector Systems as are required,
on a frame 144 b§ means of a bracket 145. The bracket
carries a motor 146 operating through a gear train
147 and rotates the reflector system to follow the
sun from horizon to horizon. ‘

A motor 149 is connected to the primary
reflector‘and a linkagé system 148 is provided to
cause the reflector system to track the sun from
its lowest to its highest points on the horizon.

A wide vafiety of reflector systems can
also be created without departing from the scope of
the present invention which has as a primary concept
a collector system in which the energy is concentrated
by the reflectors and directed in a concentrated
form to a target. |

The previous embodiments have contemplated

a solar energy system for a single dwelling, the
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system being located on the pitched roof of the
dwelling,

Alternative systems for different types of
buildings are within the scope of the present inven-
ticn. Ohe such alternative system is depicted in
Figs. 13 and 14. ‘There, a laréé building, perhaps an .
industrial building,'is indicated at 150.

The flat roof of the building has two sets
of reflector systems 151, the reflector systems
being oriented to direct a concentrated beém toward
reflectors 152 and 153 at the corners of the building.
At the base of each end of the building a target
154 and 155 is located, each target being associated
with other-eqﬁipment of the type previously described,
including a storage area 156, 157,

In addition té the configuration thus far =
described, it should be understood that the collector
systems would not have to be mounted on the roof of
the building for which they are designed. Rather,
they could be mounted on the ground. However, since
the system of the present invention is primarily for
use iﬁ heating single family residences, in some
situations the mounting of a ¢ollector system of the

order of 90 sg. meters on the groundralso would
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require extra shielding to prevent inadvertent con-

tact by living things.
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(1) In a solar energy conversion system, a
coilector for receiving solar energy, écncentrating it,
and thereafter transmitting it to a target comprising,
a plurality of radiant energy collecting
and concentrating subsystems,
means for mounting said systems on a
plurality of bars,
| means for mounting said bars in spaced
relation to each other with the individual collector
subsystems being’oriented to rebeiﬁe radiant energy
from the sun and to_difect said energy to said
target, |
means for rotating on one axis said bars to
cause said collector systems to track the sun,
means for rotating said collectpr systems
on another axis onbrespectiverbars to track the sun,
’ .whereby the collector system follows the
sun from horizon to-horizon to receive the.sun's rays,

concentrate them and direct them onto a small target.
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(2) A solar energy conversion system compris-
ing,

a target for receiving concentrated radiant
solar energy,

means associated with ;aid target for con-
verting said solar energy to a desired useful form,

and means for concentrating said energy
and directing it to said target, said concentrating
means comprising,

a plurality of carriers mounted side=-by-
side,

a plurality of energy concentrating units
mounted on each carrier, each unit having means (a)
to receive radiant energy from the sun, (b) to con-
centrate that energy into_a small beam no greater
than anut one-half the area of the receiving unit
upon which the suﬁ impinges on each recéiving unit,
and (c) to direct said beam to said target,

azimuth tracking means for rotating each
carrier about a first axis,

elevation tracking means for rotating each
unit about a seconé axis perpendicular to said first
axis,

said two tracking means causing said units

) OMPI
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to follow the sun as it moves throughout the day.

(3) A solar energy con?ersion,system for a
dwelling having a roof, the system comprising,

a small target for receiving concentrated
solar energy and located close to said dwelling,

5 o 'a storage system close to said target for
recéiving and storing ﬁeat‘transmitted from said
tafgét in the form of a hot fluid,

said target including means for convei?ing
radiant energy impinging on said target to a hot
10 fluid and for directing.said fluid to said storage
— system,
an array of individual collectors mounted
on the rodf df said dwelling,
each collector being oriented to collect
15 radiant energy frém the sun to concentrate said energy
and, after concentrating said energy, to direct-said
concentrated energy to said target,..
means for rotating each said collector in
two planes pérpendicular to each other to track the

20 sun as it moves from horizon to horizon.
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(4) A solar energy conversion system as in
Claim 3 in which said collectors are mounted on a
plurality of bars, said bars being mounted on said
roof in spaced relation to each other,

5 means for rotating said bars about one
axis and for rotating said collectors about a second

axis to track the sun.

(5) A solar energy conversion system as in
Claim 4 in which each collector comprises,
a support pivoted to said bar for movement
about said second axis,
5 . a primary reflector mounted on said support,
and a secondary reflector pivotally mounted
on said support for moveﬁent about an axis parallel
\éo said second axis, means for rotating said second-
ary reflector at one-half the speed of said primary
10 reflector,
said.primary reflector receiving energy
from the sun and transmitting it via said second

reflector to said target.

————
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(6) A solar energy conversion system as in
Claim 5 in which said primary reflector is parabolic
and of substantial dimension so that the array of
reflector units collectively ;eceive a substantial
amount of energy,

. a Fresnel lens interposed between said
primary and secondéry refléctor,

said secondary reflector being generally

- flat and substantially smaller than said primary

reflector.

(7) The system as in Claim 3 further comprising

a shield surroﬁnding the path of said concentrated

energy from said collector to said target.

(8} The system as in Claim 3 in which said tar-

get is located in the ground adjacent said dwelling,
and shielding means extending from the

roof to the ground and surrounding the path of said

concentrated energy from said collector to said

target.:
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(9) The system as in Claim 3 further comprising,
a transparent housing overlying said array
of collectors to protect them from particulate matter
in the atmosphere,
and means for cleaning dust frop said

housing.

(10) The system as in Claim 3 further comprising,
means for covering said collector with
opaque material for temporarily shutting said system

down.

(11) The system as in Claim 10 in which said
covering means comprises a louvered screen and means
for normally maintaining said louvers parallel to

the sun's rays.
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(12) The system as in Claim 3 in which said
target comprises,
a housing which presents arlarge surface
area for impingement of said concentrated energy,
at least one passagewéy in said housing,
and a plurality of fins ig said passageway, and
means for circulating a fluid between said
target and said storagé system to transfer heat from

said target to said storage system.

(13) The systemras in Claim 3 in which said
target comprises, ‘
‘a housing which presents a large éurface
area for impingement of said concentrated energy,
two passageways in said housing, and

inlet and outlet headers for said passage-

ways.
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(14) The system as in Claim 13 further compris-
ing a heat engine and electrical generator,

means connecting one of said passageways
to said heat engine to circulate fluid from said
passageway to said engine,

means connecting therother of said passage-
ways to said storage system to circulate fluid from

said passageway to said storage system.

(15) The system as in Claim 12 further comprising,
an engine and electricity generator combin-
ation,
means for conveying heated fluid selectively
from said target and said storage system to said
engine to provide energy to operate said engine and

said generator, thereby producing useful electricity.

SUREAT
OMPI

Tt o



. WO 81/03220 PCT/US81/00544

-38~

(16) The system as in Claim 3 in which said
target comprises,
a housiﬁg consisting of a sandwich of three
spaced parallel plates having a zigzag configuration
5 to create two péssageways in the spaces between said
piates, |

fins in said passageways connected to said

plates,
and inlet androutlet headers for said
10 . passageways.
(L7) - A conversion system as in Claim 2 further
comprising,

lens means between said concentrating units
and said target to further concentrate said energy

5 before it impinges on said target.
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(18) A conversion system as in Claim 3 further
comprising,

an insulative housing substantially entirely
surrouhdipg said target,

an opening in said housing through which
concentrated energy from said collectors passes to
impinge upon said target,

and an insulative cover mounted on said
housing and adapted to close said opening during

periods when no solar energy strikes said collectors.

. {19) The system as in Claim 15 in which saigd

engine has a hot side to which air from said target

and storage system is directed +o drive said engine,

and a cool side from which waste heat is exhausted,

means connecting said cool side to apparatus
in said dwelling for utilizing said waste heat for

space heating and the like.
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(20) A solar energy conversion system comprising,
-a target for receiving concentrated solar
energy,
a plurality of individual collectors mounted
5 in an array and spaced from said target,
each collector being oriented to collect
radiant energy from the sun to concentrate said energy
at the collector and, after ;oncentrating said energy,
to direct said concentrated energy to said target,
10 means for rotating each said collector in
two planes perpendicular to each other to track the

sun as it moves from horizon to horizon.
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