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SOLAR AMTEC POWER SYSTEM

FIELD

The present patent application relates to concentrating solar power systems and, more

particularly, to solar alkali metal thermal-to-electric converter (“AMTEC”) power systems.
BACKGROUND

Concentrating solar power systems employ optical elements, such as mirrors and lenses, to focus
a large area of incoming sunlight into a concentrated location. For example, parabolic trough
concentrating solar power systems employ elongated parabolic mirrors that focus incoming
sunlight on elongated receivers supported over the mirrors. The entire parabolic trough assembly
may be supported on a tracker that maintains precise alignment of the mirrors with the sun as the

sun moves across the sky.

AMTEC power systems are configured to take advantage of temperature gradients across an
AMTEC cell to convert thermal energy directly into electrical energy. A typical AMTEC cell
includes a beta-alumina solid electrolyte (“BASE”), which is an electronic insulator and an ionic
conductor. In an AMTEC power system. The AMTEC cell defines a barrier between a hot side
and a cold side and the opposing sides of the cell are electrically coupled through an external
load circuit. When an alkali metal, such as sodium, is heated on the hot side of the cell, the
sodium metal gives up electrons which pass through the load circuit while corresponding sodium
ions pass through the electrolyte to the cold side of the system, thereby driving an electric
current. At the cold side, sodium ions are neutralized by the electrons returning from the load
circuit to yield condensed sodium metal, which may then be recycled to the hot side of the

system.

Solar AMTEC power systems utilize concentrating solar power optical systems to generate the
required temperature gradient across the AMTEC cell that drives the electric current. However,
existing solar AMTEC power systems employ complex mechanisms, such as pumps and wicks,

for regenerating the condensed alkali metal. Such regeneration mechanisms increase the overall
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cost of such systems and, if they contain moving parts, substantially increase the likelihood of

failure.

Accordingly, those skilled in the art continue to seek advances in the field of solar AMTEC

power systems.
SUMMARY

In one aspect, the disclosed solar AMTEC power system may include a support structure, an
electric generator segment connected to the support structure, the electric generator segment
including a receiver and at least two wings extending at a non-zero angle relative to the receiver,
wherein each wing defines an enclosed volume divided into a hot chamber and a cold chamber
and includes at least one AMTEC cell extending between the hot chamber and the cold chamber,
and wherein the receiver is at least partially transparent to solar energy and defines a heated
chamber and a fluid return chamber, the fluid return chamber being in fluid communication with
the heated chamber and the cold chambers of the wings, and the heated chamber being in fluid
communication with the hot chambers of the wings, and an optical element positioned relative to

the electric generator segment to direct solar energy to the receiver.

In another aspect, the disclosed solar AMTEC power system may include a support structure, a
plurality of electric generator segments connected to the support structure, each segment of the
plurality of electric generator segments including a receiver, a first wing extending at a first non-
zero angle relative to the receiver and a second wing extending at a second non-zero angle
relative to the receiver, the first non-zero angle being generally equal to and symmetrical with
the second non-zero angle relative to a vertical axis of the receiver, wherein each wing includes a
housing that defines an enclosed volume divided by a thermal barrier wall into a hot chamber
and a cold chamber and includes a plurality of AMTEC cells extending through the thermal
barrier wall between the hot chamber and the cold chamber, and wherein the receiver includes a
transparent cover and a housing that defines a heated chamber, a fluid return chamber and an
inlet to the heated chamber, wherein at least a portion of the fluid return chamber is thermally
insulated from the heated chamber, and wherein the transparent cover is sealingly connected to
the inlet, and wherein the fluid return chamber is in fluid communication with the heated

chamber and the cold chambers of the wings, and the heated chamber is in fluid communication

.
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with the hot chambers of the wings, and a linear Fresnel lens positioned relative to the plurality

of electric generator segments to direct solar energy to the receivers.

Other aspects of the disclosed solar AMTEC power system will become apparent from the

following description, the accompanying drawings and the appended claims.
BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a front perspective view of a portion of a solar AMTEC power system in accordance
with one aspect of the present disclosure, wherein the system is shown with the associated

optical element removed;

Fig. 2 is a front elevational view of one electric generator segment of the solar AMTEC power

system shown in Fig. 1;

Fig. 3 is a top plan view, in section, of the solar AMTEC power system of Fig. 1, shown with the

associated optical element;

Fig. 4 is a front perspective view of the receiver of the electric generator segment shown in Fig.

2, wherein the receiver is shown with the transparent cover removed; and

Fig. 5 is a side elevational view, in section, of the receiver shown in Fig. 4, wherein the receiver

is shown with the transparent cover in place.
DETAILED DESCRIPTION

As shown in Fig. 1, one aspect of the disclosed solar AMTEC power system, generally
designated 10, may include a plurality of electric generator segments 12, 14, 16 mounted in axial
alignment on a support structure 18. Each generator segment 12, 14, 16 may include a receiver
20 and at least two wings 22, 24 extending outward from the receiver 20. As shown in Fig. 3, an
optical element 26 may be positioned to direct incoming sunlight to the receivers 20 of the

generator segments 12, 14, 16, as shown by arrows By, B, and B;.

In one particular aspect, the optical element 26 may be a linear Fresnel lens supported relative to

the support structure 18 by a hinged bracket 30. The linear Fresnel lens may focus incoming
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light into a line that extends along the receivers 20 of the system 10. However, those skilled in
the art will appreciate that various optical elements or combinations of optical elements may be
used to concentrate solar energy onto the receivers 20 without departing from the scope of the

present disclosure.

Referring to Fig. 1, the support structure 18 may be mounted on a mast 28 having an longitudinal
axis Ay, and the mast 28 may be secured to the ground or other appropriate sub-structure, as is
known in the art. While not shown, those skilled in the art will appreciate that a dual-axis
tracking system may be used to facilitate both rotation of the support structure 18 about the axis
Ay, as well as pitching of the support structure 18 at an angle relative to the longitudinal axis Ay,
such that the solar AMTEC power system 10 may be maintained in alignment with the sun. In
one particular aspect, the support structure 18 may be mounted such that the receivers 20 are
always pitched at an angle (e.g., 15 degrees) relative to the longitudinal axis Ay, thereby
encouraging fluid to pool at the rear of the receivers 20 proximate the cool side (discussed

below) of the system 10.

In one aspect, as shown in Fig. 1, the support structure 18 may be shaped as an elongated
parabolic trough and the receivers 20 may be arranged substantially linearly proximate (i.e., at or
about) the apex of the parabolic trough. For example, two support structures 18 may be
constructed in accordance with the present disclosure by halving a cylindrical body, such as a
typical 55-gallon drum, along the longitudinal axis of the cylindrical body. With reference to
Figs. 1 and 3, those skilled in the art will appreciate that the wings 22, 24 of the generator
segments 12, 14, 16 may be shaped to correspond to the shape and contour of the support
structure 18. In another aspect (not shown), the support structure 18 may be a generally flat and

planar support structure, such as the type typically used to support arrays of photovoltaic cells.

Referring to Figs. 1 and 2, each generator segment 12, 14, 16 may be winged by extending the
wings 22, 24 outward from the receiver 20 at an angle 0 relative to the receiver 20. For example,
the winging angle 8 may be about 15 degrees. However, various winging angles 0 may be
selected based upon design considerations, which may include, for example, the overall

orientation (e.g., the pitch) of the system 10 relative to the directional component of the force of

gravity.
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At this point, those skilled in the art will appreciate that wings 22, 24 that have been disposed at
an angle 0 relative to the receiver 20 may facilitate gravity flow of condensed fluid from the
wings 22, 24 to the fluid return chamber 66 (Fig. 5) (discussed below) of the receiver 20 when
the system 10 is mounted upright as shown in Fig. 1, thereby eliminating the need for pumps,

wicks and the like for returning fluid to the receiver 20.

Referring now to Fig. 3, each wing 22, 24 may include a housing 32 that defines an enclosed
volume 34 and couples the wing 22, 24 to the associated receiver 20. Optionally, as shown in
Fig. 3, the enclosed volume 34 may be partially defined by the support structure 18 as well as the
housing 32. A thermal barrier wall 36 may extend through the enclosed volume 34 to define a

hot chamber 38 and a cold chamber 40 therein.

The thermal barrier wall 36 may include a plurality of holes 44 formed therein, wherein the holes
44 may be sized and shaped to receive and support a plurality of AMTEC cells 42 therein. For
example, each wing 22, 24 may include 24 AMTEC cells 42 for a total of 48 AMTEC cells 42
per generator segment 12, 14, 16. The AMTEC cells 42 may extend through the holes 44 in the
thermal barrier wall 36 such that a first, cold portion 46 of each AMTEC cell 42 extends into the
cold chamber 40 and a second, hot portion 48 of each AMTEC cell 42 extends into the hot
chamber 38. A thermal adhesive (not shown), such as a thermal adhesive available from Dow
Corning Corporation of Midland, Michigan, may be used to secure the AMTEC cells 42 in the
holes 44 and to the thermal barrier wall 36.

Thus, the radial length of each wing 22, 24 (i.e., the length that the wing 22, 24 extends outward
from the receiver 20) may depend on the overall size of the system 10, including the size of the
optical element 26, the receiver 20 and/or the number of AMTEC cells 42 being supported in
each wing 22, 24.

The AMTEC cells 42 may be any AMTEC cells known in the art, and may include an anode (not
shown), a cathode (not shown) and an electrolyte (not shown). For example, the electrolyte may
be a ceramic electrolyte, such as a beta-alumina solid electrolyte, and the anode and cathode may
be formed from a metal, such as tungsten steel. In one particular aspect, the AMTEC cells 42
may be hollow-rod type AMTEC cells and may be electrically coupled to each other in series

and, ultimately, to an external load circuit.
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The housing 32, the thermal barrier wall 36 and the outer housing 56 of the receiver 20
(discussed below) may be formed from a generally rigid material, such as aluminum, steel (e.g.,
stainless steel) or the like. Appropriate non-metal materials may also be used, such as plastic.
For example, the housing 32 may be constructed from internally or structurally reinforced
plastic. Those skilled in the art will appreciate that the housing 32, the thermal barrier wall 36
and the outer housing 56 may be constructed using well known forming techniques, such as
cutting and welding. Furthermore, while the housing 32 that forms the wings 22, 24 is shown as
having a generally rectangular cross-section, those skilled in the are will appreciate that the
housing 32 may be formed in various shapes and geometries, which may be dictated only by the
need for an enclosed volume 34 and the ability to receive and support the AMTEC cells 42

across hot 38 and cold 40 chambers.

In one optional aspect, a thermal block 50 may be disposed between the thermal barrier wall 36
and the hot chamber 38. The AMTEC cells 42 may extend through the thermal block 50 as well
as the thermal barrier wall 36. The thermal block 50 may be formed as a layered structure that
may include at least a first layer 52 of thermally insulative material and a second layer 54 of
thermally conductive material, wherein the first layer 52 may be disposed between the thermal
barrier wall 36 and the second layer 54. Therefore, the second layer 54 may facilitate greater
heat transfer to the hot side 48 of the AMTEC cells 42, while the first layer 52 may provide
insulation between the hot chamber 38 and the cold chamber 40, thereby maintaining a desired

temperature gradient across the hot 48 and cold 46 sides of the AMTEC cells 42.

In one exemplary and optional aspect, the thermally insulative material of the first layer 52 may
have a thermal conductivity in the range of about 0.25 to about 25 W/m-K and the thermally
conductive material of the second layer 54 may have a thermal conductivity of at least about 200
W/m-K. One exemplary thermally insulative material that may be used in the first layer 52 may
be CFOAM carbon foam, such as CFOAM-20, available from Touchstone Research Laboratory,
Ltd of Triadelphia, West Virginia. One exemplary thermally conductive material that may used
in the second layer 54 may be PTM 3180, which is available from Honeywell of Morris
Township, New Jersey. Another exemplary thermally conductive material that may used in the
second layer 54 may be POCO HTC, which is available from Poco Graphite, Inc. of Decatur,

Texas.
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At this point, those skilled in the art will appreciate that thermal isolation between the hot
chamber 38 and the cold chamber 40 may increase the temperature gradient across the hot and
cold chambers 38, 40, thereby increasing the efficiency of the Seebeck effect that drives the
system 10. Therefore, the cross-sectional thicknesses of the layers 52, 54 of the thermal block 50
may depend on, among other things, the type of thermally insulative and thermally conductive
materials used, the overall size of the system 10 and the magnitude of the temperature gradient

desired.

Referring now to Figs. 3-5, each receiver 20 may include an outer housing 56, a transparent
cover 58 (Figs. 3 and 5) and, optionally, a thermal energy storage material 60. The outer housing
56 may define an internal volume 62 which may include a heated chamber 64 and a fluid return
chamber 66 separated by a dividing wall 68. Outlet ports 70 may be formed in the dividing wall
68 to provide fluid communication between the fluid return chamber 66 and the heated chamber
64. A layer of insulation 92 may thermally insulate at least a portion of the heated chamber 64
(e.g., the portion adjacent the thermal energy storage material 60) from the fluid return chamber
66. Indeed, as shown in Fig. 3, an additional layer of insulation 94 may thermally insulate the

receiver 20 from the cold chamber 40 of the wings 22, 24, as well as from the support structure

18.

A solar energy inlet 72 defined by the outer housing may provide access to the heated chamber
64. The transparent cover 58 may be sealingly disposed in or over the inlet 72 to enclose the
heated chamber 64. The transparent cover 58 may be formed from any material that is at least
partially transparent to solar energy such that incoming solar energy (arrows By, By, B; in Fig. 3)
penetrates the receiver 20 and heats the thermal energy storage material 60 disposed in the
heated chamber 64 and, ultimately, the alkali metal that drives the system 10. In one particular
aspect, the transparent cover 58 may be formed from a material having high light transmittance
and low light reflectance. For example, the transparent cover 58 may be constructed from glass,
such as low-iron glass, or optically clear (or at least partially clear) ceramic. The wall thickness
of the transparent cover 58 may be selected to optimize solar energy collection/retention as well
as mechanical strength, which may depend on the environment in which the system 10 will be

deployed.
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Referring to Figs. 3 and 4, a first opening 74 may be formed in the outer housing 56 and may
provide fluid communication between the heated chamber 64 of the receiver 20 and the hot
chamber 38 of the first wing 22 connected to the receiver 20. Similarly, a second opening 76
may be formed in the outer housing 56 and may provide fluid communication between the
heated chamber 64 of the receiver 20 and the hot chamber 38 of the second wing 24 connected to
the receiver 20. Those skilled in the art will appreciate that the size and shape of the openings
74, 76, as well as the total number of openings between the receiver 20 and each wing 22, 24,
may be varied so long as vapor is capable of traveling from the heated chamber 64 of the

receiver 20 to the hot chambers 38 of the wings 22, 24.

Referring to Fig. 4, a return port 78 may be formed in the outer housing 56 and may provide
fluid communication between the fluid return chamber 66 (Fig. 5) of the receiver 20 and the cold
chamber 40 of the second wing 24 connected to the receiver 20. Similarly, a second return port
(not shown) may be formed in the outer housing 56 and may provide fluid communication
between the fluid return chamber 66 of the receiver 20 and the cold chamber 40 of the first wing
24 connected to the receiver 20. In one particular aspect, the return ports 78 may be in fluid
communication with fluid collection channels (not shown) that extend through, or that are in
fluid communication with, the cold chamber 38 of the wings 22, 24 and that collect and direct

condensed fluid to the return ports 78.

Referring to Fig. 4, in one exemplary aspect, the receiver 20 may be formed as a rectilinear
compartment having six sides: a front side 80, a rear side 82, a left side 84, a right side 86, a top
side 88 and a bottom side 90. The inlet may be formed in the front side 80, the first opening 74
and the first fluid return port (not shown) may be formed in the left side 84, the second opening
76 and the second fluid return port 78 may be formed in the right side 86 and the fluid return
chamber 66 (Fig. 5) may extend along the bottom side 90. However, those skilled in the art will
appreciate that various constructions and geometries may be used without departing from the

scope of the present disclosure.

In one aspect, as shown in Figs. 3 and 5, the thermal energy storage material 60 may be a salt-
based system wherein a core 96 of salt may be surrounded by a layer 94 of thermally conductive

material. For example, the thermally conductive material may be solid graphite and the salt may
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be potassium nitrate, sodium nitrate, sodium nitrite or combinations thereof. Therefore, as is
known in the art, additional heat may be stored by the thermal energy storage material 60 by

melting the salt.

Accordingly, the optical element 26 may focus incoming solar energy onto the thermal energy
storage material 60, as shown by arrows By, B,, B3 in Fig. 3, thereby increasing the temperature
in the heated chamber 64 of the receiver 20. The increased temperature vaporizes alkali metal
100 (Fig. 5) in the fluid return chamber 66 and the heated alkali metal vapor exits the heated
chamber 64 of the receiver 20 and enters the hot chambers 40 of the wings 22, 24 by way of the
first and second openings 74, 76 (Fig. 4). The alkali metal vapor interacts with the AMTEC cells
42 in the wings 22, 24 to generate electricity, as is well known in the art, resulting in condensed
alkali metal in the cold chambers 40. The condensed alkali metal then flows by gravity from the
cold chambers 40 of the wings 22, 24 to the return ports 78 due to the angle 0 of the wings 22, 24
relative to the receiver 20, and pools in the fluid return chamber 66. Therefore, the disclosed

system 10 provides for gravity-driven regeneration of the alkali metal.

The alkali metal 100 may be sodium metal. However, those skilled in the art will appreciate that
other alkali metals, such as lithium, potassium and rubidium, may also be used. Furthermore,
those skilled in the art will appreciate that the alkali metal 100 may be substituted with other
materials capable of providing the same function in the system 10 without departing from the

scope of the present disclosure.

Condensation within the cold chambers 40 of the wings 22, 24 may be facilitated by radiating
heat from the portions of the support structure 18 or housing 32 that defines the cold chambers
40. For example, one or more layers of a thermally conductive material, such as PTM 3180
and/or POCO HTC, may be coupled to the support structure 18 or housing 32 adjacent the cold
chamber 40.

Although various aspects of the disclosed solar AMTEC power system have been shown and
described, modifications may occur to those skilled in the art upon reading the specification.
The present application includes such modifications and is limited only by the scope of the

claims.
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What 1s claimed is;

1. A solar power system comprising:

a support structure (18);

an electric generator segment (12) connected to said support structure, said electric
generator segment comprising a receiver (20) and at least two wings (22,24) extending at a non-
zero angle relative to said receiver, wherein each wing defines an enclosed volume (34) divided
into a hot chamber (30) and a cold chamber (40) and includes at least one alkali metal thermal-
to-electric converter (“AMTEC”) cell (42) extending between said hot chamber and said cold
chamber, and wherein said receiver is at least partially transparent to solar energy and defines a
heated chamber (64) and a fluid return chamber (66), said fluid return chamber being in fluid
communication with said heated chamber and said cold chambers of said wings, and said heated
chamber being in fluid communication with said hot chambers of said wings; and

an optical element (26) positioned relative to said electric generator segment to direct

solar energy to said receiver.

2. The solar power system of claims 1 further comprising an alkali metal in said fluid return

chamber.

3. The solar power system of claim 1 wherein at least a portion of said fluid return chamber is

thermally insulated from said heated chamber.

4. The solar power system of claim 1 wherein said support structure includes a parabolic trough,
and wherein said receiver is disposed proximate an apex of said parabolic trough and said wings
extend outward from said receiver and are shaped to correspond to a contour of said parabolic

trough.
5. The solar power system of claim 1 wherein said support structure is connected to a mast

having a longitudinal axis, and wherein said support structure is pitched at an angle relative to

said longitudinal axis.

-10 -
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6. The solar power system of claim 1 further comprising a thermal block disposed between said
hot chamber and said cold chamber, wherein said thermal block is formed as a layered structure
that includes at least one layer of a thermally conductive material and at least one layer of a

thermally insulative material.

7. The solar power system of claim 1 wherein said hot chamber is separated from said cold

chamber by at least one layer of insulation.

8. The solar power system of claim 1 wherein said receiver includes a housing that defines an

inlet to said heated chamber and a light-transparent cover sealingly connected to said inlet.

9. The solar power system of claim 10 wherein said housing defines at least two return ports,
and wherein said fluid return chamber is in fluid communication with said cold chambers of said

wings by way of said return ports.

10. The solar power system of claim 1 wherein a dividing wall is disposed between said heated
chamber and said fluid return chamber, and wherein at least one port extending through said
dividing wall provides fluid communication between said fluid return chamber and said heated

chamber.

11. The solar power system of claim 1 wherein said receiver further includes a thermal energy

storage material disposed in said heated chamber.
12. The solar power system of claim 14 wherein said thermal energy storage material includes
graphite and a salt, said salt being selected from the group consisting of potassium nitrate,

sodium nitrate, sodium nitrite and combinations thereof.

13. The solar power system of claim 1 wherein said receiver is thermally insulated from said

cold chamber.

-11 -
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14. The solar power system of claim 1 wherein said optical element includes a linear Fresnel

lens.

15. The solar power system of claim 1 comprising a plurality of said electric generator segments

connected to said support structure.

-12-
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