US 20080156315A1
a9 United States

a2y Patent Application Publication o) Pub. No.: US 2008/0156315 A1

Yangpichit (43) Pub. Date: Jul. 3, 2008
(54) SOLAR CHIMNEY WITH INTERNAL SOLAR (52) US.Cl .ot 126/698
COLLECTOR

(76) Inventor: Pitaya Yangpichit, Bangkok (TH) (57) ABSTRACT
Correspondence Address: A solar chimney includes a solar collector which heats air in
WILLIAM H. EILBERG the chimney, producing updrafts which can be harnessed to
THREE BALA PLAZA, SUITE 501 WEST perform useful work. The solar collector may be located
BALA CYNWYD, PA 19004 inside or outside the chimney. The device may include a
reservoir for storing a heat transfer fluid, thus enabling the
(21) Appl. No.: 11/619,273 device to be used during both day and night. The solar chim-

ney may be equipped with both internal and external solar

collectors, operating in parallel. The solar chimney may also

be equipped with multiple external solar collectors, con-

nected in parallel to a reservoir. The solar chimney of the

(51) Int.CL invention provides a convenient and practical way to convert
F24J 2/08 (2006.01) solar energy into electrical power.

(22) Filed: Jan. 3, 2007

Publication Classification




Patent Application Publication Jul. 3,2008 Sheet 1 0of 18 US 2008/0156315 A1

FIG.1




Patent Application Publication Jul. 3,2008 Sheet 2 of 18 US 2008/0156315 A1

FIG.2



€0Old

US 2008/0156315 A1l

\h\\ 2

Jul. 3,2008 Sheet 3 of 18

A%Z!«

Lk

el

Patent Application Publication



Patent Application Publication Jul. 3,2008 Sheet 4 of 18 US 2008/0156315 A1

11

10

17

9 15 19
- 25
a/ 3 1
|||||:::::::: -7 X 8
WL \
E[E 5 °
13 21
23 Top View
FIG.4A
17 11 9 21

\ 19
o) 23 \m I

e

4

N\

mye,
y

Side View

FIG.4B



US 2008/0156315 A1l

Jul. 3,2008 Sheet S of 18

Patent Application Publication

FIG.5



Patent Application Publication Jul. 3,2008 Sheet 6 of 18 US 2008/0156315 A1

39
Top View
39
Z/liB
>_A, 4
Side View

3N

[o]e]

00,

33

FIG.6A

33

37

35

12N

3

[o]v)

00

FIG.6B



Patent Application Publication Jul. 3,2008 Sheet 7 of 18 US 2008/0156315 A1

43

i FIG.7



Patent Application Publication Jul. 3,2008 Sheet 8 of 18 US 2008/0156315 A1

R \
713
I
S n A
Side View 43




Patent Application Publication Jul. 3,2008 Sheet 9 of 18 US 2008/0156315 A1




Patent Application Publication

79

Jul. 3,2008 Sheet 10018  US 2008/0156315 Al

External Solar Thermal collector with solid thermal conductor.
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SOLAR CHIMNEY WITH INTERNAL SOLAR
COLLECTOR

BACKGROUND OF THE INVENTION

[0001] This invention relates to the production of electric
power, or other useful work, from solar energy.

[0002] Inasolar chimney, energy from the sun heats the air
in an elongated, enclosed vertical structure, so as to create an
updraft in the structure. The moving air can then be used to
drive a turbine to produce electric power, or it can be made to
perform other useful work. A solar chimney has the advantage
that it does not depend on the presence of wind, but requires
only sunlight as the source of energy.

[0003] Examples of solar chimneys, as shown in the prior
art, are given in U.S. Pat. Nos. 3,979,597, 4,275,309, 4,331,
042, 4,433,544, 5,381,048, 6,016,015, 6,089,021, 6,772,593,
and 7,026,723, the disclosures of which are incorporated by
reference herein.

[0004] The present invention provides improvements over
the solar chimneys of the prior art. The solar chimney of the
present invention concentrates incident solar radiation into a
high-intensity beam which can be directed or focused onto a
collector. In one embodiment, the system of the present
invention can be used to generate power even during night-
time.

SUMMARY OF THE INVENTION

[0005] In a first embodiment, the solar chimney of the
present invention comprises a solar collector located within
the chimney. Solar radiation from outside the chimney is
concentrated by a reflector, or its equivalent, and passes
through an aperture in the chimney wall. The aperture may
include a lens, or the lens may be omitted. The concentrated
solar radiation impinges on a collector which distributes
absorbed heat to a heat exchanger, also located within the
chimney. Air in the chimney is heated by convection, due to
the temperature difference between the heat exchanger and
the surrounding air. The heating of the air produces an updraft
in the chimney. The updraft comprises a stream of moving air
which can be used to perform useful work.

[0006] The heat exchanger could be a fixed structure, or it
could comprise a plurality of vanes which rotate relative to the
chimney, either under the power of a motor, or by free rotation
under the influence of the updrafts in the chimney.

[0007] In another embodiment, the solar collector is
located outside the chimney, while the heat exchanger is
located inside the chimney. Heat absorbed by the collector is
conveyed to the heat exchanger, either with a solid heat con-
ductor, or by a heat transfer fluid.

[0008] In another embodiment, the solar chimney includes
a reservoir having two or more compartments, the system
being usable during both day and night. During the day, heat
transfer fluid is pumped from the reservoir, and into a solar
collector, where the fluid absorbs heat from solar radiation.
The heated fluid is then conveyed into a heat exchanger
located within a chimney. The fluid, which has given up some
of'its heat to the heat exchanger, but which is still relatively
hot, is returned to the reservoir, and is stored in a different
compartment from the one from which the fluid was initially
withdrawn. During the night, heat transfer fluid is conveyed
directly from the reservoir into the heat exchanger in the
chimney. Thus, an updraft in the chimney can be produced
even during the night. The compartments of the reservoir are
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defined by one or more movable partitions which provide
mechanical and thermal separation between compartments.
[0009] In another embodiment, the solar chimney may
include both an internal solar collector, located inside the
chimney, and an external solar collector, located outside the
chimney and connected to transfer heat to a heat exchanger
within the chimney. Both the internal collector and the exter-
nal collector operate in tandem.

[0010] Instill another embodiment, the solar chimney com-
prises multiple external solar collectors, the solar collectors
providing heat to the fluids in a multiple-compartment reser-
voir, the system being usable during both day and night.
[0011] The present invention therefore has the primary
object of providing a solar chimney, in which solar energy
heats air in the chimney, causing updrafts which can be har-
nessed to perform useful work.

[0012] The invention has the further object of providing a
solar chimney in which the solar collector and heat exchanger
are located within the chimney.

[0013] The invention has the further object of providing a
solar chimney in which a solar collector, external to the chim-
ney, provides heat to a heat exchanger located within the
chimney.

[0014] The invention has the further object of providing a
solar chimney which is capable of operation during both day
and night.

[0015] The invention has the further object of providing a
solar chimney having both internal and external solar collec-
tors.

[0016] The invention has the further object of providing a
solar chimney having multiple external solar collectors, the
collectors being connected in parallel to feed a reservoir, the
solar chimney being usable during both day and night.
[0017] The invention has the further object of improving
the efficiency of a solar chimney.

[0018] The invention has the further object of providing an
improved device for harnessing the energy of the sun to do
useful work.

[0019] The reader skilled in the art will recognize other
objects and advantages of the present invention, from a read-
ing of the following brief description of the drawings, the
detailed description of the invention, and the appended
claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] FIG. 1 provides a cut-away perspective view of a
combined solar collector and heat exchanger, together with
means for concentrating solar energy, made according to the
present invention.

[0021] FIG. 2 provides another perspective view of the
combined solar collector and heat exchanger of FIG. 1.
[0022] FIG. 3 provides yet another perspective view of the
combined solar collector and heat exchanger of FIG. 1.
[0023] FIG. 4A provides a cross-sectional view, taken from
the top, of the combined solar collector and heat exchanger of
FIGS. 1-3.

[0024] FIG. 4B provides a cross-sectional view, taken from
the side, of the device of FIG. 4A.

[0025] FIG. 5 provides a cut-away perspective view of a
combined solar collector and heat exchanger, made according
to the present invention, wherein solar energy enters the
device through an aperture having no lens.

[0026] FIG. 6A provides a cross-sectional view, taken from
the top, of the device shown in FIG. 5.
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[0027] FIG. 6B provides a cross-sectional view, taken from
the side, of the device shown in FIG. 5.

[0028] FIG. 7 provides a cut-away perspective view of
another embodiment of the present invention, wherein the
absorptive coating and target substrate rotate relative to the
body of the combined solar collector and heat exchanger.
[0029] FIG. 8A provides a cross-sectional view, taken from
the top, of the embodiment shown in FIG. 7.

[0030] FIG. 8B provides a cross-sectional view, taken from
the side, of the embodiment shown in FIG. 7.

[0031] FIG. 9 provides a cut-away perspective view of
another embodiment of the present invention, in which the
solar collector is external to a chimney.

[0032] FIG. 10A provides a cross-sectional view, taken
from the top, of the embodiment of FIG. 9.

[0033] FIG. 10B provides a cross-sectional view, taken
from the side, of the embodiment of FIG. 9.

[0034] FIG. 11 provides a cut-away perspective view of
another embodiment of the present invention, in which the
solar collector is external to the chimney, and in which heat is
exchanged through a heat transfer fluid.

[0035] FIG. 12 provides a cross-sectional view of the
embodiment of FIG. 11.

[0036] FIG. 13A provides a cross-sectional view, taken
from the side, of the solar collector portion of the embodiment
of FIG. 11.

[0037] FIG. 13B provides a cross-sectional view, taken
from the top, of the solar collector portion of the embodiment
of FIG. 11.

[0038] FIG. 14 provides a schematic diagram of another
embodiment of the present invention, this embodiment
including a reservoir for storing heated fluid, for day/night
operation.

[0039] FIGS. 15A, 15B, and 15C provide schematic dia-
grams illustrating the operation of the system of FIG. 14 in
daytime and nighttime, and showing the change-over from
one mode to the other.

[0040] FIG. 16 provides a partly schematic, and partly
cross-sectional diagram showing details of the reservoir used
in the embodiment of FI1G. 14.

[0041] FIG. 17 provides a schematic diagram of another
embodiment of the present invention, in which internal and
external solar thermal collectors operate in tandem or indi-
vidually.

[0042] FIG. 18 provides a schematic diagram of another
embodiment of the present invention, wherein multiple solar
collectors are used, in parallel, to feed a reservoir.

DETAILED DESCRIPTION OF THE INVENTION

[0043] FIGS. 1-3 and 4A-4B illustrate an embodiment of
the present invention in which a solar collector and heat
exchanger are provided as a single unit located inside a gen-
erally cylindrical chimney. The chimney comprises an enclo-
sure for the solar collector and heat exchanger. Solar reflector
1, located outside chimney 10, concentrates sunlight into a
high-intensity beam, which passes through lens 3. The lens,
which is held by lens holder 4, serves as a means for allowing
solar energy to enter the chimney. The lens refocuses the
beam through aperture 5, located inside the chimney. The
aperture could be made of the same material as that of the
chimney, or it could be made of special heat-resistant mate-
rial.

[0044] The focused solar radiation impinges on absorptive
coating 7 disposed on target substrate 9. The absorptive coat-
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ing comprises a material which facilitates the absorption of
solar energy. The target substrate is in thermal contact with
primary fins 11, and is in indirect thermal contact with sec-
ondary fins 13. The fins provide a heat exchange surface for
heating convected air passing through the chimney. Energy
transfer is effected between the hot surface of the solar ther-
mal collectors and the surrounding air, due to the temperature
differential.

[0045] Scattered incident solar radiation is absorbed by
another absorptive coating 23 located on the inside surface of
inner casing 15. Such heat absorption heats the inner casing,
and thus also heats the secondary fins 13. Radiation emitted
by the inner casing is reflected back onto the inner casing and
secondary fins 13 by the reflective inner surface 17 of the
outer casing 19 of the chimney. Insulation layer 21 prevents
loss of heat due to conduction.

[0046] The device can also be provided with a fusible wire
25, disposed along the periphery of the aperture of the chim-
ney, which would cause the reflectors to be switched off in the
event of mis-focusing of the high-intensity beam, thus pro-
viding the chimney with a safety device comprising an emer-
gency shut-off mechanism.

[0047] The solar energy collected within the chimney heats
the air in the chimney, creating an updraft which can then be
used to drive a turbine to produce electricity, or to perform
other useful work.

[0048] FIGS. 5, 6A and 6B illustrate another embodiment
of the invention. This embodiment is similar to that of FIGS.
1-4, except that the solar beam is not focused by a lens.
Instead, the solar radiation is simply directed through an
aperture 31 formed in the wall of the chimney. The aperture
may be fitted with a window 33, comprising a transparent or
translucent material. The window thus allows solar energy to
enter the chimney, while effectively sealing the enclosure by
preventing air from entering. The inner casing 35 also has an
aperture 37. The other components are similar to those of the
embodiment of FIGS. 1-4, except that the target substrate 39
is displaced, compared to its position in the previous embodi-
ment, due to the fact that the incoming beam is not focused by
a lens.

[0049] Both the embodiment with a lens and the embodi-
ment without a lens are useful, but the embodiment including
the lens is considered preferable. A lens causes the incoming
rays to diverge upon entering the chimney. The divergent rays
then fall upon a larger area of the target substrate. The larger
the area, the more energy the substrate can absorb, resulting in
greater overall heating of the air in the chimney, and thus
resulting in the production of more more powerful updrafts. A
lens also inherently prevents the intrusion of air into the
chimney, so the lens thus serves both the purpose of focusing
the rays and of keeping air out of the chimney. The only
disadvantage is that the lens is more expensive than the simple
window. In these embodiments, both the lens and the window
comprise means for allowing solar radiation to enter the
enclosure defined by the chimney.

[0050] Other means for directing solar energy into the
chimney could be used instead of what is shown in the draw-
ings. For example, sunlight could be directed into the chim-
ney by a series of mirrors, a series of lenses, or light tubes, or
some combination thereof.

[0051] Another embodiment of the invention is shown in
FIGS. 7, 8A, and 8B. In this embodiment, the target substrate
and its absorptive coating rotate relative to the fixed chimney.
Vanes 43 define the target substrate, the target substrate hav-
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ing an absorptive coating (not explicitly shown). The vanes
are mounted for rotation on shaft 41. The other components
are similar to the embodiment of FIGS. 1-4. This embodiment
could also be applied to the arrangement of FIGS. 5-6.
[0052] Rotation of the target substrate, in the embodiment
of FIGS. 7-8, could be accomplished automatically, i.e. by
allowing the structure to rotate freely under the influence of
the updraft in the chimney. Alternatively, rotation could be
caused by a motor. Arrow 45, which indicates the direction of
rotation, is also intended to represent a motor for causing such
rotation. The rotation of the vanes provides greater turbulence
inside the chimney, resulting in higher heat flux to the con-
vected air. The solar collector could also be provided with a
combination of rotating and stationary elements.

[0053] FIGS. 9, 10A, and 10B show another embodiment
of the invention, wherein the solar collector is external to the
chimney. A solar reflector 61 directs a high-intensity solar
beam through glass 63 held by window frame 65, formed in
container 67. The container is a sealed enclosure, and may be
metallic or non-metallic. The container is depicted as a cyl-
inder, but it could have other shapes. The beam entering the
container then passes through lens 69. The focused solar
radiation impinges on absorptive coating 71 of target sub-
strate 73. The target substrate conducts heat, through a solid
heat conductor 75 to a heat exchanger 77 located within
chimney 79. The heat exchanger 77 is surrounded by a reflec-
tive casing 78 which reflects radiation emitted by the heat
exchanger. The reflective casing 78 is fitted with fins 74 to
improve the heat transfer. Chimney 79 may be insulated.
[0054] The container 67 includes an inner casing 81 which
preferably has an absorptive outer coating, for absorbing
scattered incident solar radiation. The inner casing may also
have a reflective inner surface that reflects scattered incident
radiation back onto the absorptive coating 71 of target sub-
strate 73. The outer casing of the container may also include
areflective inner surface, for reflecting emitted radiation back
to the inner casing. The container is preferably evacuated and
totally insulated to reduce or eliminate convective and con-
ductive heat loss.

[0055] Solar energy directed onto the collector is thus con-
verted into heat, in the collector, transferred to the chimney,
and then used to heat the air in the chimney, forming the
desired updraft for performing useful work.

[0056] FIGS. 11-13 illustrate another embodiment of the
invention, wherein the solar collector is again external to the
chimney, and wherein heat from the solar collector is trans-
ferred through a heat transfer fluid. In this embodiment,
reflector 91 directs a high-intensity beam of solar radiation
through window 93 of container 95. The container is prefer-
ably sealed and evacuated. The beam passes through aperture
97 in intermediate casing 99. The beam is then refocused by
lens 101 onto absorptive coating 103 of target substrate 105.
The target substrate is thereby heated.

[0057] Scattered incident solar radiation is absorbed by
absorptive coating 107 of inner casing 109, thereby heating
the inner casing. Emitted radiation is absorbed by absorptive
coating 111 disposed on the inside surface of intermediate
casing 99. The outer casing 113 has a reflective inner surface
118 which reflects radiation emitted by the intermediate cas-
ing 99 back onto the intermediate casing. Heat transfer fluid
coils 115,117, and 119 are attached to intermediate casing 99,
inner casing 109, and target substrate 105, respectively. Heat
transfer fluid enters the container, first conveying thermal
energy away from intermediate casing 99, then from inner
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casing 109, and finally from target substrate 105. The heat
transfer fluid coils are in fluid connection with the same fluid
conduit which conveys the fluid between the solar collector
and the heat exchanger in the chimney. As the heat transfer
fluid carries the heat, it becomes progressively hotter, and
leaves the collector at its highest temperature before transtfer-
ring thermal energy to ambient air at the heat exchanger
within chimney 121.

[0058] The heat transfer fluid may be circulated by a pump
(not shown), or by a passive means, such as a thermosiphon,
wherein liquid circulates in a vertical closed-loop system,
without a pump, due to natural convection.

[0059] As in the previous embodiments, the thermal col-
lectors can be either metallic or non-metallic. They are pref-
erably evacuated and totally insulated to reduce or eliminate
convective and conductive heat loss.

[0060] FIG. 14 illustrates an embodiment of the invention
suitable foruse in both daytime and nighttime operation. FIG.
14 illustrates the general operation; specifics are shown in
FIGS. 15A-C. In brief, during the daytime, heat transfer fluid
is pumped, by pump P1, from reservoir 201, through valve
V1, and into external solar collector 203. The heat transfer
fluid receives heat in the solar collector, and then flows out of
the collector and into a heat exchanger located inside chimney
205. The heat transfer fluid gives up heat, in the chimney, to
the air surrounding the heat exchanger, and then flows back to
the reservoir. During the nighttime, valve V1 is closed and
valve V2 is opened, causing stored heated fluid from the
reservoir to flow directly into the chimney, where heat from
the fluid is transferred to surrounding air in the same manner.
The fluid then returns to the reservoir.

[0061] Thus, the valves, conduits, and pump together com-
prise means for directing heat transfer fluid between the res-
ervoir, the solar collector, and the heat exchanger in the chim-
ney.

[0062] FIGS. 15A-C illustrate the operation of the arrange-
ment of FIG. 14 in more detail. Consider first the operation
during the day, illustrated in FIG. 15A. In this case, valve V1
is open, valve V2 is closed, and valve V3, the outlet valve of
the reservoir, is open.

[0063] Heat transfer fluid is heated by absorption of solar
radiation in collector 301. The heated fluid releases the
absorbed energy in chimney 303, which is assumed to include
a heat exchanger, as described above. The energy released in
the chimney is a function of the temperature differential
between the heated fluid and ATD, the air temperature during
daytime. After passing through the chimney, the fluid has
temperature L'TD, which is defined as the fluid temperature
after heat exchange with daytime air. The temperature LTD is
still high enough to transfer residual energy to cooler night-
time air, the temperature of the nighttime air being designated
as ATN. In other words, nighttime air can be heated by the
fluid that has already been used to heat daytime air, enabling
the chimney to generate power during the night.

[0064] Itis crucial that the fluids of different temperatures,
enabling this operation, be prevented from mixing. Partition
305 acts both as a physical and thermal barrier.

[0065] FIG. 15A represents the status of the reservoir at the
start of the day. The upper portion of the reservoir holds heat
transfer fluid having a temperature LTN, which indicates the
temperature of the fluid after heat exchange with nighttime
air. This fluid is withdrawn from the reservoir, through valves
V3 and V1, and conveyed to collector 301, where it is heated.
The fluid then flows to chimney 303, where it releases part of



US 2008/0156315 Al

its absorbed energy. The hot fluid heats the air in the chimney
having temperature ATD, creating an updraft in the chimney,
the updraft being sufficiently powerful to perform useful
work.

[0066] The system described is a closed system, so as the
fluid (at temperature LTN) is withdrawn from the upper por-
tion of the reservoir, an equal amount of heat transfer fluid,
having temperature LTD, is simultaneously filling the bottom
portion of the reservoir. Such fluid accumulates in the lower
portion of the reservoir, throughout the day. The partition 305
adjusts itself automatically, being pulled up by the diminish-
ing volume of fluid in the upper portion, and being pushed up
by the increasing volume of fluid in the lower portion. Expan-
sion bellow 307 provides pressure relief as the partition
moves upward.

[0067] As the day progresses, partition 305 moves upward
within the reservoir. When the day ends, the barrier will be at
or near the top of the reservoir, as shown in FIG. 15B. At this
point, the reservoir is largely filled with fluid which has
released its heat to daytime air, and which has temperature
LTD. It is now time to change over to nighttime operation.
[0068] The partition 305 must be moved down to prevent
the incoming heat transfer fluid, which will have released heat
to nighttime air and which will have temperature TN, from
mixing with the hotter fluid which has released heat to day-
time air (L'TD). The change over is accomplished by opening
valve VR, which temporarily renders the partition ineffective.
The partition can then be lowered to the bottom of the reser-
voir, either by adjusting its density to make it heavier, or by
mechanical means. After the partition has been lowered,
valve VR is again shut, restoring the physical and thermal
barrier between fluids of different temperature. Valve V1 is
then shut, and valve V2 is opened, so that fluid from the
reservoir can flow directly to the chimney 303, bypassing the
solar collector 301. The solar collector is, of course, unnec-
essary and useless at night.

[0069] The opening of the valve VR causes the fluid in the
reservoir to become fluid having temperature at or near LTD.
This fluid will flow into chimney 303, and can release its
residual energy to the cooler nighttime air, having tempera-
ture ATN, to generate power. By dawn, the fluid in the bottom
portion of the reservoir will be fluid having temperature LTN,
i.e. fluid which has released heat to nighttime air. That is why
the upper and lower portions of the reservoir are designated
by LTN and LTD, respectively, in FIGS. 15A and 15B, but are
designated by LTD and LTN, respectively, in FIG. 15C.
[0070] At dawn, the fluid having temperature LTN will
have replaced the fluid of temperature LTD, in the lower
portion of the reservoir. The valve VR is then opened to lower
the partition again. Valve V1 is then opened, and valve V2 is
closed, so that the daytime process can begin again.

[0071] The reservoir could be provided with multiple par-
titions and/or multiple inlet and outlet valves. The use of
multiple partitions enables more differentiation among fluids
of different temperatures, resulting in greater efficiency and
more constant energy output produced by the updrafts formed
in the chimney. Thus, the present invention uses a reservoir
having two or more compartments, the compartments being
defined by the partitions.

[0072] FIGS.15A-C thus show how fluids of different tem-
peratures can be kept separated to prevent mixing. The pro-
cess requires that mixing be prevented. Switching of the
operation of the system is effected simply by opening the
valve VR. The process begins again when valve VR is closed.
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[0073] FIG. 16 provides further details of the reservoir
represented in FIGS. 14 and 15A-C. This figure also illus-
trates the case in which there may be multiple partitions and
multiple outlet valves. In FIG. 16, there are shown partitions
321, 323, and 325. Disposed between the levels of these
partitions are valves V3A, V3B, and V3C, the latter valves
corresponding to outlet valve V3 shown in FIGS. 15A-C.
FIG. 16 also shows, in a detailed view, the movement of the
partitions relative to the wall of the reservoir. As shown in the
figure, the partition can be mounted to rollers 331 which move
within track guide 333.

[0074] The reservoir can be metallic or non-metallic, and
can be disposed horizontally or vertically. The reservoir could
be uninsulated, although it is preferred to provide insulation.
The reservoir could be located either above ground or below
ground. The expansion bellow accommodates thermal expan-
sion of the heat transfer fluid stored therein. The reservoir is
totally enclosed, forming a closed-loop system with the solar
thermal collector.

[0075] The partition or partitions are thermally insulated.
The locations where the partition meets the wall of the reser-
voir constitutes a seal, creating both a physical and a thermal
barrier to fluid on either side of the partition. The partition can
thus move according to the change in volume of the fluid
contained within the space bounded by the partition.

[0076] The sealing between the reservoir wall and the par-
tition is provided by a mechanical seal or an elastomer. The
partition is preferably equipped with a mechanism, which
could be mechanical, electrical, or physical, that can move the
partition to a desired position.

[0077] FIG. 17 shows another embodiment of the present
invention, in which the system includes both an internal and
an external solar collector. As indicated in the figure, chimney
401 includes internal solar collector 403 and external solar
collector 405. Thus, the figure shows a combined solar col-
lector and heat exchanger, located entirely within the chim-
ney, and a heat exchanger, spaced apart from the combined
solar collector and heat exchanger, used in connection with
the external solar collector. These solar collectors can be
constructed as described in the previous embodiments.
[0078] With regard to the external solar collector, FIG. 17
shows the heat being transferred by a heat transfer fluid, but it
is understood that this embodiment could include the use of a
solid heat transfer device, as described earlier.

[0079] The solar collectors thus work in tandem, both gen-
erating heat within the chimney, and thereby producing
updrafts which can perform useful work. The use of some or
all of the features of the previous embodiments, working in
tandem, increases the output ofthe solar chimney. A reservoir
could also be added to the arrangement of F1G. 17, in the same
manner described in previous embodiments, so that power
can be generated both during the day and during the night.
[0080] FIG. 18 shows another embodiment of the inven-
tion. In this embodiment, there are multiple solar collectors,
connected in parallel, to feed a reservoir. The reservoir is
constructed in the same manner described earlier. FIG. 18
shows that the reservoir can be supplied by one or more solar
collectors. For simplicity of illustration, the connection(s)
between the reservoir and a heat exchanger located within the
chimney are not shown, but it is understood that FIG. 18
comprises a modification of the embodiment shown in FIGS.
14-16. The use of multiple solar collectors increases the secu-
rity and flexibility of the system. The system could be
expanded by adding one solar collector at a time, without
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disrupting the operation of the system. Also, the use of mul-
tiple solar collectors connected in parallel makes it practical
to disconnect one collector for repair, without halting opera-
tion of the overall system.

[0081] The construction of the solar chimney is designed to
minimize heat loss. The solar chimney can be made of brick,
concrete, fiberglass, steel, or other materials, or combinations
of the above, consistent with the requirements of maximum
economy, high strength, low heat loss, and efficient air flow.
The chimney can be constructed of pipes made of fiberglass,
which could be single-walled or multi-walled, and which
could be made with or without stiffeners such as a honey-
comb, and with or without insulation. The pipes can be lined
or unlined, and could be of the same or different materials,
consistent with the required temperatures of operation.
[0082] It should be understood that features described with
respect to a particular embodiment are often applicable to
other embodiments. For example, the rotatable vanes of the
heat exchanger can be provided both in the case where the
solar collector is located within the chimney, and in the case
where the solar collector is outside the chimney. The solar
collectors of both embodiments could be provided with either
alens, a window, or an aperture for allowing solar radiation to
enter. In the case where the solar collector is inside the chim-
ney, the lens or window or aperture would be located in the
chimney wall. In the case where the collector is outside the
chimney, the lens or window or aperture would be located in
a housing for such collector.

[0083] Similarly, in cases in which an external solar collec-
tor is used, without a reservoir, the means of heat transfer
between the solar collector and the heat exchanger inside the
chimney could be either a solid heat conductor or a heat
transfer fluid. For embodiments with a reservoir, it is neces-
sary that the heat transfer medium be a fluid.

[0084] In the embodiment of FIG. 17, the external solar
collector could transfer heat to the inside of the chimney by a
solid heat conductor, as shown in FIG. 9, instead of the heat
transfer fluid as suggested in FIG. 17.

[0085] Although a reservoir is not shown in FIG. 17, a
reservoir could be used with any or all of the external solar
collectors used in that embodiment, in the same manner dis-
closed in FIGS. 14-16.

[0086] Thus, the appearance of a particular feature in a
particular embodiment should not be interpreted to limit the
use of such feature to that embodiment. On the contrary, the
disclosed features may, when logical and appropriate, be
combined in many different ways.

[0087] The reader skilled in the art will recognize other
variations of the invention. Such variations should be consid-
ered within the spirit and scope of the following claims.

What is claimed is:

1. A solar chimney, comprising:

a) an enclosure,

b) means for allowing solar radiation to enter the enclosure,

¢) solar collection means located inside the enclosure, and

d) a heat exchanger, located inside the enclosure and in

thermal contact with the solar collection means.

2. The solar chimney of claim 1, wherein the enclosure
comprises a generally cylindrical structure.

3. The solar chimney of claim 1, wherein the allowing
means comprises a lens located in a wall of the enclosure.

4. The solar chimney of claim 1, wherein the allowing
means comprises an aperture formed in a wall of the enclo-
sure.
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5. The solar chimney of claim 4, wherein the aperture is
sealed by a translucent material.

6. The solar chimney of claim 1, wherein the solar collec-
tion means includes a target substrate which is in thermal
contact with the heat exchanger.

7. The solar chimney of claim 6, wherein the heat
exchanger includes a plurality of primary fins, the primary
fins being in thermal contact with the target substrate, the
primary fins and target substrate being located within an inner
casing located within the enclosure.

8. The solar chimney of claim 7, wherein the heat
exchanger further includes a plurality of secondary fins
located between the inner casing and an interior wall of the
enclosure.

9. The solar chimney of claim 1, wherein the heat
exchanger includes a plurality of vanes which are mounted
for rotation relative to the enclosure.

10. The solar chimney of claim 7, wherein the inner casing
has a heat absorptive coating on an inner surface of the inner
casing.

11. The solar chimney of claim 1, wherein the enclosure
has a reflective inner surface.

12. A solar chimney, comprising:

a) a generally cylindrical enclosure,

b) an aperture formed in the enclosure for allowing solar

radiation to enter the enclosure,

c) a target substrate, located inside the enclosure, for

absorbing solar radiation entering the enclosure,

d) a heat exchanger, located inside the enclosure and in

thermal contact with the target substrate.

13. The solar chimney of claim 12, further comprising a
lens mounted within the aperture.

14. The solar chimney of claim 12, wherein the aperture is
sealed by a translucent material.

15. The solar chimney of claim 12, wherein the target
substrate is in thermal contact with a plurality of primary fins,
the target substrate and primary fins being held within an
inner casing disposed within the enclosure, further compris-
ing a plurality of secondary fins located between the inner
casing and an interior wall of the enclosure, wherein the heat
exchanger comprises the primary and secondary fins.

16. The solar chimney of claim 12, wherein the heat
exchanger includes a plurality of vanes which are mounted
for rotation relative to the enclosure.

17. The solar chimney of claim 12, wherein the inner
casing has a heat absorptive coating on an inner surface of the
inner casing.

18. The solar chimney of claim 12, wherein the enclosure
has a reflective inner surface.

19. A solar chimney, comprising:

a) an enclosure defining a flow path for a fluid to be heated,

b) an aperture in said enclosure for allowing solar energy

from outside the enclosure to enter the enclosure,

¢) a target substrate, within the enclosure, for absorbing

solar energy entering the enclosure, and

d) means for distributing heat from the target substrate,

across an interior region of the enclosure, so as to heat a
fluid passing through the enclosure.

20. The solar chimney of claim 19, wherein the target
substrate is in thermal contact with a plurality of primary fins,
the target substrate and primary fins being held within an
inner casing disposed within the enclosure, further compris-
ing a plurality of secondary fins located between the inner
casing and an interior wall of the enclosure, and wherein the
distributing means comprises the primary and secondary fins.
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