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(57) ABSTRACT 

Described herein are Solar energy collector systems, compo 
nents for Solar energy collector systems, and methods for 
installing Solar energy collector Systems. The components for 
Solar energy collector Systems include but are not limited to 
Solar radiation absorbers, receivers, drives, drive systems, 
reflectors, and various Support structures. The Solar energy 
collection systems, Solar radiation absorbers, receivers, 
drives, drive systems, reflectors, Support structures, and/or 
methods may be used, for example, in LFR solar arrays. 
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LINEAR FRESNEL SOLAR ARRAYS AND 
COMPONENTS THEREFOR 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application claims the benefit of priority to 
U.S. patent application Ser. No. 1 1/895,869, filed Aug. 27. 
2007, entitled “Linear Fresnel Solar Arrays.” petition granted 
to convert to a provisional patent application on Jan. 23, 2008 
having U.S. patent application Ser. No. (not yet 
assigned), which is incorporated by reference herein in its 
entirety. This application is related to U.S. patent application 
Ser. No. entitled “Linear Fresnel Solar Arrays and 
Receivers Therefor” (Attorney Docket No. 62715-20015.00), 
and U.S. patent application Ser. No. entitled “Linear 
Fresnel Solar Arrays and Drives Therefor” (Attorney Docket 
No. 62715-20016.00), each of which is filed concurrently 
herewith, and each of which is incorporated by reference 
herein in its entirety. 

FIELD 

0002 This application relates to solar energy collector 
systems, and in particular to linear Fresnel reflector Solar 
arrays. Described herein are reflectors, solar radiation absorb 
ers, receivers, drives, Support structures, stabilization ele 
ments, and related methods, that may be used in conjunction 
with Solar energy collector systems. 

BACKGROUND 

0003 Solar energy collector systems of the type referred 
to as Linear Fresnel Reflector (LFR) systems are relatively 
well known. LFR arrays include a field of linear reflectors that 
are arrayed in parallel side-by-side rows. The reflectors may 
be driven to track the Sun's motion. In these systems, the 
reflectors are oriented to reflect incident solar radiation to an 
elevated distant receiver that is capable of absorbing the 
reflected solar radiation. The receiver typically extends par 
allel to the rows of reflectors to receive the reflected radiation 
for energy exchange. The receiver typically can be, but need 
not be, positioned between two adjacent fields of reflectors. 
For example, in some systems, in spaced-apart receivers may 
be illuminated by reflected radiation from (n+1) or, alterna 
tively, (n-1) reflector fields. In some variations, a single 
receiver may be illuminated by reflected radiation from two 
adjacent reflector fields. 
0004. To track the Sun's movements, the individual reflec 
tors may be mounted to Supports that are capable of tilting or 
pivoting. Examples of Suitable Supports are described in 
International Patent Publication Number WO05/003.647, 
filed Jul. 1, 2004, and International Patent Publication Num 
ber WO05/0078360, filed Feb. 17, 2005, each of which is 
incorporated herein by reference in its entirety. 
0005. In most LFR systems, the receivers and rows of 
reflectors are positioned to extend linearly in a north-south 
direction, with the reflectors symmetrically disposed around 
the receivers. In these systems, the reflectors may be pivotally 
mounted and driven through an angle approaching 90° to 
track approximate east-west motion of the Sun during Succes 
sive diurnal periods. Some systems have been proposed in 
which the rows of reflectors are positioned to extend linearly 
in an east-west direction. See, e.g., Di Canio et al., Final 
Report 1977-79 DOE/ET/20426-1, and International Patent 
Application Serial No. PCT/AU2007/001232, entitled 
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“Energy Collection System Having East-West Extending 
Linear Reflectors.” filed Aug. 27, 2007, each of which is 
incorporated herein by reference in its entirety. 
0006 Solar collector systems are generally expansive in 
area, and are located in remote environments. In addition, 
Solar collector systems must endure for many years in a harsh 
outdoor environment with relatively low operation, mainte 
nance and repair requirements. Improved systems with 
reduced requirements for personnel, time, and/or equipment 
for operation, maintenance, and/or repair are desired. Further, 
it is desired that solar collector systems be facile to transport 
to and assemble in remote locations. Therefore, a need exists 
for improved Solar collection systems and improved compo 
nents for Solar collector systems. Such components may 
include reflectors, receivers, drives, drive systems, and/or 
Support structures. The improved components may lead to 
improved collection efficiency and improved overall perfor 
mance for Solar collector systems, e.g., LFR arrays. The 
improved components may also result in reduced operational, 
maintenance and/or repair requirements, improved longevity 
in harsh outdoor environments, improved portability, reduced 
assembly requirements, and reduced manufacturing time 
and/or costs. 

SUMMARY 

0007. Described herein are solar energy collector systems, 
components for Solar energy collector systems, and methods 
for installing Solar energy collector systems. The components 
for solar energy collector systems include, but are not limited 
to, Solar radiation absorbers, receivers, drives and drive sys 
tems, reflectors, and various Support structures. The Solar 
energy collection systems, Solar radiation absorbers receiv 
ers, drives, drive systems, reflectors, Support structures, and/ 
or methods may be used, for example, in LFR solar arrays. 
The components and methods described herein may be used 
together in any combination in a Solar collector system, or 
they may be used separately in different solar collector sys 
temS. 

0008 Reflectors for use in a solar energy collector system 
are described. The reflectors each comprise a reflective sur 
face that is configured to direct incident Solar radiation to a 
solar radiation absorber in an elevated receiver. The reflective 
surface of the reflectors may be configured to provide a line 
focus, e.g., the reflectors may be cylindrical mirrors. These 
reflectors may have a focal length that is greater than a dis 
tance between the reflective surface of the reflector and the 
solar radiation absorber in the receiver. The reflectors may be 
configured to be driven to at least partially follow diurnal 
motion of the sun. Some variations of the reflectors may have 
a focal length that is at least about 1% to about 15% (e.g., 
about 2%. 5%, or 10%) greater than the distance between its 
reflective surface and the solar radiation absorberat which the 
reflector is directed. 
0009 Solar energy collector systems including such 
reflectors are also described here. The solar energy collector 
systems comprise an elevated receiver comprising a solar 
radiation absorber. First and second reflector fields are posi 
tioned on opposite sides relative to a center of the receiver. 
Each reflector field comprises reflectors that are arranged into 
one or more parallel reflector rows that extend generally in a 
direction that is parallel to a length of the receiver. The reflec 
tors each comprise a reflective Surface that is configured to 
direct incident solar radiation to form a line focus at the solar 
radiation absorber in the receiver. The reflectors are config 
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ured to be driven to at least partially track diurnal motion of 
the Sun. At least one reflector from the first and/or the second 
reflector field has a focal length that is greater than a distance 
between its reflective surface and the solar radiation absorber 
in the receiver, e.g., about 1% to about 15%, or about 2%, 
about 5%, or about 10% greater than a distance between its 
reflective surface and the solar radiation absorber. For 
example, Some systems may comprise one or more parallel 
reflector rows including an outer row, and a reflector posi 
tioned in the outer row may have a focal length that is greater 
than a distance between its reflective surface and the solar 
radiation absorber. 

0010. Other variations of solar energy collector systems 
are provided. These systems comprise an elevated receiver 
comprising a solar radiation absorber. First and second reflec 
tor fields are positioned on opposite sides relative to a center 
of the receiver. Each reflector field comprises reflectors 
arranged into one or more parallel reflector rows that extend 
generally parallel to the length of the receiver. The reflectors 
each comprise a reflective surface configured to direct inci 
dent solar radiation to the solar radiation absorber in the 
receiver and to at least partially track diurnal motion of the 
Sun. The reflectors may be arranged so that a focal length of 
each reflector generally correlates with a distance between 
that reflector and the receiver. 
0011 Sets of asymmetric guy wires for use instabilizing a 
Vertical Support structure in a Solar energy collector system 
are provided. These sets of asymmetric guy wires comprise 
first and second guy wires. Each of the first and second guy 
wires has a distalendanda proximal end. The distal end of the 
first guy wire is configured to be coupled to a distal end of a 
ground-anchored vertical Support structure of a solar energy 
collector system at a first coupling point. The proximal end of 
the first guy wire is configured to be anchored to the ground 
and/or to an anchoring structure at a firstanchoring point. The 
first guy wire has a first resonance frequency between the first 
coupling and anchoring points when it is coupled to the Ver 
tical Support structure at the first coupling point and anchored 
at the first anchoring point. The distal end of the second guy 
wire is configured to be coupled to the distal end of the 
Vertical Support structure at a second coupling point. The 
proximal end of the second guy wire is configured to be 
anchored to the ground and/or to an anchoring structure at a 
second anchoring point. The second guy wire has a second 
resonance frequency between the second coupling and 
anchor points when it is coupled to the vertical Support struc 
ture at the second coupling point and anchored at the second 
anchoring point. In the sets of guy wires, the first and second 
resonance frequencies are different. 
0012. The guy wires in the sets of asymmetric guy wires 
may be varied in any Suitable manner so that their resonance 
frequencies are different. For example, in Some variations, a 
length of the first guy wire between the first coupling and 
anchoring points may be different than a length of the second 
guy wire between the second coupling and anchoring points 
to result in first and second resonance frequencies being dif 
ferent. In certain variations, a width of the first guy wire 
between the first coupling and anchoring points may be dif 
ferent thana width of the second guy wire between the second 
coupling and anchoring points. 
0013 Some variations of the sets of asymmetric guy wires 
may include more than two guy wires, e.g., three or more guy 
wires. In Such sets, a distal end of a third guy wire is config 
ured to be coupled to a distal end of a ground anchored 
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Vertical Support structure at a third coupling point. A proximal 
end of the third guy wire is configured to be anchored to the 
ground and/or an anchoring structure at a third anchoring 
point. The third guy wire has a third resonance frequency 
between the third coupling and anchoring points when 
coupled to the vertical Support structure at the third coupling 
point and anchored at the third anchoring point. The third 
resonance frequency is different from at least one of the first 
and second resonance frequencies. 
0014 Solar energy collector systems comprising asym 
metric guy wires are provided. These systems comprise an 
elevated receiver extending in a longitudinal direction and a 
Vertical Support structure configured to Support the elevated 
receiver. The systems also include first and second guy wires. 
The first guy wire is coupled to the vertical support structure 
at a first coupling point and extends laterally from the Vertical 
Support structure to a first anchoring point. The first guy wire 
has a first resonance frequency between the first coupling 
point and the first anchoring point. The first anchoring point 
may be on the ground, or on an anchoring structure. The 
second guy wire is coupled to the vertical Support structure at 
a second coupling point and extends laterally from the verti 
cal Support structure to a second anchoring point. The second 
anchoring point can be on the ground, or on an anchoring 
structure. The second guy wire has a second resonance fre 
quency between the second coupling point and the second 
anchoring point. In these systems, the first resonance fre 
quency is different from the second resonance frequency. For 
example, the first and second resonance frequencies may 
differ by at least about 20%, at least about 30%, at least about 
40%, or at least about 50%. 
0015 Solar energy collector systems including longitudi 
nal guy wires are also described. These systems include an 
elevated receiver comprising a Solar radiation absorber. A 
plurality of vertical Support structures are distributed along a 
length of the elevated receiver and are configured to Support 
the elevated receiver. The systems each include an arrange 
ment of longitudinal guy wires. In the arrangement of longi 
tudinal guy wires, each longitudinal guy wire extends 
between two adjacent vertical support structures. The 
arrangement of longitudinal guy wires is configured to stabi 
lize the Solar energy collector System and to accommodate 
longitudinal thermal expansions of one or more components 
of the elevated receiver. 

0016. These systems may include any suitable arrange 
ment of longitudinal guy wires to provide system stabiliza 
tion while accommodating thermal expansion in the receiver. 
For example, in some variations of the systems, the arrange 
ment of longitudinal guy wires may comprise a density of 
longitudinal guy wires that decreases as a distance from a 
longitudinal center of the elevated receiver increases. In cer 
tain variations, the arrangement of longitudinal guy wires 
may comprise a first set of generally parallel single longitu 
dinal guy wires. Each single longitudinal guy wire in the first 
set extends generally in a first diagonal direction between two 
adjacent ones of the plurality of Vertical Support structures. 
Variations of the arrangements of guy wires in the systems 
may also include a second set of generally parallel longitudi 
nal guy wires. Each single longitudinal guy wire in the second 
set extends generally in a second diagonal direction between 
adjacent vertical Support structures. In these variations, the 
first and second sets of longitudinal guy wires may be posi 
tioned on opposite sides relative to a longitudinal center of the 
receiver. 
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0017 Methods for installing linear Fresnel solar reflector 
systems are provided. These methods include arranging a 
plurality of reflectors into rows and providing a receiver body. 
The receiver body comprises a receiver channel that com 
prises first and second sidewalls and an aperture each extend 
ing along a length of the receiver channel. A plurality of Solar 
radiation absorber tubes is arranged lengthwise into the 
receiver channel. A window is inserted into the receiver chan 
nel in a direction transverse to the length of the receiver 
channel. The window is secured over the aperture so that the 
window forms a junction with each of the first and second 
sidewalls of the receiver channel to form a cavity that houses 
the solar radiation tubes. The receiver body is oriented so that 
the length of the receiver channel is generally parallel to the 
reflector rows. The methods include elevating the receiver 
body comprising the receiver channel, the Solar radiation 
absorber tubes, and the window to an installed vertical 
receiver position that is above the plurality of reflectors. The 
plurality of reflectors are aligned so that each reflector directs 
incident solar radiation through the window to be at least 
partially incident on one or more of the solar absorber tubes 
when the receiver body is in the installed vertical receiver 
position. In some variations of the methods, the window may 
be secured to the receiver channel with fasteners before 
elevating the receiver body to the installed vertical receiver 
position. 
0018. In certain variations of the methods, elevating the 
receiver body to the installed vertical receiver position may 
comprise anchoring a proximal end of a jointed vertical Sup 
port structure to the ground, angling a distal end of the vertical 
Support structure toward the ground, and securing the receiver 
body to the distal end of the jointed vertical support structure. 
Lateral force may be applied to the distal end of the jointed 
vertical support structure to elevate the receiver body. One or 
more joints of the jointed vertical Support structure may be 
locked when the receiver body is in the install vertical receiver 
position. For example, in some variations of the methods, the 
lateral force may be applied to the distal end of the jointed 
vertical support structure with a tether. In these methods, the 
tether may be threaded through one or more pulleys to control 
the application of lateral force to the distal end of the jointed 
vertical support structure. In other variations of the methods, 
elevating the receiver body to the installed vertical receiver 
position may comprise anchoring at least one post of a verti 
cal Support structure to the ground, elevating the receiver 
body using a hoist (i.e., lifting structure) coupled to the ver 
tical Support structure, and coupling the elevated receiver to 
the vertical Support structure. 
0019 Vertical support structures for use in solar energy 
collector systems are provided. Certain variations of vertical 
Support structures each include a proximal end configured to 
be anchored to the ground, and a distal end configured to be 
coupled to an elevated receiver in a solar energy collector 
system. The Support structures include a first joint that is 
configured to allow the distal end of the support structure to 
be angled toward the ground for coupling the receiverthereto 
at or near ground level while the proximal end of the support 
structure is anchored to the ground. The first joint is also 
configured to allow the distal end of the support structure to 
be elevated with the application of lateral force to the distal 
end of the support structure so that a receiver coupled thereto 
can be elevated to a vertical installed receiver position. In 
Some variations of the vertical Support structures, the first 
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joint may be configured to be locked in a locked configuration 
to hold an elevated receiver in the vertical installed receiver 
position. 
0020 Some vertical support structures may include a sec 
ondjoint that is positioned distally relative to the first joint. In 
these variations of vertical Support structures, the secondjoint 
can be flexed independently from the first joint. The second 
joint is configured to allow the distal end of the vertical 
Support structure to be angled more toward the ground than 
the first joint while the proximal end of the support structure 
is angled to the ground. The secondjoint is also configured to 
allow the distal end of the support structure to be elevated 
with the application of lateral force to the distal end of the 
Support structure, so that a receiver coupled thereto can be 
elevated to a vertical installed receiver position. In some 
variations of these Support structures, the secondjoint may be 
configured to be locked into a locked configuration to hold an 
elevated receiver in the vertical installed receiver position. 
0021. Some vertical support structures may further com 
prise a tether that is coupled to the distal end of the support 
structure. In these variations, the tether may be configured to 
apply lateral tension to the distal end of the Support structure 
to elevate a receiver coupled thereto. Certain variations of 
these vertical support structures including a tether further 
comprise one or more pulleys. In these variations, the tether is 
configured to be threaded through the one or more pulleys to 
guide the position of the tether as lateral tension is applied to 
the distal end of the vertical support structure. 
0022. Still other variations of vertical support structures 
for use in Solar energy collector systems are described here. 
These structures comprise at least one post configured to be 
anchored to the ground, and a hoist (i.e., a lifting structure) 
coupled to the Vertical Support structure. The hoist is config 
ured to lift a receiver. The vertical support structure comprises 
at least one mounting member configured to Support the 
receiver in an elevated installed position. In some instances, 
the mounting member may comprise at least one shelf. Some 
variations of these vertical Support structures may comprise 
two posts that are each configured to be coupled to the ground. 
The posts may be angled toward each other and intercon 
nected at or near a peak of the vertical Support structure. In 
Some embodiments of the Vertical Support structures, the 
hoist may be mounted to an auxiliary portion of the vertical 
Support structure. The auxiliary portion may be configured to 
be removed after the receiver is installed. 
0023 Methods for making a carrier frame for supporting 
reflector elements in a linear Fresnel solar reflector system are 
described here. These methods comprise providing first and 
second platforms, where each platform comprises a first end 
and a second opposite end. A first reflector Support is pro 
vided that comprises one or more attachment tabs affixed to 
the first reflector support. In these methods, the first reflector 
support is fixed to the second end of the first platform. The 
first reflector support is also temporarily or removably 
coupled to the first end of the second platform with the one or 
more attachment tabs, so that the first and second platforms 
each extend from opposites sides of the first reflector support. 
The methods include aligning the second platform with the 
first platform with the one or more attachment tabs. In some 
variations, for example, the second platform may be aligned 
with the first platform to within about 5 mm. Some variations 
of the methods include fixing the first end of the second 
platform to the first reflector support after aligning the first 
platform with the second platform. 
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0024. Some variations of these methods further comprise 
providing second and third reflector Supports. In these varia 
tions, the second reflector support is coupled to the first end of 
the first platform so that the first platform is supported 
between the first and second reflector supports, and the third 
reflector support is coupled to the second end of the second 
platform so that the second platform is supported between the 
first and third reflector supports. 
0025 Carrierframes for supporting reflector elements in a 
linear Fresnel solar reflector system are provided here. The 
carrier frames each comprise first and second platforms, each 
platform comprising first and second ends. The carrierframes 
comprise a first reflector Support and at least one attachment 
tab affixed to the first reflector support. The second end of the 
first platform is fixed to the first reflector support. The first end 
of the second platform is removably attached to the first 
reflector support with the at least one attachment tab, so that 
the first and second platforms extend from opposite sides of 
the first reflector support. The at least one attachment tab is 
configured to allow alignment of the second platform relative 
to the first platform and to allow securing of the second 
platform to the second side of the first reflector support in an 
aligned position. For example, the attachment tab may be 
configured to allow rotation and/or translation of the second 
platform to align the second platform with the first platform. 
In some carrier frames, the attachment tab may comprise a 
threaded hole configured to accept a threaded bolt coupled to 
the second platform. Some carrier frames further comprise 
second and third reflector supports, wherein the second 
reflector support is coupled to the first end of the first platform 
so that the first platform is supported between the first and 
second reflector supports, and the third reflector support is 
coupled to the second end of the second platform so that the 
second platform is supported between the first and third 
reflector Supports. 
0026 Methods for installing an elevated receiver into a 
Solar energy collector system are also provided here. These 
methods comprise anchoring a vertical Support structure 
comprising a hoist to the ground, and lifting a receiver with 
the hoist. After the receiver is lifted, the receiver is coupled to 
the vertical support structure to install the receiver in the solar 
energy collector system. Some of these methods may com 
prise anchoring a row of Vertical Support structures to the 
ground, where at least one of the vertical Support structures 
comprises a hoist. More than one of the vertical Support 
structures in the row may comprise a hoist, e.g., end ones of 
the row of vertical Support structures. In these methods, an 
elongated receiver is positioned along the row of Vertical 
support structures on or near ground level and lifted with the 
hoist. After the receiver has been lifted, the receiver is coupled 
to the vertical support structures to install the receiver into the 
Solar energy collector system. In some variations of the meth 
ods, one or more hoists may be removed from Vertical Support 
structures after the receiver has been installed. 

BRIEF DESCRIPTION OF THE FIGURES 

0027 FIGS. 1A-1C illustrate an example of a solar energy 
collector system that includes two reflector fields directing 
incident solar radiation to an elevated receiver. FIG. 1A 
depicts a transverse, end-on view of the system, and FIGS. 
1B-1C depict longitudinal, side views of the system. 
0028 FIG. 2A illustrates an example of a solar energy 
collector system that includes two elevated receivers. 
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(0029 FIGS. 2B-2D illustrate various examples of reflec 
tor Supports that may be used in Solar energy collector sys 
tems, and FIG. 2E illustrates an example of a drive system for 
use in a Solar array comprising a combination of reflector 
Support types. 
0030 FIG. 3 illustrates an example of a reflector element 
having a reflective surface that focuses reflected solar radia 
tion at a receiver. 
0031 FIG. 4 illustrates another example of a reflector 
element having a reflective surface that focuses reflected solar 
radiation at a receiver. 
0032 FIG. 5 provides an example of a solar energy col 
lector system that includes asymmetric lateral guy wires. 
0033 FIG. 6 shows another example of a solar energy 
collector system that includes asymmetric lateral guy wires. 
0034 FIG. 7 illustrates another variation of a solar energy 
collector system with asymmetric lateral guy wires. 
0035 FIG. 8 shows a variation of a solar energy collector 
system with an arrangement of longitudinal guy wires. 
0036 FIG. 9 shows another variation of a solar energy 
collector system with an arrangement of longitudinal guy 
wires. 
0037 FIGS. 10A-10C illustrate an example of a receiver. 
0038 FIGS. 11A-11E illustrate an example of a receiver 
that is configured to allow transverse window insertion. 
FIGS. 11A, 11C and 11D illustrate cross-sectional views of 
the receiver, FIG. 11B provides a perspective view of the 
receiver, and FIG. 11E provides a bottom plan view of the 
receiver. 
0039 FIGS. 12A-12C illustrate variations of receivers 
including windows with overlapping window sections. FIGS. 
12B-12C show cross-sectional views along line I-I". 
0040 FIG. 13 shows a variation of a receiver that is con 
figured to accommodate longitudinal thermal expansion and 
contraction. 
0041 FIGS. 14A-14F show variations of receivers in 
which ingress of external air into a cavity housing a solar 
radiation absorberthrough a pathway near a window is inhib 
ited. 
0042 FIG. 15 shows a variation of a receiver comprising a 
roof configured to shed environmental debris away from a 
window in the receiver. 
0043 FIGS. 16A-16B illustrate an example of a receiver 
that comprises solar radiation absorbing tubes, with spacers 
positioned between adjacent tubes. FIG. 16B is an enlarged 
view of encircled region A. 
0044 FIGS. 17A-17B illustrate an example of a method 
for determining spacings between Solar radiation absorber 
tubes. 
004.5 FIGS. 18A-18C shows an example of a receiver in 
which the number and/or quality of thermal conduction paths 
between a cavity housing Solar radiation absorber and struc 
tural elements of the receiver have been reduced. 
0046 FIGS. 19 A-19D illustrate a variation of a receiver in 
which tubes carrying heat exchange fluid are Supported by 
one or more rollers. 
0047 FIGS. 20A-20F show examples of an absorber for a 
receiver comprising a plurality of Solar absorber tubes con 
nected to a header manifold. 
0048 FIGS. 20G-20I show examples of flow control ele 
ments that may be used with solar absorber tubes. 
0049 FIGS. 21A-21C illustrate various configurations of 
flow patterns of a heat exchange fluid through a plurality of 
solar absorber tubes. 



US 2009/0056703 A1 

0050 FIG. 22 illustrates a variation of a jointed vertical 
Support structure, and one method for elevating a receiver or 
a portion of a receiver for a solar energy collector system 
using the jointed vertical Support. 
0051 FIGS. 23 A-23B illustrates another variation of a 
jointed vertical Support structure. 
0052 FIGS. 24A-24D show an example of a carrierframe 
that allows relative alignment of two or more platforms for 
Supporting reflector elements in a solar energy collector sys 
tem. 

0053 FIGS. 25A-25B illustrate an example of a drive 
system for a Solar energy collector System, where the drive 
system comprises a chain that is continuously engaged with 
toothed gear-like engagement member on reflector Support 
that Supports and positions one or more reflector elements. 
FIG. 25B is an enlarged view of encircled region B. 
0054 FIGS. 26A-26B illustrate another example of a 
drive system for a solar energy collector system. FIG. 26B is 
an enlarged view of encircled region C. 
0055 FIG. 27 shows a variation of a drive system for a 
Solar energy collector System, where the drive system 
includes a pivot arm that can adjust tension in a chain that 
drives motion in a reflector Support Supporting one or more 
reflector elements. 
0056 FIGS. 28A-28B illustrate an embodiment of a drive 
system for a Solar energy collector System, where the drive 
system includes a lateral stabilization member to reduce lat 
eral movement by a reflector Support that rotates one or more 
reflector elements. FIG. 28B is an enlarged view of encircled 
region D. 
0057 FIG. 29 illustrates an example of a drive system for 
a Solar energy collector system that comprises a variable 
frequency drive. 
0058 FIG. 30 illustrates an embodiment solar energy col 
lector System comprising multiple reflector rows and multiple 
motorS. 

0059 FIGS. 31A-31C illustrate various embodiments of 
Vertical Support structures for use in Solar energy collector 
systems. 

DETAILED DESCRIPTION 

0060. The following detailed description should be read 
with reference to the drawings, in which identical reference 
numbers refer to like elements throughout the different fig 
ures. The drawings, which are not necessarily to scale, depict 
selective embodiments and are not intended to limit the scope 
of the invention. The detailed description illustrates by way of 
example, not by way of limitation, the principles of the inven 
tion. This description will enable one skilled in the art to make 
and use the invention, and describes several embodiments, 
examples, adaptations, variations, alternatives and uses of the 
invention, including what is presently believed to be the best 
mode of carrying out the invention. 
0061 The terms “solar energy collector system.” “solar 
collector system, and 'solar array' are used interchangeably 
throughout this specification and in the appended claims. In 
addition, unless indicated otherwise, “array' refers to a solar 
array, and “absorber' refers to a solar radiation absorber. The 
singular forms “a” “an.” and “the include plural referents 
unless the context clearly indicates otherwise. Also, the term 
“parallel' is intended to mean “substantially parallel' and to 
encompass minor deviations from parallel geometries rather 
than to require that parallel rows of reflectors, for example, or 
any other parallel arrangements described herein be exactly 
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parallel. The phrase “generally in a north-south direction” or 
as used herein is meant to indicate a direction orthogonal to 
the earth's axis of rotation within a tolerance of about +/-45 
degrees. For example, in referring to a row of reflectors 
extending generally in a north-south direction, it is meant that 
the reflector row lies parallel to the earth's axis of rotation 
within a tolerance of about +/-45 degrees. 
0062 Disclosed herein are examples and variations of 
Solar energy collector Systems, components for Solar energy 
collector systems, and related methods. The Solar energy 
collector systems may be LFR solar arrays. The components 
may include reflectors for directing incident Solar radiation to 
a receiver, receivers for receiving and at least partially absorb 
ing Solar radiation, Solar radiation absorbers, drives and drive 
systems for positioning the reflectors, Support structures for 
elevated receivers, support structures or carrier frames for 
reflector elements, and additional stabilizing elements, such 
as guy wires, for stabilizing or securing any part of a Solar 
array. The components described here may be used in any 
combination in a solar energy collector system. Further, any 
suitable receiver, solar radiation absorber, reflector, drive, 
drive system, Support structure, stabilizing element, or 
method disclosed herein, known to a person of ordinary skill 
in the art, or later developed, may be used in the solar collector 
systems described herein. Receivers, solar radiation absorb 
ers, reflectors, drives, drive systems, associated Support struc 
tures and stabilizing elements, and methods disclosed herein 
may be used in other solar collector systems (e.g., LFR solar 
arrays) known to one of ordinary skill in the art or later 
developed. 
0063. The following is a general description of solar 
energy collector systems that may be used in conjunction with 
any one of, or any combination, of the components for Solar 
collector systems that are described below. Additional 
examples of Solar energy collector systems are included 
throughout this detailed description in connection with spe 
cific components and methods disclosed herein, e.g., reflec 
tors, receivers, absorbers, drives, drive systems, support 
structures, stabilizing elements, and related methods. 
0064. Referring to FIGS. 1A-1C, an example of a LFR 
array is illustrated. This example is presented generally to 
encompass systems or arrays that are arranged in either east 
west or north-west orientations. LFR array 7 comprises an 
elevated receiver 5 that is positioned above, but horizontally 
between, two reflector fields, 10 and 16. The arrow 21 repre 
sents the diurnal east-west path of the Sun over array 7. For a 
north-south oriented array, direction A will represent an east 
ern direction and direction B will represent a western direc 
tion. Reflector field 10 comprises reflectors 12 that are 
arranged in M parallel, side-by-side reflector rows 12R 
12.R. Reflector field 16 comprises reflectors 14 that are 
arranged in N parallel, side-by-side reflector rows 14R 
14R. As shown in FIG. 1B, a single reflector row may 
comprise one or more reflectors, e.g., 2 to 6. Within a given 
reflector row comprising multiple reflectors, the multiple 
reflectors may extend generally along a common plane, e.g., 
reflectors 14 in reflector row 14R may extend generally 
along common plane 18. Rays 13 represent the path of solar 
radiation from the Sun incident on the reflectors 12 and 14. 
Rays 13' represent the path of solar radiation reflected from 
reflectors 12 and 14 to elevated receiver 5. In typical LFR 
arrays, the reflectors may be curved mirrors that form a line 
focus at the receiver. 
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0065 Referring now to FIG. 1C, the angle of incidence 0 
is shown between an incident ray 13 and an axis Z normal to 
the incident reflective surface 20 of a reflector (e.g., a reflector 
12). The reflector has a width D. Because ray 13 is incident on 
the surface 20 at a non-normal angle 0, the effective collection 
width d of the reflector is given by d=D cos(0). Therefore, the 
effective collection area of a reflector decreases as the angle 
of incidence increases. In addition, reflective losses may 
increase as the angle of incidence increases, and optical aber 
rations such as astigmatism may increase as the angle of 
incidence increases. Optical aberrations may reduce the abil 
ity to focus solar radiation reflected by a reflector to the 
receiver, thereby blurring the focus of radiation incident on 
the receiver and decreasing collection efficiency. 
0066 For systems having multiple reflector fields, the 
reflector fields may be symmetric or asymmetric with respect 
to a receiver. The composition and/or arrangement of the 
reflector fields may, for example, be determined to increase 
ground area usage and/or system collection efficiency. Refer 
ring again to FIG. 1A, the two reflector fields 10 and 16 may 
be symmetric or asymmetric with respect to elevated receiver 
5. In this example, receiver 5 has a plane of symmetry 19. M 
and N, representing the number of reflector rows on opposite 
sides of plane 19, may be the same or different. In variations 
of arrays that are designed to be oriented east-west, M and N 
may be different. The reflector field on the pole side of the 
receiver (e.g., the north pole for a system being used in the 
northern hemisphere) may have more reflectors than the 
reflector field on the equatorial side of the receiver). 
Examples of east-west arrays are described in U.S. patent 
application Ser. No. 1 1/895,869, filed Aug. 27, 2007, and 
International Patent Application Serial No. PCT/AU2007/ 
001232, filed Aug. 27, 2007, each of which has previously 
been incorporated herein by reference in its entirety. Alterna 
tively, the number of reflector rows on opposite sides of a 
center of a receiver (e.g., M and N in FIG. 1A) may be the 
same. For example, arrays designed to be oriented north 
south may be symmetrical with respect to the number of 
reflectors in two reflector fields reflecting solar radiation to a 
common receiver. 

0067 For a given reflector field, adjacent reflector rows 
may be spaced apart by a constant row spacing, or by variable 
row spacings. For example, reflectors in a first reflector row 
that are less tilted relative to reflectors in an adjacent second 
reflector row may be packed closer together with the reflec 
tors in the adjacent second row, without causing shading. 
Referring again to FIG. 1A, the spacing between adjacent 
reflector rows x and x+1 in reflector field 10 is 15R, 
where 1sxsM. The spacing between adjacent reflector rows 
y and y+1 in reflector field 12 is 17R, where 1sysN. 
Thus, the inter-reflector row spacings 15R, may be con 
stant, or 15R may be varied as X is varied, and the inter 
reflector row spacings 17R1 may be constant, or 17R 'y'-- --l 
may be varied as y is varied. 
0068. In certain variations of arrays, the spacing between 
adjacent reflector rows may vary generally as the distance 
between the reflectors rows and the receiver. That is, reflector 
rows closer to the receiver may be spaced closer together than 
reflector rows further from the receiver. For example, as illus 
trated in FIG. 1A, for reflector field 10, the spacing between 
the first two rows of reflectors 15R closest to receiver 5 may 
be smaller than the spacing between spacing 15R 
between the two rows of reflectors that are most distant from 
receiver 5. Similarly, for reflector field 16, the spacing 
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between the first two rows of reflectors 17R closest to 
receiver 5 may smaller than the spacing 17R between the 
two rows of reflectors most distant from receiver 5. Such 
reflector row spacing variations may be appropriate for north 
South oriented arrays. In certain variations of arrays, the inter 
row spacing between reflector rows may vary between reflec 
tor fields. Such a configuration may be appropriate for east 
west oriented arrays. For example, reflector rows in an 
equatorial field may be spaced closer together than reflector 
rows in a polar field, because the reflectors in a reflector row 
in an equatorial field may be less tilted with respect to reflec 
tors in an adjacent row. 
0069. The use of variable row spacings may allow closer 
packing of reflector rows, resulting in improved use of ground 
area and/or reduction of shading of reflectors caused by adja 
cent reflectors. In some systems, a reflector area to ground 
area ratio may be greater than about 70%, or greater than 
about 75%, or greater than about 80%. Combinations of con 
stant spacings and variable spacings between reflector rows 
may be used. For example, a first group of reflector rows, e.g., 
those closest to the receiver, may be spaced apart by a first 
constant relatively narrow spacing. A second group of reflec 
torrows, e.g., those farthest from the receiver, may be spaced 
apart by a second constant relatively wide spacing. In addi 
tion, different spacing schemes may be used between differ 
ent reflector fields in a single system. For example, one reflec 
tor field may have constant reflector row spacings and one 
reflector field may have variable reflector row spacings. For 
north-south oriented arrays including reflector rows that are 
about 2.3 meters wide directing solar radiation to an absorber 
of about 0.6 meter wide positioned about 15 meters above the 
reflectors, center-center inter-row reflector separations may 
range from about 2.6 meters to almost 3 meters (e.g., about 
2.9 meters). 
0070. It should be noted that the diurnal sun moves 
through an angle less than about 90° in the north-south direc 
tion, as compared with an angle approaching about 180° in 
the east-west direction. Therefore, for east-west oriented 
arrays, each reflector in a reflector field need only pivotally 
move less than about 45° to follow the sun during each diurnal 
period. As a result, the angles of incidence for reflectors in a 
polar reflector field are generally less than those for reflectors 
in an equatorial reflector field. Hence, a reflector in a polar 
reflector field may have greater effective collection area and 
produce improved focus at the receiver than a corresponding 
reflector in the equatorial reflector field positioned the same 
distance from the receiver. Because of the improved effi 
ciency of polar reflectors, the overall collection efficiency of 
a solar array may be improved by increasing the relative 
reflector area in the polar reflector field as compared to the 
equatorial reflector field, e.g., by increasing the number of 
reflectors in the polar field. 
0071 Solar energy collector systems may comprise mul 
tiple elevated receivers, and multiple reflector fields config 
ured to direct incident light to the elevated receivers. Refer 
ring now to FIG. 2A, solar array 201 includes four reflector 
fields, 210, 212, 214, and 216. Reflector row 211 includes 
multiple reflectors 211a. Reflectors 2.11a in a reflector row 
may be coupled together in a collinear fashion. For example, 
reflectors 211a may be coupled together via a common reflec 
tor Support 222 (e.g., a hoop) at junction regions 223. Sup 
ports 222 may be configured to rotationally drive one or more 
reflectors coupled thereto to at least partially track diurnal 
motion of the Sun. Reflectors in a single row or a segment of 
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a single row may be driven by a drive, e.g., by a motor (not 
shown) coupled to a master reflector Support 224, which may 
be positioned internally within the row or row segment to be 
driven to reduce torsional effects at portions of reflector rows 
located furthest from the master reflector support. Row seg 
ments comprising 2, 4, 6, or any suitable number of reflectors 
may be driven by a drive coupled to a master reflector support. 
Reflector rows or row segments may be driven individually, 
or reflector rows or row segments may be driven collectively, 
in groups (e.g., regionally). A single drive may rotate more 
than one reflector row or row segment, or multiple drives may 
be synchronized or coordinated to rotate more than one 
reflector row or row segment at the same time. 
0072 A drive system used in the arrays may comprise any 
Suitable reflector Supports that are configured to Support and 
rotate one or more reflector elements. In general, the reflector 
Supports comprise a frame portion configured to Support one 
or more reflector elements, a base, and a linkage rotationally 
coupling the frame portion to the base so that the frame 
portion may be rotated through the linkage to position the one 
or more reflector elements. The reflector supports may be 
selected to reduce the amount of shading from the Support on 
any reflector element, e.g., one or more reflector elements 
supported by that reflector support and/or one or more reflec 
tor elements Supported by adjacent or nearby reflector Sup 
ports. For example, a reflector Support in a drive system may 
be configured such that a frame portion of the reflector Sup 
port is substantially confined to one side of a planar region 
generally defined by a reflective surface of one or more reflec 
tor elements Supported by the frame, e.g., so that the frame is 
substantially beneath that reflective surface during operation. 
A reflector Support may also be configured to have strength 
and/or stability, e.g., torsional strength and/or stability, Such 
that one or more reflector elements supported by that reflector 
support does not substantially twist or distort when that 
reflector support is rotated. 
0073. As described above, a reflector support in a drive 
system may be configured to be a master reflector Support or 
a slave reflector support, or to be convertible between a master 
reflector Support and a slave reflector Support. A master 
reflector Support may be coupled to a drive (e.g., a drive 
comprising a motor). A slave reflector Support may not be 
directly coupled to a drive, and instead may be coupled to a 
master reflector Support (or another slave Support that is 
coupled to a master Support) so that rotation of the master 
reflector support drives coordinated rotation in the slave 
reflector Support. In that manner, a single drive may be used to 
rotate a reflector row or reflector row segment. A master 
reflector and drive may be configured to drive any suitable 
number of slave reflector Supports, e.g., one, two, three, four, 
five, six, seven, eight, nine, ten, or eleven, or even more. 
0074. Some variations of reflector supports that may be 
used in drive systems for Solar energy collector arrays, e.g., 
linear Fresnel reflector arrays, are illustrated in FIGS. 2B-2D. 
Each of these variations of Supports may be configured as a 
master reflector support or as a slave reflector support. Refer 
ring first to the variation illustrated in FIG. 2B, reflector 
support 260 comprises a hoop-like frame 261 that is config 
ured to support one or more reflector elements (not shown). 
The frame 261 may optionally comprise one or more cross 
members 262. If present, cross-members 262 may add tor 
sional strength to the frame. In some variations, a reflector 
element (not shown) may be coupled to a cross-member 262. 
In the particular variation illustrated in FIG. 2B, reflector 
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Support 260 may comprise a base 263 and a linkage rotation 
ally coupling frame 261 to the base. In this particular 
example, the linkage comprises one or more rotational ele 
ments 264 (e.g., wheels). If reflector support 260 is config 
ured to be a master reflector Support, a drive (e.g., a motor) 
265 may be coupled to the reflector support. A drive may be 
coupled to a master Supportin any Suitable manner, e.g., using 
one or more gears, belts, drive chains, pivot arms and the like. 
If reflector support 260 is configured to be a slave support, 
then a drive 265 may not be directly coupled to the reflector 
support 260, and instead the reflector support 260 may 
coupled to and driven by another reflector Support (e.g., 
through one or more longitudinal members (not shown) 
extending between reflector supports). Additional details 
regarding drive systems incorporating Such hoop-like reflec 
tor supports are provided below. 
0075 Other variations of reflector supports may be used in 
the drive systems and arrays described herein. Referring now 
to FIG. 2C, a reflector support 270 comprises a base 271 and 
a frame 272. The base 272 may for example comprise one or 
more posts or pedestals. One or more reflector elements 276 
may be supported by frame 272. The frame 272 may be 
rotationally coupled to the base 271 via a linkage. In this 
example, the linkage comprises a hub 273 comprising one or 
more bearings configured to rotate about an axle 274, where 
the hub 273 is configured to support frame 272. In some 
variations, axle 274 may comprise two stub axles. In this 
variation, frame 272 is substantially confined to one side of a 
plane 278 generally defined by a reflective surface 277 of one 
or more reflector elements 276. Thus, frame 272 may be 
substantially beneath reflective surface 277 during operation 
and may therefore reduce shading by the reflector support 270 
on any reflector elements in the array. It should be pointed out 
that reflective surface 277 may be curved (concave), so that 
plane 278 may be only generally or approximately defined by 
reflective surface 277. Ifreflector support 270 is configured to 
be a master Support, a drive (not shown) may be coupled to 
axle 274 and/or hub 273 to rotate frame 272 about axle 274. 
Any suitable drive may be used to rotate frame 272 about axle 
274. For example, any combination of gears, belts, drive 
chains, pivot arms, and the like coupled to a motor may be 
used. If reflector support 270 is configured to be a slave 
support, it may be coupled to and driven by another reflector 
Support (e.g., through one or more longitudinal members (not 
shown) extending between reflector Supports). 
0076 Still other variations of reflector supports may be 
used. Referring to FIG. 2D, a reflector support 280 may 
comprise a frame 281 that comprises a portion of a hoop. 
Although the variation shown in FIG. 2D shows frame 281 as 
an approximately 180° arc of a hoop, other variations are 
possible in which different frames having arcs extending 
either more or less than about 180° around a hoop are used. 
Frame 281 may optionally comprise one or more spokes 287 
that may provide torsional stability to the reflector support. 
Frame 281 may comprise a cross-member 282 that may for 
example be coupled to one or more reflector elements 289. 
Similar to the variation illustrated in FIG. 2B, reflector Sup 
port 280 may comprise one or more rotational elements 284 
(e.g., wheels) which may be mounted to a base 283. In this 
variation, frame 281 is confined to one side of a plane 290 
generally defined by reflective surface 288 of the one or more 
reflector elements 289. Therefore, reflector supports similar 
to those illustrated in FIG. 2D may cause reduced shading of 
reflector elements in a solar array. As with reflector supports 
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260 and 270, reflector support 280 may be configured as a 
master support configured to be driven by a motor 285, or may 
be configured as a slave Support that is coupled to and driven 
by another reflector Support (e.g., via one or more longitudi 
nally members (not shown) extending between reflector Sup 
ports). 
0077. Any combination of reflector supports and reflector 
Support types may be used within an array or withina reflector 
row in an array. The combination of reflector Supports may be 
selected to provide increased torsional stability along a row, 
reduced shading, ease of installation, ease of manufacturing, 
and/or cost. In some variations of arrays, such as array 201 
illustrated in FIG. 2A, a majority of reflector supports may 
comprise hoop-like frames. In FIG.2E, a drive system 291 for 
use in an array (e.g., in a portion of a reflector row in an array) 
is illustrated in which a master reflector support 292 com 
prises a hoop-like frame 293 and is driven by drive 294. Slave 
reflector supports 295 are in turn coupled lengthwise together 
via longitudinally-extending member (not shown) so that 
reflective elements 296 extend between adjacent ones of the 
reflector supports. Rotation of master support 292 then drives 
rotation of all reflector elements 296 in the row or row seg 
ment. In the drive system variation illustrated in FIG. 2D, 
slave supports 295 are selected to be similar to those illus 
trated in FIG. 2C, which may reduce the overall shading 
experienced by an array comprising drive system 291. Other 
combinations of reflector supports may be used within a row 
or row segment, e.g., slave Supports at one or both ends of a 
row segment may comprise hoop-like frames. 
0078. As indicated above, some arrays may comprise 
more than one receiver. Array 201 in FIG. 2 includes two 
receivers 205 and 215. Receiver 205 is elevated above and 
positioned horizontally between reflector fields 210 and 212, 
and receiver 215 is elevated above and positioned horizon 
tally between reflector fields 214 and 216. Reflectors in 
reflector fields 210 and 212 are configured to direct incident 
solar radiation to receiver 205, and reflectors in reflector fields 
214 and 216 are configured to direct incident solar radiation to 
receiver 215. Receivers may have a generally horizontally 
oriented aperture (e.g., aperture 250 for receiver 205), 
through which solar radiation is directed to be incident on a 
Solar energy absorber (not shown) in a receiver. In some 
variations, a window that is Substantially transparent to Solar 
radiation may cover at least part of a receiver aperture (e.g., 
window 240 is placed in aperture 250 of receiver 205). The 
receivers may comprise multiple receiver structures (e.g., 
205a and 215a) that are joined together to form an elongated 
receiver. Receivers 205 and 215 are supported with vertical 
Support structures (e.g., stanchions) 218 and stabilized with 
guy wires 219. The guy wires may be ground-anchored, or 
they may be anchored to another structure. 
0079 A LFR array may occupy a ground area of about 
5x10 m to about 25x10 m. For example, an array may 
comprise a single receiver and two fields of reflectors 
arranged on opposite sides of the receiver to occupy a ground 
area of about 8.5x10 m. Other arrays may comprise mul 
tiple receivers and multiple reflector fields to occupy larger 
ground areas, e.g., about 5x10 m to about 25x10 m. For 
example, the arrays illustrated in FIGS. 1A-1C and FIG. 2A 
may comprise a portion of a larger LFR array having a plu 
rality of receivers and a plurality of reflector fields. In larger 
arrays, the plurality of receivers and corresponding reflector 
fields may be arranged side-by-side and parallel to each other, 
as are receivers 205 and 215 and reflector fields 210, 212, 214, 
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and 216 in FIG. 2A. In other variations of systems, the plu 
rality of receivers and reflector fields may be arranged in 
alternate configurations. 
0080. The reflectors used in the solar energy collector 
systems may be any suitable reflectors described here, known 
to one of ordinary skill in the art, or later developed. Non 
limiting examples of suitable reflectors are disclosed in Inter 
national Patent Applications Nos. PCT/AU2004/000883 and 
PCT/AU2004/000884, each of which is hereby incorporated 
by reference herein in its entirety. 
0081. As illustrated in FIGS. 3 and 4, suitable reflectors 
may have, for example, circular arc or parabolic cross-sec 
tions to focus the reflected radiation at a target distance. 
Typically, the focused image may be a line focus. Focal 
lengths of reflectors may be from about 10 meters to about 25 
meters. For reflectors having circular arc cross-sections, these 
focal lengths correspond to radii of curvature of about 20 
meters to about 50 meters, respectively. Some variations of 
reflectors may have focal lengths that are approximately 
equivalent to a distance from a reflective surface of the reflec 
tor to the receiver. Other variations of reflectors may have 
focal lengths that are longer than a distance from a reflective 
surface of the reflector to the receiver. 

I0082 Referring now to FIG. 3, a solar array 301 includes 
a reflector 311 that is configured to direct incident solar radia 
tion to an elevated receiver 305 that includes a solar radiation 
absorber (not shown). Reflector 311 may be part of a reflector 
field comprising parallel rows of reflectors directing incident 
light to receiver 305, where the rows of reflectors are driven to 
at least partially track diurnal motion of the sun. A reflective 
surface 307 of reflector 311 reflects light beam 313 that is 
incident at angle 8 so that reflected light beam 313' forms a 
focused image 325 at receiver 305 (e.g., at a solar radiation 
absorber in receiver 305). In some variations, reflector 311 
may be configured to provide a line focus, e.g., reflector 311 
may be a cylindrical mirror. For reference, dashed lines 318 
illustrate the path of a light beam that is incident on reflective 
surface 307 at a normal angle and is reflected to form a 
focused image 310 at a distance 320 from reflective surface 
307. Distance 320 corresponds to the focal length of reflector 
311. However, for light beam 313 that is incident on reflective 
surface 307 at a non-normal angle 6, light rays 313' reflected 
from first and second reflector edges 315 and 316 may form 
their sharpest focused image 325 at a distance 322 that does 
not correspond to focal length 320, e.g., at a distance that is 
less than focal length 320. Thus, reflectors for light that is 
close to normal incidence may have a focal length that is 
approximately equal to a distance between the reflective Sur 
face and the receiver, and reflectors for light that is far from 
normal incidence may have focal lengths longer than a dis 
tance between their reflective surfaces and the receiver. 
Increased overall system collection efficiency may be 
achieved by using the latter reflectors to at least partially 
compensate for astigmatic effects due to non-normal inci 
dence of light. 
0083. As the distance between a reflector and its corre 
sponding receiver increases, the required focal length for the 
reflector may also increase. Accordingly, the size of the 
focused image at the receiver may also increase. If the 
focused image is larger than the receiver, or leaks past the 
receiver, then the collection efficiency of the receiver may be 
decreased. Reflectors that are positioned the farthest from the 
receiver are closest to the periphery of the array. Hence, the 
angle of incidence on a Surface of the receiver increases for 
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peripherally-positioned reflectors, which may lead to 
increased losses at the receiver, e.g., reflective losses and/or 
losses due to poor focusing of astigmatic reflections as dis 
cussed above. 

0084. Referring now to FIG. 4, a solar array 401 includes 
a reflector 411 that is configured to direct incident solar radia 
tion 413 to a receiver 405 that includes a solar radiation 
absorber (not shown). Similar to reflector 311 in FIG. 3, 
reflector 411 may be part of a reflector field. Reflective sur 
face 407 of reflector 411 reflects light beam 413 that is inci 
dent at angle (p so that reflected light beam 413' forms a 
focused image 425 at receiver 405 (e.g., at a solar radiation 
absorber in receiver 405). In some variations, reflector 411 
may be configured to provide a line focus, e.g., reflector 411 
may be a cylindrical mirror. For reference, dashed lines 415 
illustrate the path of light beam that is incident on reflective 
surface 407 at a normal angle and is reflected to form a 
focused image 410 at a distance 420 from reflective surface 
307. Distance 420 corresponds to the focal length of reflector 
411. In this example, incident light beam 413 strikes reflective 
Surface 407 at a relatively large non-normal angle (p. Light 
rays 413' reflected from first and second reflector edges 415 
and 416 may form their sharpest focused image 425 at a 
distance 422 is less than focal length 420. To compensate for 
this astigmatic effect, the focal length of a reflector may be 
chosen to be longer than the distance between the reflective 
surface of the reflector and the receiver, e.g., an absorber in 
the receiver. For example, reflectors having a focal length 
from about 1% to about 15% (e.g., about 1%, about 2%, about 
5%, about 10%, or about 15%) longer than the distance 
between their reflective surface and the receiver may be used. 
0085. In some arrays, peripheral reflectors positioned rela 

tively far from a receiver may have focal lengths longer than 
their distance from the receiver. Some variations of arrays 
may comprise a series of parallel reflector rows each directing 
incident light to an elevated receiver. The focal lengths of the 
reflectors in the respective reflector rows may follow a pro 
gression so that those reflectors farthest from a transverse 
center of the receiver are the longest. Such progressions may 
include monotonic increases in reflector focal length as a 
distance from the transverse receiver center increases, or any 
general trend or general correlation between increasing 
reflector focal length with increasing receiver-reflector dis 
tances. In some arrays, only the outermost reflector rows may 
comprise reflectors having focal lengths longer than their 
respective reflective surface-solar absorber distances. For 
example, for arrays having two reflector fields directed to a 
single absorber, only two or four of the most peripheral rows 
may have focal lengths longer than their respective reflective 
Surface-solar absorber distances. Solar energy collector sys 
tems utilizing one or more reflectors having focal lengths 
longer than their distance to the receiver may have overall 
collection efficiencies, such as annualized light collection 
efficiencies, that are increased by about 1%, about 2%, about 
3%, about 4%, about 5%, about 6%, or even more, e.g., about 
10%. 

I0086 Reflectors may have any suitable dimensions. Of 
course, reflectors may be unitary in nature, and comprise a 
single reflector element, or reflectors may comprise multiple 
reflector elements. Dimensions of reflectors and/or reflector 
elements may be selected based any combination of the fol 
lowing considerations: System collection efficiency, manu 
facturing requirements, manufacturing costs, availability of 
materials, cost of materials, ease of handling and/or transpor 
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tation, field maintenance requirements, lifetime, and/or ease 
of installation. In some variations, reflectors may have 
lengths of about 10 meters to about 20 meters, and widths of 
about 1 meter to about 3 meters. The reflectors may have 
lengths of about 10 to about 20 meters, e.g., about 12 meters, 
about 14 meters, about 16 meters, or about 18 meters, and 
widths of about 1 meter to about 3 meters, e.g., about 1.3, 
about 1.4 meters, about 1.5 meters, about 1.6 meters, about 
1.7 meters, about 1.8 meters, about 1.9 meters, about 2.0 
meters, about 2.1 meters, about 2.2 meters, about 2.3 meters, 
about 2.4 meters, about 2.5 meters, about 2.6 meters, about 
2.7 meters, about 2.8 meters, or about 2.9 meters. The reflec 
tors may have lengths of about 16 meters and widths of about 
2.2 meters. In some cases, focallengths of reflectors or reflec 
torelements may be indicated in a readily discernible manner, 
e.g., by color coding, to aid in assembly of Solar arrays. 
I0087. One or more reflector rows in a solar energy collec 
tor system may have an overall length of about 200 meters to 
about 600 meters, e.g., about 200 meters to about 400 meters, 
or about 400 meters to about 600 meters. In some systems, 
reflector rows may have the same or similar overall lengths. 
As illustrated in FIG. 2A, reflector rows may comprise groups 
of reflectors that are interconnected to form a row segment 
that may be driven collectively. Such a row segment may 
comprise, for example, 2 reflectors, 4 reflectors, 6 reflectors, 
or any suitable number of reflectors. A collectively-driven 
row segment may be driven by one or more motors. Reflector 
rows or row segments may be driven sequentially, e.g., one 
row segment rotated at a time, or reflector rows or row seg 
ments may be driven simultaneous, e.g., more than one row 
segment rotated at once in a bulk move. Drives and drive 
systems that may be used for rotating and positioning reflec 
tors are described in more detail below. 

I0088. The receiver or receivers in solar energy collector 
systems may be any suitable receiver described herein, 
known to one of ordinary skill in the art, or later developed. 
Suitable receivers may include, for example, those disclosed 
in International Patent Application No. PCT/AU2005/ 
000208, which is hereby incorporated by reference in its 
entirety. Receivers may be, for example, photovoltaic receiv 
ers capable of absorbing incident Solar radiation and convert 
ing the Solar radiation to electricity, or thermal receivers 
capable of absorbing incident Solar radiation to heat a work 
ing or heat exchange fluid in the receiver. For example, a heat 
exchange fluid Such as water may be flowed through the 
receiver. As shown in FIG. 2A, receivers when installed may 
be elongated and have an overall or generally horizontal 
orientation, with a generally horizontally-oriented aperture 
that allows transmission of light to a Solar radiation absorber 
in the receiver. 

0089. As indicated above, some variations of receivers 
may comprise multiple receiver structures. The receiver 
structures may be interconnected. Receiver structures may be 
arranged and/or interconnected in a longitudinal (i.e., length 
wise) and/or a transverse (i.e., widthwise) manner to form 
receivers. Receivers may have overall lengths, including 
receiver structures, that are similar to the overall length of the 
corresponding reflector rows, e.g., about 200 meters to about 
600 meters (e.g., about 200 meters to about 400 meters, or 
about 400 meters to about 600 meters). Receiver structures 
may have lengths of, for example, about 8 meters to about 20 
meters and overall widths of about 0.5 meters to about 3 
meters, e.g., about 0.5 meters to about 1 meter, or about 1 
meter to about 2 meters, or about 2 meters to about 3 meters. 
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For example, in Some variations a receiver structure may have 
a length of about 12 meters and an overall width of about 1.3 
to about 1.4 meters. Suitable receivers may have one or more 
solar radiation absorbers, where the absorbers are tubes and/ 
or flat plates, or groups of tubes and/or flat plates. One or more 
absorbers, including a group of tubes and/or flat plates mak 
ing up an absorber, may have a width of about 0.3 meter to 
about 1 meter, or any other suitable width. 
0090. In solar energy collector systems including multiple 
receivers, receivers may be spaced apart by about 20 to about 
35 meters, or by any suitable inter-receiver spacing. The 
receivers may be elevated above the reflectors with their 
absorbers positioned at a height of about 10 meters to about 
20 meters above the reflectors, e.g., about 15 meters above the 
reflectors. In arrays with multiple receivers, the receivers may 
be positioned all at the same or similar heights above the 
reflectors, or at different heights above the reflectors. 
0091 Elevated receivers may be supported by any suitable 
method. For example, receivers may be supported by vertical 
Support structures such as stanchions, as illustrated in FIG. 
2A. The Vertical Support structures, in turn, may be Supported 
or stabilized by cables or guy wires, e.g., guy wires that are 
anchored to the ground and/or to anotheranchoring structure. 
In some variations, two or more guy wires may be used to 
Support a single vertical Support structure, e.g., two guy wires 
that extend laterally from opposing sides of a vertical Support 
structure as illustrated for guy wires 219 stabilizing support 
Structures 218 in FIG. 2A. 

0092 Guy wires, if present, may extend generally laterally 
or longitudinally from a vertical Support structure. For 
example, as discussed in more detail below, one or more 
ground-anchored guy wires may extend laterally from a ver 
tical Support structure. Alternatively, or in addition, one or 
more longitudinal guy wires may extend between adjacent 
ones of the vertical Support structures. Any combination of 
lateral and/or longitudinal guy wires may be used to stabilize 
Vertical Support structures Supporting a receiver. For 
example, at least some vertical Support structures may not be 
stabilized by any lateral guy wires. In other variations, only 
alternate ones of vertical support structures may be stabilized 
by lateral guy wires. In still other variations, only every third 
or fourth or greater interval vertical support structure may be 
stabilized by lateral guy wires. 
0093. When a set of guy wires comprising two or more guy 
wires is used to stabilize a vertical Support structure in a 
system, one guy wire in the set may be asymmetric relative to 
another guy wire in the set by having a different spring con 
stant or resonance than the other guy wire. Resonances in guy 
wires may be excited by external environmental effects such 
as wind and/or seismic activity, as well as internal effects Such 
as motor vibrations or reflector motions. By selecting a set of 
guy wires that includes guy wires with different natural reso 
nances to stabilize a Support structure, the Solar energy col 
lector system as a whole may be stabilized. If the resonance 
frequencies in guy wires do not match, an excited resonance 
in one wire may not amplify a resonance in another wire. In 
addition, if the resonance frequencies of guy wires used to 
stabilize a Support structure are different, an excited reso 
nance in one wire may not couple to and excite the same 
resonances in the system, again leading to improved system 
stability. Further, one guy wire in a set may be chosen to have 
a resonance that can couple with and damp a resonance in one 
or more different guy wires in the set. 
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0094 Spring constants or resonances of a guy wire may be 
varied in any suitable manner, e.g., by changing the length, 
the material, the tension, and/or a diameter of the guy wire. 
For guy wires comprising more than one strand, a spring 
constant of the guy wire may be varied by varying the number 
of Strands, the diameter, and/or the material composition of 
one or more strands. In addition, a pattern of weaving, braid 
ing, and/or intermeshing of strands used to form the guy wire 
may be changed to adjust a spring constant of the wire. 
(0095 For the array 501 illustrated in FIG. 5, a vertical 
support structure 522 holds elevated receiver 505 above, but 
horizontally between reflector fields 510 and 512. In this 
variation, receiver 505 includes absorber 506, window 507, 
receiver channel 509, and roof 508. Reflector field 510 
includes reflectors 514 that are supported and positioned by 
carrier frames 515. Reflector field 512 includes reflectors 516 
that are supported and positioned by carrier frames 517. Guy 
wires 550 and 551 stabilize vertical support structure 522, 
with guy wire 550 extending laterally, generally in the direc 
tion of reflector field 510, and guy wire 551 extending later 
ally, generally in the direction of reflector field 512. Guy 
wires 550 and 551 may be ground-anchored, or anchored to 
another anchoring structure. Guy wire 550 is coupled to ver 
tical support structure 522 at a first coupling point 523, 
anchored at a first anchoring point 524, and has a first reso 
nant frequency between the first coupling and anchoring 
points 523 and 524. Guy wire 551 is coupled to vertical 
support structure 522 at a second coupling point 525, 
anchored at a second anchoring point 526, has a second 
resonance frequency between second coupling and anchoring 
points 525 and 526. In this variation, guy wires 550 and 551 
have different resonance frequency due to their different 
respective lengths, 560 and 561, between first coupling and 
anchoring points 523 and 524, and between second coupling 
and anchoring points 525 and 526. Thus, a resonance excited 
in guy wire 550, e.g., by wind or vibration, and transferred to 
vertical support structure 522 or another part of array501 may 
not be excited or amplified by guy wire 551. Further, a reso 
nance excited in one of guy wire 550 or 551 may couple to and 
damp a resonance excited in the other of guy wire 551 and 
550. In some variations, the coupling mechanism of guy wires 
to a vertical Support member (e.g., at coupling points 523 and 
525) may be designed to reduce transfer of resonances excited 
in guy wires to other parts of the array. For example, the 
coupling points may include vibration damping materials or 
Structures. 

0096. As indicated above, the natural resonance frequen 
cies of guy wires may be tuned using techniques other than or 
in addition to changing wire length. For example, as illus 
trated in FIG. 6, array 601 includes a vertical support structure 
622 supporting an elevated receiver 605 above, but horizon 
tally between, reflector fields 610 and 612. Guy wire 650 is 
coupled to vertical Support structure 622 at first coupling 
point 623, anchored to the ground oran anchoring structure at 
first anchoring point 624, and has a first resonance frequency 
between first coupling and anchoring points 623 and 624. 
Guy wire 651 is coupled to vertical support structure 622 at 
second coupling point 625, anchored to the ground or to an 
anchoring structure at second anchoring point 626, and has a 
second resonance frequency between second coupling and 
anchoring points 625 and 626. In this variation, guy wires 650 
and 651 have the same length 662, but still have different 
resonance frequencies due to their different respective 
widths, 660 and 661. 
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0097 Asymmetric guy wires in a set of guy wires may 
have resonance frequencies that are different by any suitable 
amount to improve stability in a solar energy collector sys 
tem. For example, one guy wire in a set may have a resonance 
frequency that is about 20%, about 30%, about 40%, about 
50%, about 60%, about 70%, or about 80% different than 
another guy wire in the set. As used herein, when two guy 
wires are referred to as having different resonance frequen 
cies, it is meant that two guy wires should not have the same 
fundamental resonance frequencies, and also should not be 
overtones or harmonics of each other. 

0098 Guy wires may be selected and arranged in any 
Suitable manner to Support and Stabilize a series of Vertical 
Support structures in a Solar array. For example, as shown in 
FIGS. 5 and 6, a set of guy wires comprising two asymmetric 
guy wires may be used to Support a single vertical Support 
structure. In other variations, a set of guy wires comprising 
two asymmetric guy wires may be used to Support more than 
one vertical Support structure. For example, as illustrated in 
FIG. 7, array 701 includes vertical support structures 722 and 
723. Vertical support structure 722 supports receiver 705 
above and horizontally between reflector fields 710 and 712. 
Vertical support structure 723 supports receiver 715 above 
and horizontally between reflector field 714 and 716. A first 
guy wire 750 is attached to vertical support structure 722 at a 
first coupling point 723, extends laterally to one side of array 
701, and is anchored to the ground or an anchoring structure 
at first anchoring point 724. First guy wire 750 has a first 
resonance frequency between first coupling and anchoring 
points 723 and 724. A second guy wire 751 is attached to 
vertical support structure 723 at a second coupling point 725, 
extends laterally from an opposing side of array 701, and is 
anchored to the ground or to an anchoring structure at a 
second anchoring point 726. The second guy wire has a sec 
ond resonance frequency between second coupling and 
anchoring points 725 and 726. In this variation, guy wires 750 
and 751 have different respective lengths 760 and 761, lead 
ing to different resonances that do not couple effectively to 
each other. In some cases, the resonances of one of the 
anchored wires may be chosen so that it couples to and damps 
a resonance in another wire. 

0099. As shown in FIG. 7, some variations of arrays may 
include an interconnection member between adjacent vertical 
support structures. Interconnection member 752 intercon 
nects and stabilizes vertical support structures 722 and 723. 
Interconnection member may be a wire, a cable, a bar, or any 
suitable structure that can stabilize vertical support structures 
and also minimizes shading on reflectors below. In arrays 
such as that shown in FIG. 7, where an additional intercon 
nection member couples together two vertical Support struc 
tures, the anchored guy wires may be selected to have reso 
nances that are different than the interconnection member, 
e.g., by choosing a different length, thickness, structure, or 
type of material. 
0100 Some vertical support structures, e.g., a vertical Sup 
port structure at the end of a row of vertical support structures 
Supporting an elongated receiver, may be stabilized by a set of 
guy wires that includes more than two guy wires, e.g., three or 
four guy wires. Sets of guy wires comprising three or more 
guy wires may comprise any combination of symmetric and 
asymmetric guy wires, as long as at least one of the guy wires 
in the set has a different resonance frequency than another of 
the guy wires in the set. 
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0101. In addition to laterally-extending guy wires, an 
arrangement of longitudinal guy wires may be included in 
arrays to stabilize elevated receivers and/or other portions of 
the arrays. For example, an arrangement of longitudinal guy 
wires may assist in longitudinal system stabilization for seis 
mic events or other motions that excite longitudinal modes in 
the system, whereas laterally-extending guy wires may pro 
vide stabilization against wind and/or seismic events that may 
primarily excite transverse modes in the system. 
0102 For some receivers such as thermal receivers, the 
absorption of Solar radiation can cause a large increase in 
temperature for one or more receiver components. These 
large temperature fluctuations will cycle with the diurnal path 
of the Sun. For elongated receivers, extensive anisotropic 
thermal expansion and contraction may occur. For example, 
Some elongated thermal receivers comprise a plurality of 
Solar absorber tubes (e.g., metal pipes carrying a heat 
exchange fluid Such as water and steam). As the absorber 
tubes absorb radiation and increase in temperature, an aniso 
tropic expansion occurs primarily along the length of the 
tubes. For elongated receivers having lengths of 200 meters or 
more, thermal expansion and contraction on the order of 
centimeters or tens of centimeters may occur. Arrangements 
of Support structures and Stabilizing elements (e.g., longitu 
dinal guy wires) for elevated receivers that can accommodate 
repeated thermal expansion and contraction are desired. For 
example, as illustrated in FIG. 2A, elevated receivers may be 
supported by vertical support structures that allow the 
receiver to slide longitudinally relative to the support struc 
ture. Support structures and/or stabilizing elements that can 
not adequately accommodate the cyclical thermal expansion 
and contraction may cause system damage and/or fatigue 
over time. 
0103 Examples of suitable arrangements for longitudinal 
guy wires that may be used to stabilize elevated receivers are 
shown in FIGS. 8 and 9. As illustrated in FIG. 8, solar energy 
collector system 801 comprises a plurality of vertical support 
structures 810. These vertical support structures are distrib 
uted alonga length 803 of elevated receiver 805. Receiver 805 
may be configured to be able to slide relative to structures 
810. In between two adjacent ones of the plurality of vertical 
support structures 810 are longitudinal guy wires 830. The 
amount of thermal expansion and contraction of one or more 
longitudinal components of a receiver (e.g., an absorber com 
prising stainless steel or carbon Steel pipes containing heat 
exchange fluid and/or a component in thermal contact with 
the absorber) increases as a distance from a longitudinal 
center 825 of receiver 805 increases. To reduce the amount of 
dimensional cycling due to thermal effects experienced by the 
longitudinal guy wires and structures to which they are 
attached, an arrangement of longitudinal guy wires in which 
the density of longitudinal guy wires generally decreases as a 
distance from a longitudinal center of receiver increases may 
be used. As used herein, a density that "generally decreases” 
is meant to encompass any decreasing trend of the number of 
longitudinal guy wires per unit length, and is not necessarily 
limited to monotonic decreases in longitudinal guy wire den 
sity. 
0104. The density of longitudinal guy wires may be 
decreased in any suitable manner. For example, as illustrated 
in FIG. 8, longitudinal guy wires may not be installed 
between every pair of adjacent vertical Support structures. 
Alternatively, or in addition, for vertical support structures 
positioned near the longitudinal center of the receiver, two 
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diagonally crossed longitudinal guy wires may be used 
between a pair of adjacent vertical Support structures, and a 
single diagonal longitudinal guy wire may be used between a 
pair vertical Support structures positioned further away from 
the longitudinal center of the receiver. Although vertical sup 
port structures 810 in FIG. 8 are depicted as generally equally 
spaced along the length 803 of the elevated receiver 805 for 
ease of illustration, any appropriate spacing of Vertical Sup 
port structures may be used. For example, the density of 
longitudinal guy wires may be decreased at least in part by 
generally increasing the spacing between adjacent vertical 
Support structures as the distance from the longitudinal 
receiver center increases. 

0105 Referring now to FIG. 9, another example of an 
arrangement of longitudinal guy wires is shown that may be 
used to stabilize a Solar energy collector System while accom 
modating thermal expansion and contraction of one or more 
components of a receiver. The array 901 depicted in FIG. 9 
comprises an elevated receiver 905 supported by vertical 
support structures 910 that are distributed along a length903 
of receiver 905. Receiver 905 may be configured to be able to 
slide relative to structures 910. To one side of the longitudinal 
center 925 of receiver 905, the arrangement of longitudinal 
guy wires comprises a first set 914 of wires 930 extending 
diagonally between adjacent vertical support structures 910 
in a first diagonal direction 913. A secondset 915 of wires 932 
extends in a second diagonal direction 916. The second 
diagonal direction may be related to the first diagonal direc 
tion. For example, if the first diagonal and second diagonal 
directions may be symmetrical relative to a vertical axis of 
symmetry. Arrays using any combination of the longitudinal 
wire arrangements depicted in FIGS. 8 and 9 may be used. 
0106 Variations of improved receivers for use in solar 
energy collector systems are described here. FIGS. 10A-10C 
illustrate various components that may be used in the make up 
of an elongated receiver. As shown in FIG. 10A, a receiver 
1005 may comprise a skeletal frame 1007. Frame 1007 may 
comprise side rails 1009, transverse arched or peaked struc 
tural members 1011, and transverse bridging members 1013. 
Frame 1007 may also comprise one or more spine members 
1015 extending longitudinally between structural members 
1011. Receiver 1005 includes a Solar radiation absorber 1010 
that may comprise a plurality of generally parallel, length 
wise-oriented pipes or tubes 1014 for carrying a heat 
exchange fluid. The absorber 1010, or a portion of absorber 
1010, may be supported by (e.g., suspended from) frame 
1007. 

0107. In general, as shown in FIG. 10B, receivers may 
include a receiver channel for housing the absorber and pro 
viding a thermally insulating still air environment to increase 
efficiency of the receiver. Receiver 1005 in FIG. 10B com 
prises receiver channel 1019 that comprises first and second 
sidewalls 1016 and 1017. The first and second sidewalls 
extend along a length 1018 of the receiver channel. The side 
walls of the receiver channel may be flared or angled out 
wardly. Disposed between the first and second sidewalls is a 
longitudinal aperture 1020. Theaperture may extend over the 
entire length of the receiver channel, or may extend over only 
a portion of the length of the receiver channel. The solar 
radiation absorber may be housed within or substantially 
within the longitudinal cavity of the receiver channel so that 
Solar radiation incident upon the Solar radiation absorber has 
been transmitted through the aperture. In some variations, a 
receiver channel may be in the form of trough with a concave 
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surface facing the absorber, fabricated from thin metal sheet 
ing, such as stainless steel sheet metal. A receiver channel 
may comprise multiple segments, or be unitary in nature. In 
addition, receiver channels may comprise elements or be 
attached to elements that can provide structural integrity or 
Support. For example, receiver channels may comprise lon 
gitudinal side rails or transverse bridging members. Alterna 
tively, or in addition, receiver channels may be attached to a 
frame comprising longitudinal side rails or transverse bridg 
ing members. For example, as shown in FIG. 10B, receiver 
channel 1019 may be attached to and supported by any subset 
or combination structural features of frame 1007, including 
side rails 1009, structural members 1011, spine member 
1015, and transverse bridging members 1013. As shown in 
FIG. 10C, a roof 1021 may be disposed over frame 1007. The 
roof may be unitary in nature, or may comprise multiple 
sections, as in FIG. 10C. The roof may be designed to shield 
the internal portions of the receiver from environmental 
effects, and/or to impart stability (e.g., strength and/or rigid 
ity Such as longitudinal stability) to the elongated receiver. In 
addition, the roof may have a smooth outer Surface to provide 
a low wind profile and to provide improved ability to shed 
environmental debris. 

0108. In some variations of receivers, a window may be 
disposed in the aperture. The window may be substantially 
transparent to a broad portion of the Solar radiation spectrum, 
e.g., the portion of the Solar radiation spectrum that passes 
through the atmosphere. The window may be positioned over 
a portion of the aperture, or may substantially cover the aper 
ture. Windows may be planar or curved. For example, win 
dows may be curved with a concave surface facing the Solar 
radiation absorber. As illustrated in FIG. 10A, window 1027 
comprises multiple window sections 1028. Windows may be 
fabricated from any suitable material that exhibits high trans 
mission over a broad range of the Solar spectrum, and that 
exhibits sufficient physical and mechanical properties to 
withstand harsh environmental effects. For example, glass or 
plastic that can withstand years of exposure to UV radiation 
and/or high winds of up to 100 mph may be selected. If glass 
is used, it may have a minimum thickness of about 3 mm to 
about 4 mm, for example. Some variations of receiver win 
dows may be made from glass having relatively low iron 
COntent. 

0109 As indicated above, the receiver channel (and the 
window disposed over the aperture, if present) forms a lon 
gitudinal cavity that houses the Solar radiation absorber and 
may increase the collection efficiency of the absorber. The 
receiver channel may function to retain heat in the cavity and 
to increase energy conversion efficiency, e.g., by reflecting 
Stray Solar radiation back to the absorber, providing a still air 
environment around the absorberto reduce convective losses, 
and/or have a construction that reduces or eliminates thermal 
shorts that conduct heat away from the absorber. For a solar 
radiation absorber to be positioned substantially within the 
receiver channel, it is meant that a Substantial part of the 
absorbing portion of the absorber is positioned inside the 
receiver channel, but that portions of the absorber may extend 
outside the receiver channel, e.g., pipe extensions, pipe fit 
tings, pipe couplings, header manifolds, and/or valves may be 
positioned outside the receiver channel. 
0110. Some variations of receivers may include one or 
more window Support members that are configured to allow 
installation of a window in a direction that is transverse to the 
length of the receiver channel. The one or more window 



US 2009/0056703 A1 

Support members may also function to Supporta window once 
it has been installed into a receiver. Because of the length of 
the elongated receivers used in some solar collector systems 
Such as LFR solar arrays, transverse installation of windows 
may be easier than longitudinal installation. Windows may be 
easier to handle in a transverse direction, leading to reduced 
risk of window breakage and reduced space requirements for 
the installation. In addition, transverse installation of win 
dows into receivers may facilitate assembly of those receivers 
at or near ground level, rather than after they have been 
elevated above reflector fields. 

0111 Window support members that allow transverse 
installation of a window into a receiver may be disposed along 
one or both of the first and second longitudinal sidewalls of 
the receiver channels in the receivers. Window support mem 
bers may be continuous, e.g., a continuous slot designed to be 
slidably engaged with an edge of a window, or a continuous 
ledge designed to Support a window. Alternatively, a window 
Support member may be discontinuous, e.g., a series of peri 
odic structures spaced along the length of the receiver chan 
nel. For example, a window Support member may comprise a 
series of slot sections designed to be slidably engaged with an 
edge of a window, or a series of ledge sections. 
0112 Referring now to FIGS. 11A-11E, an example of a 
receiver that is configured to allow transverse installation of a 
window is shown. There, receiver 1105 comprises a longitu 
dinal receiver channel 1119 that has a first sidewall 1106 and 
a second sidewall 1107. In some variations, sidewalls 1106 
and 1107 may be flared out from a receiver channel back wall 
1108 so that receiver channel 1119 has a trough-like shape. 
An aperture 1109 is disposed between the sidewalls. In this 
example, aperture 1109 extends along the length 1118 of 
receiver channel 1119. However, as stated above, in some 
variations of receivers, the aperture may extend only over a 
portion of the length of a receiver channel. Absorber 1110 that 
comprises a plurality of parallel absorber tubes is suspended 
from a transverse bridging member 1113 of frame 1133, and 
positioned between the two sidewalls 1106 and 1107 and 
opposed to aperture 1109 so that light incident upon absorber 
1110 has been transmitted through the aperture 1109. A roof 
1131 may be supported by a frame 1133 and positioned over 
channel 1119 to form a volume 1132 between the channel 
1119 and the roof 1131. Vertical support structure 1147, 
which may comprise a shelf 1146 and cross-bars 1145, Sup 
ports receiver 1105. 
0113 Some variations of receivers may include two win 
dow Support members that allow transverse installation of a 
window into a receiver and Subsequent Support of that win 
dow in the receiver once it has been installed. Referring again 
to FIGS. 11A-11E, a first window support member 1111 may 
be disposed along the first sidewall 1106. A second window 
Support member 1112 may be disposed along the second 
sidewall 1107. Referring now to FIGS. 11C-11D, the first 
window support member 1111 may comprises a ledge 1121 
and a step 1122, and the second window Support member 
1112 may comprise a slot 1123 that has a lower slot surface 
1124, an upper slot surface 1125 and a slot sidewall 1126. Slot 
1123 may be slidably engaged with an edge of a window 
1127, so that a space between upper slot surface 1125 and 
lower slot Surface 1124 is at least thick enough to accommo 
date a thickness 1140 of the window 1127. 

0114. As shown in FIG. 11C, window 1127 may be 
inserted transversely into receiver 1105 by tilting window 
1127 between window support members 1111 and 1112. 
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Window 1127 may then be inserted into slot 1123 and placed 
upon ledge 1121 so that window 1127 is supported by ledge 
1121 and lower slot surface 1124. The outer longitudinal 
edges 1128 and 1129 of window 1127 may be positioned 
between step 1122 and slot sidewall 1126, respectively. Slot 
1123, ledge 1121, and step 1122 may be configured in any 
suitable manner to allow transverse installation of the win 
dow and Subsequent Support of the window. For example, the 
space between upper and lower slot surfaces 1125 and 1124, 
respectively, may be larger than window thickness 1140, so 
that window 1127 may be tilted slightly and still be at least 
partially inserted between surfaces 1124 and 1125. Alterna 
tively, or in addition, upper slot surface 1125 may extendless 
far from a sidewall of the receiver channel than lower slot 
surface 1124. In some variations, the height of step 1122 may 
be less than the height of upper slot surface 1125 to reduce the 
amount of tilt of window 1127 required to fit the window in its 
installed position between step 1122 and slot sidewall 1126. 
0.115. In some variations, tabs (e.g., spring tabs) may be 
used to secure windows to receivers. Any suitable tabs may be 
used, and tabs may be distributed along the length of the 
receiver channel as necessary to secure the window in the 
receiver. Referring now to the bottom plan view of the 
receiver in FIG. 11E, tabs 1135 may be used to secure the 
window 1127 to the receiver 1105. Tabs 1135 may be 
designed to contact a bottom surface 1141 of window 1127 to 
support the window from the bottom after the receiver is 
installed. Alternatively, or in addition, tabs 1135 may be 
designed to contact a top surface of window 1127, to provide 
downward force on the window to hold it against window 
support members 1111 and 1112. Tabs may be positioned 
along one or both longitudinal sidewalls of the receiver chan 
nel. As indicated by arrows 1136, tabs 1135 may be rotated 
away from aperture 1109 for window installation, but rotated 
to extend slightly over aperture 1109 to secure the window 
1127 to the receiver. 

0116. Other variations of receivers are illustrated in FIGS. 
12A-12C. These receivers include a window that comprises 
two or more overlapping window sections that are distributed 
along the length of the aperture over which the window is 
disposed. Thus, as shown in FIG.12A, receiver 1205 includes 
a receiver channel 1219 that houses absorber 1210. Receiver 
1205 may also include a roof 1231 supported by frame 1232, 
and positioned over receiver channel 1219. Receiver channel 
1219 comprises first and second sidewalls 1206 and 1207, 
respectively. Aperture 1209 extends between the first and 
second sidewalls. As shown in FIGS. 12B-12C, window 1227 
may include overlapping window sections 1241 that are dis 
tributed along a length 1218 of aperture 1209. Thus, overlap 
regions 1234 extendalong a transverse width 1234 of receiver 
channel 1219. Windows may be supported and/or secured by 
window support members 1211, which may be similar to 
those window support members illustrated in FIGS. 11A 
11E. Any scheme can be used to overlap the window sections 
to form a window. One scheme of overlapping window sec 
tions is illustrated in FIG. 12B. Another scheme is illustrated 
in FIG. 12C. Combinations of window section overlap 
schemes may be used in a single window, or in a single 
receiver. 

0117 Windows may include any suitable number of win 
dow sections. For example, a rectangular window having 
dimensions of approximately 1 meter by approximately 10 
meters may comprise 5 window sections, each having dimen 
sions of approximately 1 meter by approximately 2 meters. 
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Although window 1227 is depicted in FIGS. 12B and 12C as 
comprising approximately equivalent window sections, win 
dow sections in the same window may be the same or differ 
ent. Window sections may overlap by any Suitable amount, 
e.g., about 0.5 inch, about 1 inch, or about 2 inches. 
0118 Utilizing a window in a receiver that comprises 
overlapping window sections may present certain advantages 
over the use of windows comprising non-overlapping win 
dow sections. A joint between window sections that com 
prises an overlapped regions may not require additional seal 
ing of that joint to prevent leakage in or out through that 
junction. Also, the friction between overlapping window sec 
tions may prevent the migration or “walking of window 
sections relative to each other, or to the receiver channel. Such 
migration of window sections may be caused by vibration 
within a Solar energy collector system and/or by thermal 
expansion and contraction of one or more receiver compo 
nents. In addition, overlapping window sections may be able 
to accommodate expansion and contraction due to thermal 
cycling of the glass and/or other components in the receiver. 
0119 Solar energy collector systems including such 
receivers with a window comprising overlapping window 
sections are also provided. Receivers such as those illustrated 
in FIGS. 12A-12C may be used in combination with first and 
second reflector fields, as illustrated in FIGS. 1A-1C. The first 
and second reflector fields may comprise reflectors that each 
comprise a reflective surface configured to direct incident 
Solar radiation to be at least partially incident on the Solar 
radiation absorber in the receiver. The reflectors may be 
driven to at least partially track diurnal motion of the Sun. 
0120 Some variations of receivers may include other fea 
tures that accommodate longitudinal thermal expansion. For 
example, receiver channels may comprise multiple sections 
that may slide or longitudinally translate relative to each 
other. Thus, as illustrated in FIG. 13, receiver 1305 includes 
receiver channel 1319. Receiver channel 1319 may comprise 
multiple receiver channel sections 1360 that are distributed 
along a length 1318 of receiver channel 1319. The receiver 
channel sections may translate longitudinally with respect to 
each other to accommodate longitudinal thermal expansion 
and expansion due to cyclical heating and cooling of one or 
more receiver elements, e.g., the absorber. The receiver chan 
nel sections may be designed to accommodate longitudinal 
thermal expansion in any suitable manner. For example, as 
illustrated in FIG. 13, the sections 1360 may comprise over 
lap regions 1361 and be slidably coupled with each other. 
0121 One or more receiver channel sections in a receiver 
may be Supported by a frame. For example, as illustrated in 
FIG. 13, receiver channels sections 1360 may be supported by 
a frame 1320 that may, for example, comprise side rails 1307, 
arched or peak structural members 1330, transverse bridging 
members 1340, and/or spine member 1325. One or more 
receiver channel sections 1360 may be supported by frame 
1320, e.g., by attaching to any Subset or combination of side 
rails 1307, structural members 1330, transverse bridging 
members 1340 and spine member 1325. In some variations, 
one or more receiver channel sections may be suspended from 
a frame in a manner that accommodates longitudinal expan 
sion and contraction. In these variations, receiver channel 
sections may be suspended from a frame in any Suitable 
manner. For example, receiver channel section 1360' may be 
slidably attached a central bracket 1380 that is attached to 
frame 1320. Also illustrated in FIG. 13 is receiver channel 
1360" that may be attached by attachment elements 1382 to 
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frame 1320 near a central region 1381 of receiver channel 
section 1360" to allow longitudinal expansion and contrac 
tion. Attachment elements 1382 may have any configuration 
or design, but in some variations, they may comprise a bolt or 
pin inserted through a slot that is oriented generally parallel to 
the length of the receiver channel. The bolt or pin may operate 
to secure the receiver channel, while the slot allows the 
receiver channel to translate longitudinally. Receivers such as 
those illustrated in FIG.13 may include one or more windows 
that can accommodate longitudinal thermal expansion, Such 
as those illustrated in FIGS. 12A-12C. 

I0122) Some variations of receiver channels may comprise 
one or more expandable elements (not shown) placed 
between adjacent receiver channel sections. Non-limiting 
examples of Suitable expandable elements include elements 
with one or more folds that can be at least partially unfolded 
in the longitudinal direction, Such as an accordion-shaped 
element, a fibrous element, a woven element Such as a metal 
screen or mesh, a spring element, and/or an elastomeric ele 
ment. Expandable elements, if present between sections of a 
receiver channel, may be lined with a reflective surface (e.g., 
a metal coating or a metal foil) to reduce thermal losses and/or 
to improve the reflection of stray light back to one or more 
solar absorbers present in the receiver channel. 
I0123. Some variations of receivers may comprise multiple 
receiver sections that are coupled together with expansion 
joints. Referring back to FIG. 2A, an expansion joint (not 
shown) may be placed between two adjacent receiversections 
205a of receiver 205. In these variations of receivers, expan 
sion joints may be placed between some, or all, receiver 
sections. For example, in Some variations, groups of three 
receiversections each having a length of about 10 meters may 
be directly coupled together, and an expansion joint may be 
inserted between the groups of three receiver sections. The 
expansion joints may allow longitudinal thermal expansion 
and contraction without stressing the receivers, components 
of the receivers, and/or support structures for the receivers. 
One or more expansion joints distributed over an elongated 
receiver having a totallength of about 200 meters to about 400 
meters may collectively be able to accommodate at least 3 cm 
of expansion and contraction, e.g., 5 cm, about 10 cm, about 
15 cm, or about 20 cm. Non-limiting examples of suitable 
expansion joints include bellows-like or accordion-like 
folded elements (e.g., folded metal elements), foldable mesh 
elements (e.g., metal mesh elements), and foams. 
0.124. Additional receiver designs are provided that may 
reduce the amount of buildup on a receiver window from 
external environmental contaminants. The reduced buildup 
on the windows may lead to receivers that have improved 
collection efficiencies, longer field lifetimes and/or reduced 
maintenance requirements. Referring now to FIGS. 14A 
14B, a receiver 1405 comprises a receiver channel 1419 that, 
in turn, comprises two longitudinal sidewalls 1406 and 1407, 
and a longitudinal aperture 1409 disposed between the lon 
gitudinal sidewalls 1406 and 1407. The sidewalls and the 
aperture each extend along a length of the receiver channel. 
The aperture may extend along the entire length of the chan 
nel, or along a portion of the length of the channel. A Solar 
radiation absorber 1410 is positioned in the channel 1419. A 
roof 1431 may be positioned over receiver channel 1419 and 
supported by frame 1425 so that a volume 1446 is formed 
between receiver channel 1419 and roof 1431. A window 
1427 may be disposed in the aperture 1409 so that the window 
and the receiver channel together form a longitudinal cavity 
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1445 that houses the solar radiation absorber 1410. Volume 
1446 is in fluid communication with cavity 1445. Solar radia 
tion incident upon the absorber 1410 is transmitted through 
the aperture 1409, and the window 1427, if present. 
0.125. A junction may be formed between a window and a 
receiver channel. The junction may be present along one or 
both longitudinal sides of the receiver channel. For the 
example shown in FIGS. 14A-14C, junction 1439 is present 
along one longitudinal side of channel 1419 and junction 
1440 is presentalong the opposing longitudinal side of chan 
nel 1419. Junction 1439 is formed when window 1427 rests 
on ledge 1421 of window support member 1411, and junction 
1440 is formed when window 1427 rests on lower surface 
1424 of window support member 1412. Window support 
members 1411 and 1412 may, for example, be similar to those 
illustrated in FIGS. 11A-11E. Since the cavity housing the 
Solar radiation absorber is at or near ambient pressures, air 
from the outside environment may leak through one or more 
junctions between the window and the receiver channel into 
the cavity, for example, because of convective currents that 
are generated from the heat generated within the cavity. Air 
from the environment may carry with it environmental con 
taminants such as dust and moisture. These contaminants 
may preferentially coat on the inner window Surface, espe 
cially if the window is relatively cool compared to the rest of 
the cavity. Solar radiation transmitted through the window 
may cause Such deposits to be baked on the inner window 
Surface, which may lead to a substantial degradation of the 
optical quality of the window over time. Thus, it may be 
desired to inhibit the ingress of air into a cavity housing a Solar 
radiation absorber through a junction between the window 
and the receiver. As illustrated in FIGS. 14A-14F, this may be 
accomplished in some instances by configuring a receiver so 
that a rate of air flow into cavity 1419 through junction 1439 
and/or junction 1440 may be slower than a rate of airflow into 
cavity 1445 through volume 1446. 
0126 Some variations of receivers may comprise a ther 
mally insulating material 1447 disposed in all or a portion of 
volume 1446. In these receivers, air traveling through volume 
1446 to reach cavity 1445 may contain air contaminants such 
as dirt and moisture. These contaminants may be at least 
partially filtered out by the insulating material 1447 before 
that air contacts the inner surface 1451 of window 1427. Any 
Suitable insulating material may be disposed in the Volume 
between a roof of the receiver and the receiver channel that 
permits airflow through the insulating material. For example, 
fiberglass, glass wool, and/or an open cell foam may be used. 
Optionally, the insulating material may be at least partially 
clad with a reflective metal layer to inhibit heat conduction 
and heat radiation out of the cavity 1445. If used, an air 
permeable reflective metal layer may be selected, e.g., a per 
forated metal foil or a metal mesh. 

0127. The passage of air into the cavity housing the 
absorberthrough a junction between a receiver channel and a 
window may be inhibited relative to the passage of air into the 
cavity through the Volume above the receiver channel using 
any suitable scheme. For example, in some variations, a seal 
ing member may be positioned in a junction between a win 
dow and a receiver channel. FIG. 14B shows an expanded 
view of junction 1439 between window 1427 and receiver 
channel 1419. In the example shown there, a sealing member 
1453 is positioned between window 1427 and ledge 1421 of 
window Support member 1411. An analogous sealing mem 
ber (not shown) may be positioned between slot surface 1424 
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and window 1427. Such sealing members may be any suitable 
sealing members. For example, sealing members may be 
selected that maintain their sealing function while still allow 
ing the window to move longitudinally (e.g., slide) relative to 
the receiver channel to accommodate differential thermal 
expansion and contraction between the window and the 
receiver channel. One example of Such a sealing member that 
may be used is a fiberglass rope that is laid longitudinally 
along ledge 1421 or slot Surface 1424. The rope may have any 
Suitable diameter, e.g., about 10 mm, or about 15 mm, or 
about 20 mm. The window may slide longitudinally with 
respect to the receiver channel as the fiberglass rope may slide 
relative to the window Surface and or receiver Surface against 
which it is pressed. In other variations, a low-outgassing 
elastomer may be used as a sealing member. The elastomer 
may stretch to allow the window to move longitudinally rela 
tive to the receiver channel while still maintaining a seal 
between the window and the receiver channel. Elastomers 
having low out-gassing properties may be used to reduce the 
probability that contaminants from the elastomer will be 
deposited on a window Surface as the elastomer is heated. In 
Some variations of receivers, spring tabs may be used to force 
the window against the sealing member. 
0128. Alternatively, or in addition to using a sealing mem 
ber in a junction between a window and a receiver channel, a 
positive pressure of filtered or otherwise purified air may be 
supplied into the cavity to inhibit the ingress of external air 
into the cavity. For example, dry nitrogen, or purified air that 
has been passed over a desiccant and/or through a filter (e.g., 
a particle filter) may be flowed into the cavity to inhibit 
ingress of external air into the cavity. As illustrated in FIG. 
14C, such air flow may be provided near the inner surface 
1451 through inlet 1482, e.g., to provide clean airflow, which 
may be laminar flow, near the inner surface 1451. 
I0129. In some variations of arrays, filtered air may be 
directed into a receiver through a Supporting structure. Refer 
ring now to FIG. 14F, receiver 1455 is supported by structure 
1465. Support structure 1465 may comprise at least one tubu 
lar region that is capable of piping filtered air to receiver 1455. 
For example, the interior of a hollow leg 1466 may be used to 
channel air from the ground to elevated receiver 1455. In 
these examples, a blower on the ground (not shown) may be 
configured to force air through hollow leg 1466, through filter 
1468, and into receiver 1455 via flexible connection 1469. 
0.130. In other variations of receivers, an air path through 
the insulating material may be facilitated to cause air flow to 
preferentially enter the cavity through the insulating material 
rather than through the junction between the window and the 
receiver channel. For example, a rate of air flow through the 
insulating material may be greater than a rate of air flow 
through the junction between the window and the receiver 
channel. The rate of air flow through the insulating material 
may be increased in any Suitable manner. For example, as 
illustrated in FIG. 14A, vents 1483 may be provided in roof 
1431 or in a region of an end cap (not shown) that is config 
ured to cover the transverse end of volume 1446. Vents 1483 
in roof 1431 may be covered vents, and/or positioned to the 
sides of roof 1431 to reduce the amount of moisture and dust 
that may enter through the vents. 
I0131 Non-limiting variations of various vent configura 
tions are illustrated in FIGS. 14D-14E. In the example shown 
in FIG. 14D, roof 1486 of receiver 1485 comprises a vent 
structure 1490 that comprises a single opening 1492 with a 
cover 1491. The cover 1491 is positioned over and vertically 
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spaced above the opening 1492 to allow airflow through the 
opening while reducing the ingress of environmental con 
taminants. In these variations, the opening 1492 may, for 
example, belocated near the peak of roof 1431' to increase air 
flow through the vent structure 1490. Referring now to the 
example shown in FIG. 14E, receiver 1484 comprises an air 
passage 1496 that provides air flow under a roof edge 1497, 
e.g., between roof 1483 and receiver channel 1482. Air pas 
sage 1496 may extend continuously along the length of the 
receiver, or may comprise multiple air passages distributed 
along the length of the receiver under the roof edge 1497. Air 
passages 1496 may be present along one or both roof edges 
1497. 

0132) Additional variations of receivers are provided here. 
These receivers comprise a roof extending along a length of 
the receiver channel. Some roofs may have corrugations 
extending longitudinally along a length of the roof, e.g., roofs 
formed from corrugated metal sheets. Another variation of a 
roof may have a transverse cross-section that forms a Smooth 
outer Surface with a concave Surface facing the channel and a 
solar radiation absorberhoused in the channel. The transverse 
cross-section of the roof may have profile that generally fol 
lows a parabola, an arc of a circle or an ellipse, or may have a 
peaked profile, or any other Smooth Surface that is generally 
without horizontal surfaces or crevices or other features that 
may trap or retain environmental debris. A roof having a 
Smooth outer Surface may also have a reduced wind profile. 
The structure of the roof, including its cross-sectional profile, 
may be selected to impart increased strength and/or rigidity 
(e.g., longitudinal stability) to the receiver. For example, a 
roof having a parabolic profile or a profile following an arc of 
a circle or an ellipse may impart longitudinal rigidity to an 
elongated receiver to reduce bending and/or torsion. The roof 
is configured to shed environmental debris (e.g., dust, dirt, 
and/or moisture) away from the window. In some variations, 
the roof may be configured to shed environmental debris 
below a junction between the window and the receiver chan 
nel. 

0133) Referring now to FIG. 15, receiver 1505 includes 
receiver channel 1519. Roof 1531 is positioned over receiver 
channel 1519, so that it has a concave surface 1532 facing the 
receiver channel 1519 that houses Solar absorber 1510. The 
profile of roof 1531 is smooth, comprising no significant 
horizontal ledges, crevices, or other features that may trap or 
retain environmental debris. In this variation of a receiver, a 
window 1527 is disposed in the aperture 1509 between side 
walls 1506 and 1507 of receiver channel 1519. The window 
1527 forms junctions 1539 and 5140 with receiver channel 
1519. Such junctions may, for example, beformed between a 
window and a window Support member similar to any of those 
illustrated in FIGS. 11A-E. Roof 1531 may be supported on 
frame 1533. The roof 1531 may be attached to frame 1533 in 
any Suitable manner, e.g., by welding, bolting, riveting, and/ 
or with the use of adhesive. In this variation, the roof 1531 
extends below junction 1426 to enable the roofto shed envi 
ronmental debris away from the window. In addition, in this 
variation, roof 1531 is designed so that moisture and other 
contaminants do not collect on an edges 1567 or on an inner 
surface 1569 of roof 1531. In this variation, end sections 1571 
of roof 1531 are curled inward and upward so that moisture 
and contaminants are shed away from edges 1567, to increase 
the barrier for any external contaminants to reach the inner 
surface 1569, and to shed external environmental debris away 
from either an inner Surface 1573 or Outer Surface 1575 of 
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window 1527. In some variations of receivers, a protective 
coating Such as a plastic or rubber coating that can resist 
water, UV, oZone, and/or other environmental exposures may 
be added to the external surface of a roof. For example, a 
rubber sheet made of EPDM rubber (ethylene propylene 
diene monomer rubber) may be used. However, a roof such as 
that illustrated in FIG. 15 may demonstrate reduced or slowed 
corrosion effects to increase the lifetime of the roof, even 
without additional protective coatings (such as rubber coat 
ings). Increased durability of a receiver roof may, in turn, 
increase the lifetime of a receiver in the field. 

I0134) Any suitable material or combination of materials 
may be used for receiver roofs. For example, a metal sheeting 
material may be used, Such as steel, or a galvanized metal 
sheet. Curved or peaked metal sheets formed into roofs may 
provide a roofs with Smooth, downward-sloping Surfaces 
capable of shedding environmental debris away from the 
window, and may also impart longitudinal stability to the 
receiver, e.g., by resisting longitudinal bending and/or tor 
Sion. Other variations may include roofs at least partially 
formed from plastics, e.g., reinforced lightweight composites 
that have properties to withstand continuous UV exposure 
and high temperatures experienced by the receivers. In some 
variations, the roofs may comprise an additional layer Such as 
a rubber layer that may provide enhanced water, dust, and/or 
UV resistance. 

0.135. As described above, the receivers in thermal solar 
energy collector systems such as LFR solar arrays may com 
prise a plurality of solar absorber tubes that are configured to 
absorb incident Solar radiation and to transfer energy from the 
Solar radiation to a heat exchange fluid (e.g., water and steam) 
carried by the tubes. Because the temperature of the solar 
absorber tubes may vary dramatically over the course of a day 
with the movement of the Sun, the tubes expand, contract and 
move. In some receivers, movement of tubes relative to each 
other may be accommodated to maintain inter-tube spacings, 
and/or to reduce damage or stress in the tubes and/or associ 
ated structures. Referring now to FIGS. 16A-16B, receiver 
1605 comprises a solar absorber 1610 that, in turn, comprises 
a plurality of generally parallel tubes 1611 arranged length 
wise in the receiver. The absorber 1610 is housed within a 
longitudinal cavity 1645 formed between receiver channel 
1619 and window 1627. Although window 1627 is depicted 
as curved, it may also be flat. For example, these receivers 
may comprise any combination or Subset of windows, win 
dow Support members, and/or receiver channels as discussed 
here. Receiver channel 1619 comprises sidewalls 1606 and 
1607, which may be outwardly flaring. A frame 1632 supports 
absorber 1610. In certain variations, frame 1632 may com 
prise anarched structural member 1632, a transverse bridging 
member 1648, and/or side rails 1649 to provide structural 
support for receiver components. A roof 1635 may be posi 
tioned over receiver channel 1619 and supported by frame 
1632. Although roof 1635 is illustrated in this example as a 
corrugated roof (e.g., a corrugated metal roof) comprising 
corrugations extending along the length of the receiver, other 
variations may include Smooth roofs, similar to those illus 
trated in FIG. 15. The volume 1646 formed between roof 
1635 and receiver channel 1619 may comprise a thermally 
insulating material 1647. Optionally, the insulating material 
may be clad with a reflective metal layer to inhibit heat 
conduction and heat radiation out of the cavity 1645. 
0.136 The number and/or dimensions of absorber pipes or 
tubes in an absorber may be selected for specific system 
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requirements. However, it is generally desired that each 
absorber tube have a diameter that is small relative to a cross 
sectional dimension of the aperture of the receiver channel 
(e.g., aperture 1609 in receiver channel 1619 in FIG. 16A) so 
that plurality of absorber tubes may approximate a flat plate 
absorber Surface, as opposed to a single tube collector posi 
tioned within a radiation-concentrating trough. For example, 
a ratio of the diameter of the absorbertube to a cross-sectional 
dimension of a receiver channel aperture may range from 
about 0.01:1.00 to about 0.1:1.00. Each absorber tube may 
have an outside diameter of about 25 mm to about 160 mm. 
An absorber may comprise about 6 to about 30 absorbertubes 
arranged side-by-side within the receiver channel. By posi 
tioning absorber tubes within a receiver channel so that only 
the underside of the absorber tubes is illuminated, reduced 
heat emission from the non-illuminated top side may result, 
which may increase energy efficiency. Moreover, since the 
water in the tubes is below a steam level, this arrangement 
causes the desired result of concentrating the incident light on 
the portion of the tube containing water rather than steam. 
Additional, non-limiting examples of absorber configura 
tions are provided in International Patent Application Num 
ber PCT/AU2005/000208, which has already been incorpo 
rated by reference in its entirety. 
0.137 Individual absorber tubes may or may not be spaced 
apart by one or more spacers. In some variations, tubes may 
be spaced together as closely as possible, e.g., touching or 
with Small intervening (not necessarily fixed) gaps of about 1 
mm to about 4 mm, e.g., about 2 mm, or about 3 mm. In other 
variations, spacers may be used to provide or maintain spac 
ings between at least Some, but not necessarily all, adjacent 
ones of the plurality of tubes while accommodating thermal 
expansion, contraction, and movement. Referring again to 
FIGS. 16A-16B, spacers 1612 may be provided between 
absorber tubes 1611. Spacers 1612 may be selected in any 
Suitable manner to provide or maintain space between adja 
cent absorber tubes. The absorber tubes 1611 may be sup 
ported below by one or a series of rollers 1655 that each 
extend transversely between sidewalls 1656. Rollers 1655 
may be coupled to sidewalls 1656 through fittings 1657 that 
allow rotational movement. Spacers 1612 may, for example, 
be disk-shaped spacers that may rotate with respect to rollers 
1655. Additional examples of inter-tube spacings and roller 
configurations to support absorber tubes are provided below. 
0.138. In some variations of receivers, absorber tubes may 
be coated with a solar absorptive coating. The coating may 
comprise, for example, a Solar spectrally selective Surface 
coating that remains stable under high temperature conditions 
in ambient air, for example, a black paint that is stable in air 
under high-temperature conditions. Non-limiting examples 
of solar spectrally selective coatings are disclosed in U.S. Pat. 
Nos. 6,632,542 and 6,783,653, each of which is incorporated 
herein by reference in its entirety. 
0.139. To increase the collection efficiency of a receiver, 
the amount of light leaking past or between absorber tubes 
may be reduced. In addition, relatively uniform irradiation of 
absorber tubes may be desired, e.g., to reduce the formation of 
hot spots which may lead to inefficient energy conversion. 
Referring now to FIGS. 17A-17B, one variation of a solar 
energy collector system 1700 may comprise a solar radiation 
absorber 1710 that comprises a plurality of absorber tubes 
1711, and a first reflector 1717. First reflector 1717 may be 
configured to reflect incident solar radiation 1713 to a first 
absorber tube 1711" in absorber 1710. A second reflector 1718 
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may be configured to reflect incident solar radiation 1713 to a 
Second absorber tube 1711" in absorber 1710. Reflectors 
1717 and 1718 may each be part of a reflector row or reflector 
row segment in a reflector field. Reflectors 1717 and 1718 
may be part of different reflector fields, e.g., reflector 1717 
may be part of a first reflector field and reflector 1718 may be 
part of a second reflector field, or reflectors 1717 and 1718 
may be part of the same reflector field. The receiver 1705 may 
include an elongated receiver channel 1719, with an aperture 
1709 extending transversely between receiver channel side 
walls. Optionally, the receiver 1705 may comprise window 
support members 1720 and 1721 extending along opposite 
sides of aperture 1709. Window support members may, for 
example, be similar to those discussed in connection with 
FIGS 11 A-11E. 

0140. So that light does not leak past the outer circumfer 
ential edges of the first absorber tube 1711", first reflector 
1717 may be oriented so that its outer edge 1716 is aligned 
with a tangent extending from outer circumferential edge 
1714 of first absorber tube 1711". Similarly, second reflector 
1718 may be oriented so that its outer edge 1722 is aligned 
with a tangent extending from outer circumferential edge 
1714" of second absorber tube 1711". Angle C. indicates 
approximately the largest angle of incidence (relative to nor 
mal 1790) for a ray directed from first reflector 1717 to first 
absorber tube 1711", and angle findicates approximately the 
largest angle of incidence for a ray directed from second 
reflector 1718 to second absorber tube 1711". 

0141 Referring now FIG. 17B, spaces (e.g., spaces 
A-A) may be provided between adjacent absorber tubes in 
a receiver to accommodate relative thermal expansion and/or 
movement of the absorber tubes. To reduce or minimize the 
amount of Solar radiation directed and lost through the inter 
tube spacing, the spacing between absorber tubes may be set 
as shown in FIG. 17B. The absorber tubes may be spaced 
apart by setting the spacing (e.g., with a spacer) between 
absorber tubes such that an inner edge of a reflector that is 
closest to the receiver (e.g., inner edge 1724 of reflector 1717) 
is aligned with tangents 1780 to outer circumferential edges 
1714 of receiver tubes 1711. Spacings A-A result, where the 
spacings refer to a distance between the outermost points of 
adjacent absorber tubes. The use of Such inter-tube spacings 
may allow tubes to be spaced apart without significantly 
reducing collection efficiency. If the inner edge of a reflector 
or reflector row on each side of the receiver is positioned the 
same distance from the receiver, this method of setting inter 
tube spacings will result in spaces between absorber tubes 
that vary, with spaces between outer absorber tubes smaller 
than those between inner absorber tubes. Once the inter-tube 
spacings are set, Such spacings may be maintained with spac 
ers. For example, spacers similar to those illustrated in FIGS. 
16A-16B may be used. In some variations, the inter-tube 
spacings may be simplified by using a uniform inter-tube 
spacing equal to the Smallest such spacing determined by the 
method illustrated in FIG. 17B for some or all adjacent pairs 
of absorber tubes. 

0.142 Improved receivers may be designed to reduce the 
number and/or effectiveness of thermal conduction paths 
(i.e., thermal shorts) between the cavity housing the Solar 
radiation absorber and other structures in the receiver. Reduc 
ing thermal shorts may increase Solar collection efficiencies 
ofa receiver or of a Solar energy collection system comprising 
such a receiver, e.g., by about 2%, about 3%, about 5%, or 
even more. Referring now to FIGS. 18A-18C, receiver 1805 
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comprises receiver channel 1819 that houses a solar radiation 
absorber (not shown) in an elongated cavity 1820. The solar 
radiation absorber may be supported by an absorber support 
1849. The absorber support 1849 and receiver channel 1819 
may each be coupled to frame 1808. Frame 1808 may, in 
some variations, comprise arched structural member 1850 
and transverse bridging member 1851. Spaces and/or ther 
mally insulating standoffs may be inserted between the 
receiver channel 1819 and frame 1808, and/or between the 
absorber support 1849 and frame 1808 to reduce or interrupt 
thermal conduction pathways. 
0143 FIG. 18B shows an expanded view of a junction 
between absorber support 1849 and transverse bridging 
member 1851 of frame 1808. A space 1860 is provided 
between receiver channel 1819 and transverse bridging mem 
ber 1851. The space 1860 interrupts thermal conduction paths 
between the receiver channel 1819 and the frame 1808, and 
between the absorber support 1849 and the frame 1808 by 
reducing or eliminating Surface area contact with the frame. 
Further, any thermal path between the structures of the ther 
mal cavity and the frame via connection bolt 1870 between 
the frame 1808 and the absorber support 1849 may be 
reduced, e.g., by providing a thermally insulating washer 
1871 between bolt 1870 and absorber support 1849, and/or 
coating the bolt or the orifices through which the bolt extends 
with an insulating material. Although not shown in FIG. 18B, 
thermally insulating standoffs, such as /8" thick fiberglass 
tape, may be provided in space 1860. 
0144 Other types of thermal separation members may be 
used between metal structures in a receiver to reduce heat 
conduction away from the receiver channel. For example, 
FIG. 18C provides an expanded view of an interconnection 
region between receiver channel 1819 and frame 1808 near 
window support member 1821. As shown there, the contact 
area between the receiver channel 1819 and the frame may be 
reduced by supporting receiver channel 1819 on a set of 
spaced-apart thermal separation members 1888 (e.g., brack 
ets) that are distributed along a length of an interconnection 
region between the receiver and the frame. In some variations, 
thermal separation members 1888 may be metal. In other 
variations, thermal separation members may be at least par 
tially formed from thermally insulating materials, thereby 
improving the degree of thermal isolation between frame 
1808 and receiver channel 1819. Although not shown in detail 
in FIGS. 18A-18C, analogous thermal separation members 
may be used between receiver channel 1819 and the opposite 
side of frame 1808, near window support member 1822. 
0145 Thermal separation members may have any suitable 
dimensions that can effectively reduce or interrupt thermal 
contact, e.g., by reducing or eliminating the contact area 
between two thermally conductive (e.g., metal) surfaces. Any 
Suitable thermal separation members may be used. As dis 
cussed above in connection with FIG. 18C, thermal separa 
tion members may be thermally conductive in some 
instances, as long as they reduce thermal contact. In other 
cases, thermal separation members may be at least partially 
formed from a thermally insulating material. Non-limiting 
examples of thermally insulating materials include paints, 
polymeric coatings, rubbers, composites, insulating tape, 
glasses, and ceramics. For example, insulating tape (e.g., 
fiberglass tape) having a thickness of about 1 mm or less, e.g., 
about 0.5 mm or less, or about 0.3 mm or less, may be used 
between the absorber support and the frame, and/or between 
the receiver channel and the frame. Other steps may be taken 
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to further reduce thermal shorts between structural compo 
nents in a receiver to increase collection efficiency. For 
example, Screws, rivets, or clamps that secure components to 
the absorber or to the receiver channel may be selected to have 
reduced thermal conductivities, or thermally insulating coat 
ings may be provided on Such screws, rivets, and/or clamps. 
0146. As indicated above, for example, in connection with 
FIGS. 16A-16B, solar radiation absorber tubes may be sup 
ported by one or more rollers extending transversely across a 
receiver channel. The one or more rollers turn as the tubes 
expand and contract longitudinally, thereby allowing con 
tinuous Support of the tubes. To reduce the amount of energy 
required to turn the rollers, hollow rollers may be used. How 
ever, hollow rollers may not have sufficient strength across 
their transverse span to Support the tubes and the heat 
exchange fluid flowing through the tubes. 
0.147. In some variations of receivers, rollers for support 
ing heat exchange-fluid tubes may be designed that required 
a reduced amount of energy to turn. Examples of such rollers 
are illustrated in FIGS. 19 A-19B. There, receiver 1905 
includes absorber 1910 that comprises absorber tubes 1911 
supported by roller 1902. Roller 1902 comprises an outer 
cylinder 1903 and an inner shaft 1904. The outer cylinder 
1903 may be supported on inner shaft 1904 at each end 1907 
by bushings 1906. Pins 1930 (e.g., cotter pins) may be used to 
Secure roller 1902 between side walls 1915. The inner shaft 
1904 may be a solid rod, or a nearly solid rod. Thus, the inner 
central shaft 1904 may provide roller 1902 with sufficient 
transverse strength to support tubes 1911, and the hollow 
cylinder 1903 that contacts the tubes 1911 can rotate freely 
from inner shaft 1904, and can thus turn with less energy as 
tubes 1911 expand and contract longitudinally. Reduced fric 
tion between tubes 1911 and roller 1902 may also reduce 
frictional damage tubes 1911, e.g., to an absorptive coating 
applied the exterior of the tubes. 
0.148. In some variations of rollers such as those illustrated 
in FIGS. 19A-19B, a ratio between a diameter of an outer 
cylindrical member Supported on an inner central shaft may 
be about 2, or about 3, or about 4, or even higher, e.g., about 
5. An inner shaft may have a diameter of about 4", so that an 
outer diameter of an outer cylinder Supported on the inner 
shaft may be between about 0.5" and 1.5", e.g., about 1". In 
Some variations, outer cylinders may have an outer diameter 
of about 1", and an inner diameter of about 34". Bushings may 
have any suitable width 1980 to support a hollow cylinder on 
central shaft. For a receiver having a width of about 1.3 
meters, about 10 parallel absorber tubes each having outer 
diameters of about 2" may be supported on a series of rollers 
spaced longitudinally apart by about 8 feet. In this series of 
rollers, a hollow cylinder having an inner diameter of about 
34" cm may be supported on a central shaft having an outer 
diameter of about 4", where about 0.5" wide bushings may 
provide the /2" standoff distance between the outer diameter 
of the central shaft and the inner diameter of the hollow 
cylinder are used at both ends, and allow the hollow cylinder 
to rotate independently of the shaft. 
0149 Variations of receivers may include one or more sets 
of coaxial, independently rotating rollers to Support a group 
of absorber tubes. These designs may accommodate differ 
ential thermal expansion between absorber tubes to reduce 
friction between the tubes and the roller. An example of such 
a receiver is illustrated in FIGS. 19C-19D. There, receiver 
1955 comprises an absorber 1960 that comprises a plurality 
of absorber tubes 1961. In this variation, the plurality of 
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absorber tubes is supported by a coaxial set of rollers 1952. In 
this particular example, the coaxial roller set is designed so 
that each absorber tube 1961 is supported by an individual 
roller 1952 that rotates about axle 1953. However, as dis 
cussed below, an individual roller in a coaxial roller set may 
Support more than one absorbertube, e.g., a pair or a group of 
absorber tubes. Each individual roller 1952 can rotate inde 
pendently to accommodate relative expansion between indi 
vidual absorber tubes 1961. The individual rollers 1952 may 
each have a profiled cross section 1954 to keep each absorber 
tube aligned with its corresponding roller, and to keep the 
tubes spaced apart. Rollers 1952 may be secured between side 
walls 1965 by pins 1979 (e.g., cotter pins). Optionally, a 
spacer (e.g., suspended from frame 1968, similar to side walls 
1965) may be placed between adjacent ones of the individual 
rollers in coaxial roller sets. In some variations, individual 
rollers 1952 may be hollow, e.g., similar to those illustrated in 
FIGS. 19 A-19B. Variations of coaxial individual roller 
designs may, for example, comprise individual rollers for 
pairs of adjacent tubes, or other groupings of adjacent 
absorber tubes. For example, in some variations, relatively 
cold inlet tubes may be placed on the outer edges of an 
absorber, while relatively hot tubes are placed in the central 
region of the absorber. In those variations, each of the outer 
relatively cold inlet tubes may have an individual roller, 
whereas a group of central relatively hot tubes may be Sup 
ported by a common roller. Receivers may comprise a series 
of such sets of individual coaxial rollers, where the sets of 
coaxial rollers are distributed along the length of a receiver. 
Receivers incorporating roller designs or roller configura 
tions that combine variations of rollers described here (e.g., in 
FIGS. 16A-16B and FIGS. 19A-19D) and/or other rollers 
known in the art or later developed may also be used. 
0150. Variations of absorbers for use in receivers of solar 
arrays are provided here that can accommodate longitudinal 
thermal expansion of absorber tubes and/or increase the effi 
ciency of energy conversion between incident Solar radiation 
and a heat exchange fluid. Examples of Such absorbers are 
illustrated in FIGS. 20A-20D. There, solar array 2000 com 
prises an elevated receiver 2005 and reflectors (not shown) 
that may be arranged in reflector rows that are parallel to 
receiver 2005. The reflectors may be rotated via reflector 
supports 2003 to at least partially track diurnal motion of the 
sun. Although reflector supports 2003 are illustrated as hav 
ing hoop-like frames in FIGS. 20-20D, any suitable reflector 
Supports as described herein, known in the art, or later devel 
oped may be used. A solar radiation absorber 2010 in receiver 
2005 may comprise a plurality of absorbertubes 2011 that can 
absorb solar radiation and transfer heat to a heat exchange 
fluid carried within the absorber tubes. An input/output 
header 2012 controls the flow of heat exchange fluid to and 
from the plurality of tubes 2011. A turnaround header (shown 
in FIGS. 20E and 20F) may be positioned at the opposite end 
of receiver 2005 and may, for example, comprise a turnaround 
section for each tube 2011. 

0151 Pipes may be arranged to reduce heat loss from 
pipes containing relatively hot fluid, and to accommodate the 
difference in temperature between incoming and outgoing 
heat exchange fluid. For example, in Some instances an input/ 
output header may be divided into an input section and an 
output section to accommodate the differential thermal 
expansion between these two classes of pipes. Referring now 
to the example illustrated in FIG. 20B, the input/output 
header 2012 comprises two sections, an inlet section 2014 
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and an outlet section 2016. The inlet section 2014 may be 
connected to a fluid source (e.g., water) via flange 2018, and 
the outlet section 2016 may be connected via flange 2019 to a 
reservoir (not shown) to store heated fluid. The inlet and 
outlet sections may comprise any Suitable number of inlets 
and outlets, respectively. For the example shown in FIG.20B. 
inlet section 2014 comprises two inlets 2015. Although the 
outlet section 2016 is illustrated as having 8 outlets 2017 in 
FIG. 20B, other variations may comprise 4 to 18 outlets. 
Furthermore, the inlet tubes 2011" that are fed via inlets 2015 
may be located on or near the outer edges of the group of tubes 
2011 that extend in and out of receiver 2005. Outlet tubes 
2011" that are connected to outlets 2017 to recirculate or 
release relatively hotheat exchange fluid may be located in an 
inner region of the group of tubes 2011. Thus, colder incom 
ing heat exchange fluid is confined to the outer periphery of 
absorber, and heated fluid remains near the inner core of the 
absorber, thereby reducing heat losses from the heated fluid. 
0152 Solar absorbers may comprise any combination of a 
variety of features to accommodate tube thermal expansion, 
and in particular, differential thermal expansion and contrac 
tion of the tubes along the length of the receiver. Some solar 
absorbers may comprise a moveable header (e.g., an input/ 
output header and/or a turnaround header). These headers 
comprise at least a section orportion that can move to accom 
modate tube thermal expansion. Alternatively, or in addition, 
Solar absorbers may comprise a header manifold that com 
prises first and second headersections, where the first header 
section is configured to move independently of the second 
header section. For example, in the variation illustrated in 
FIGS. 20A-20F, input/output manifold 2012 may float in at 
least one direction so that it is free to translate in that direction 
as tubes 2011 expand and contract. Further, the input/output 
manifold 2012 comprises an inlet section 2014 and an outlet 
section 2016, and the inlet and outlet sections can move 
independently of each other. Variations of solar absorbers 
may also comprise one or more flexible joints and/or flexible 
pipe interconnections to accommodate thermal expansion. 
0153. Some absorbers may comprise pipe configurations 
or tube structures extending beyond the receiver body that can 
accommodate differential thermal expansion and contrac 
tion. Such pipe configurations or tube structures may, for 
example, comprise one or more bends that may expand, con 
tract, and/or twist to accommodate pipe length changes. One 
example of such a tube structure is one that comprises two or 
more bends between an input/out header manifold and the 
receiver, where at least two of the two or more bends are not 
in the same plane as each other. For example, two bends may 
be in planes that are approximately orthogonal to each other. 
In these variations, the expansion of the pipe may lead to 
torsional movement via expansion through the two bends that 
reduces stress on the pipe and/or pipe joints. Referring again 
to FIGS. 20A-20D, tubes 2011 each comprise a first bend 
2022 and a second bend 2024 between the input/output 
header manifold 2012 and the receiver 2005. In this example, 
first bend 2022 is not coplanar with respect to second bend 
2024. FIGS. 20O-20D show that bend 2022 is in a first plane 
that is approximately orthogonal to a second plane containing 
bend 2024. A dashed line 2026 indicates that as bends 2022 
and 2024 thermally expand, an overall torsional movement of 
one or more tubes 2011 may result to accommodate extensive 
thermal expansion in the one or more tubes while reducing 
stress on tubes and tube joints. 
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0154 As stated above, absorbers may comprise one or 
more turnaround headers located at the opposite end of the 
receiver from the input/output header. Steam and water flow 
ing from the input/output header to the opposite end of the 
receiver may enter a turnaround header and exit the turn 
around header to flow back toward the input/output header. 
For example, the variation of the solar radiation absorber 
2010 illustrated in FIGS. 20A-20D may comprise a turn 
around header 2060 as illustrated in FIGS. 20E and 20F. 
There, turnaround header 2060 comprises a turnaround vol 
ume 2061. As illustrated in this example, turnaround volume 
2061 may be a cylindrically shaped volume. Although the 
ends of volume 2061 are shown as uncapped for purposes of 
illustration, in operation both flanges 2062 are capped by end 
plates (not shown). Steam and water may enter the turnaround 
volume 2061 through peripherally-located inlet tubes 2011", 
and may exit the turnaround volume 2061 through centrally 
located outlet tubes 2011". In some variations, one or more 
tube bends feeding into a turnaround header may comprise 
one or more flexible joints. The turnaround header may be 
Supported in the receiver in Such a way that the turnaround 
header may move (e.g., translate longitudinally) to accom 
modate thermal expansion and contraction of the tubes. In 
other variations, the turnaround header may be fixed in posi 
tion. In the latter variations, thermal expansion and contrac 
tion of the tubes may be accommodated, for example, by 
other means as described herein. 

0155. In some variations of absorbers, all pipes are con 
nected to an input/output header via tube structures as illus 
trated in FIGS. 20A-20D. In other variations, only some 
absorber tubes, or one absorber tube, may be coupled to an 
input/output header using Such tube structures. Absorbers 
comprising any combination of the thermal expansion capa 
bilities that are illustrated in FIGS. 20A-20F, e.g., moveable 
header manifolds, manifolds comprising multiple sections 
that are configured to move relative to each other, and pipe 
bend configurations to accommodate expansion, known in 
the art, or later developed, are contemplated. Further, absorb 
ers comprising any combination of these thermal expansion 
capabilities may be used in combination with any receiver or 
array described herein, known in the art, or later developed. 
0156 Header manifolds and/or tubes may comprise addi 
tional features to control the flow between absorber tubes. If 
the level of a heat exchange fluid in an absorber tube becomes 
too low, a thermal runaway situation may result causing 
decreased performance and/or damage to a receiver. For 
example, if water is being used as a heat exchange fluid, and 
the level of water in a tube is too low, the steam-water ratio 
may be increased, which, in turn, may lead to an increased 
pressure drop in that tube. A localized increased pressure drop 
in an absorber tube will cause the steam-water ratio in that 
tube to increase even more, leading to a thermal runaway 
situation in which that absorber tube may eventually become 
dry. To avoid a thermal runaway situation and resulting dry 
absorber tubes, an arrangement of Solar absorber tubes mak 
ing up a solar absorber may be provided in which the pressure 
drops across all tubes are maintained to be relatively constant. 
If the pressure drops across all tubes are maintained to be 
relatively constant, then the waterflow down each tube will be 
approximately the same. 
0157. If the pressure drop across each absorber tube is 
dominated by the pressure drop at a tube orifice (e.g., an end 
orifice), other Smaller pressure drops along a tube (e.g., due to 
local turbulence and/or local heating) may not cause signifi 
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cant fluctuations in pressure drop in that tube. For example, 
one or more flow control elements may be inserted in one or 
more tube orifices to control the pressure drop therein. Some 
flow control elements may, for example, cause a pressure 
drop in a tube that is about 40%, about 50%, or about 60% of 
the total pressure drop across the pipe from its turnaround 
point to its outlet. Flow control elements may be inserted at 
any suitable position along the pipes. For example, in some 
cases, flow control elements may be inserted in a turnaround 
header, e.g., to control the flow of fluid exiting the turnaround 
header to return to an input/output header. Referring back to 
FIGS. 20E and 20F, flow control elements (not shown) may 
be attached to one or more tube ends of tubes 2011" that 
penetrate header 2060 to reach turnaround volume 2061. 
0158 Flow control elements may have any suitable con 
figuration. For example, as illustrated in FIG. 20O, flow 
through pipe or tube 2051 may be restricted by attaching a 
removable flange 2053 with a reduced size orifice 2054 (as 
compared to the inner diameter 2055 of pipe 2051) to end 
flange 2051. Reduced size orifice 2054 may represent a single 
orifice, or a group of Smaller orifices, e.g., perforations. In 
other variations, flow control elements may comprise a per 
manently affixed flange comprising one or more reduced-size 
orifices. In still other variations, as illustrated in FIG. 20I, a 
flow control element 2056 coupled to an end flange 2057 of 
pipe 2058 may be conical and have one or more reduced-size 
orifices 2059 as compared to an inner diameter 2060 of pipe 
2058. Some variations of flow control elements may be 
affixed to a pipe by threading onto a threaded end of the pipe. 
For example, pipe 2061 in FIG.20H comprises a threaded end 
2064. Insert 2062 may be threaded onto pipe 2061 to provide 
a reduced diameter orifice 2063 for pipe 2061. 
0159. In receivers comprising a plurality of solar radiation 
absorber tubes for carrying a heat exchange fluid, fluid flow 
through the tubes may be designed to reduce heat losses from 
the tubes. Thus, as described in International Patent Applica 
tion Number PCT/AU2005/000208, which has already been 
incorporated by reference herein in its entirety, absorbertubes 
containing relatively high fluid temperatures may be posi 
tioned near the interior of an arrangement of parallel tubes 
making up a Solar absorber, and correspondingly, tubes con 
taining the coldest fluid may be positioned toward the periph 
ery of the arrangement of parallel tubes. In some variations of 
receivers, fluid flow through absorber tubes may be in unidi 
rectional streams. Other fluid flow arrangements may be used. 
0160 FIGS. 21A-21C illustrate various arrangements of 
flow patterns of heat exchange fluid through solar absorber 
tubes that may be used to reduce heat losses and increase the 
overall collection efficiency of a receiver. FIG.21A illustrates 
diagrammatically one flow control arrangement for a plural 
ity of solar absorber tubes. There, receiver 2105 comprises 
multiple interconnected receiver structures 2105.a. Each of 
the fluid lines 2111A, 2111B, 2111C, and 2111D is represen 
tative of four absorber tubes in receiver 2105. Junction points 
2173 indicate joints, interconnections, or valves between 
tubes or tube sections. In-flowing heat exchange fluid is first 
directed along forward input line 2111A, then along return 
line 2111B, then along forward line 2111C, and finally along 
and from return line 2111D. This fluid flow pattern between 
absorber tubes results in colder fluid being directed through 
tubes that are near or around the periphery of receiver 2105, 
whereas heated fluid travels through an inner core region of 
receiver 2105. In some variations, a flow control device 2139, 
e.g., a manifold, may be used for selective control over the 
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flow of heat exchange fluid. For example, a valve manifold 
2114 may be used to selectively open or close fluid paths 
2111A-2111D. 

0161 Alternative fluid flow patterns may be used to meet 
fluctuating load demands and/or adjust for prevailing ambient 
conditions. For example, selected ones of absorber tubes in a 
receiver or receiver structure may be closed. In FIG. 21B, 
tubes corresponding to fluid paths 2111A and 2111B are 
closed, so that all fluid flows through tubes corresponding to 
fluid paths 2111C and 2111D. In FIG. 21C, tubes correspond 
ing to fluid paths 2111C and 2111D are closed, so that all fluid 
flows through tubes corresponding to fluid paths 2111A and 
2111B. 

0162 Any suitable method or scheme may be used to 
install an elevated receiver above one or more reflector fields. 
For example, a series of Vertical Support structures may be 
anchored to the ground similar to vertical Support structures 
218 shown in FIG. 2A, and an elongated receiver may be 
lifted with a crane and installed into the vertical support 
structures. As discussed above, an elongated receiver may 
comprise multiple receiver structures. The receiver structures 
may be elevated individually, and coupled together to forman 
elongated receiver after they have been installed onto vertical 
Support structures. Alternatively, receiver structures may be 
at least partially coupled together before being elevated. 
Frames of the receiver structures may be coupled together 
with mating flanges, for example, and absorbers in receiver 
structures may be coupled together with pipe fittings, e.g., 
flexible pipe fittings. Roofs may be installed onto a receiver 
before or after coupling multiple receiver structures together 
to form an elongated receiver, and before or after elevating to 
an installed position. In some variations, it may be desirable 
to install a roof, e.g., a roof formed of curved sheet metal 
similar to that depicted in FIG. 15, after multiple receiver 
sections have been coupled together to form an elongated 
receiver. This may eliminate seams in the roof, or reduce the 
number of seams in the roof, and may impart greater longi 
tudinal stability to the receiver, e.g., to prevent bending and/or 
torsion. Windows may be installed into receivers or receiver 
structures before or after elevating to an installed vertical 
receiver position. 
0163. In some situations, it may be desirable to reduce or 
eliminate the number of aerial welds or other aerial assembly 
steps that must be performed. In those instances, the receiver 
may be partially or entirely assembled on the ground and then 
elevated in its assembled (e.g., welded) form. To avoid or 
minimize crane use, one or more vertical Support structures 
that may eventually be used support the elevated receiver 
during array operation may also be used to elevate a receiver. 
Referring now to FIG. 31A, solar array 3100 is illustrated 
during construction. Array 3100 comprises two longitudi 
nally extending reflector arrays 3110. A series of vertical 
support structures 3101 are each anchored to the ground over 
elongated receiver 3105 and distributed along the length of 
the receiver. The receiver 3105 may be at least partially 
assembled (e.g., welded and/orbolted together) on or near the 
ground (e.g., on a stand). Manual, motorized, gravity-aided, 
or spring-aided hoists 3102 that are attached to vertical Sup 
port structures 3101 may be used to elevate the receiver to its 
installed position. For example, a hoist that lifts from above 
may be attached at or near a peak or uppermost portion of a 
vertical support structure (e.g., peak 3103 in FIG. 31A). As 
used herein, "hoist is meant to encompass any type of lifting 
structure, e.g., one or more cables and pulleys, a dumb-waiter 
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arrangement, a spring or a spring-loaded lift, a counterweight, 
a ratchet, a winch, an expandable lift, and the like. Hoists may 
lift a receiver from above, or from below. The vertical support 
structures 3101 may then support the receiver in its installed 
position during operation of the array. 
0164. In some variations, these vertical support structures 
may comprise one or mounting members to Support a 
receiver. Mounting members may have any Suitable configu 
ration, e.g., shelves, hooks, cross-bars, and the like. For 
example, vertical support structure 3101 in FIG. 31A com 
prises an open shelf 3106 that comprises comprising two 
longitudinally-extending ledges 3104. There, receiver 3105 
may be supported by shelf 3106 with a reduced amount of 
blockage to an aperture located on the underside of receiver 
3105. To avoid stressing the receiver during the elevation 
process, the operation of multiple hoists elevating the receiver 
may be coordinated or synchronized. Hoists may be removed 
from Vertical Support structures once receivers are installed. 
0.165 Some arrays may comprise variations of vertical 
Support structures that have graded leg thicknesses to reduce 
shading of reflectors by upper portions of the legs. Referring 
now to FIG. 31B, vertical support structure 3130 has legs 
3131 that comprise a relatively thick base portion 3132 and a 
thinner upper postportion 3133. The base portion may have a 
diameter that is about 50% thicker than that of the post por 
tion. For example, base portions may have diameters of about 
6", and postportions may have diameters of about 4". In some 
variations, base portions may comprise about 30%, about 
40%, about 50%, about 60%, or about 70% of a total leg 
length. Such leg configurations may provide adequate 
strength and rigidity to Support elevated receivers, while 
reducing the amount of shading on the Surrounding reflector 
arrays. A hoist may be mounted to vertical Support structure 
3130 to enable elevation of a receiver, as shown in FIG. 31A. 
0166 Although vertical support structures 3101 in FIGS. 
31A-31B are illustrated as A-shaped supports each having a 
vertex or peak 3103, other variations of vertical support struc 
tures may be used to elevate an elongated receiver from 
ground level and then continue to Support the elongated 
receiver during operation of a Solar array. Referring now to 
FIG. 31C, a T-shaped vertical support structure 3120 is 
anchored to the ground. T-shaped vertical Support structure 
3120 comprises a post 3121, and a shelf 3122. The post and 
shelfmay each have any suitable dimensions. For example, in 
Some variations, the post may be round, with a 6" diameter, 
and the shelf may have a thickness 3123 of about 4". An 
auxiliary structure 3124 may be attached to the post 3121 
and/or the shelf 3122. A hoist 3125 may be attached to aux 
iliary structure 3124, e.g., at or near the top of structure 3124 
for a hoist that lifts from above. Hoist 3125 may be operated 
(e.g., with a motor, a spring, gravity aid and/or manually) to 
lift a receiver from ground level to an elevated position, where 
it may be supported on shelf 3122 during operation of the 
array. Hoists and auxiliary structures that are used to Support 
hoists may be subsequently removed. 
0.167 Methods are also described for installing an elevated 
receiver into a Solar array using vertical Support structures 
that may eventually be used to support the elevated receiver 
during operation of the array. These methods generally 
include anchoring a vertical Support structure to the ground, 
elevating the receiver to an installed receiverposition with the 
Vertical Support structure (e.g., with a hoist coupled to the 
Vertical Support structure), and then Supporting the receiver 
with the same vertical Support structure during operation of 
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the array. For example, a hoist coupled to the vertical Support 
structure may be used to lift a receiver orportion of a receiver 
(e.g., a receiver body or a receiver structure). Non-limiting 
examples of Vertical Support structures that may be used in 
these methods are provided in FIGS.31A-31C. In some varia 
tions, these methods may be used as part of methods for 
installing a Solar collector system, e.g., a LFR array, disclosed 
herein, known in the art, or later developed. 
0.168. In these methods, an assembled or partially 
assembled elongated receiver may be positioned along a row 
of spaced-apart vertical Support structures at or near ground 
level. For example, the receiver may be assembled or partially 
assembled on a stand along a row of Vertical Support struc 
tures. The receiver may then be elevated by one or more of the 
Vertical Support structures to an installed receiver position. 
For example, at least one of the vertical Support structures in 
the row may comprise a hoist configured to lift the receiver. It 
should be pointed out that not all of the vertical support 
structures in the row need be capable of lifting the receiver. 
For example, in some instances, a vertical Support structure 
that is centrally located within the row may comprise a hoist 
to elevate an elongated receiver, and then the elevated receiver 
may be coupled to the other vertical support structures in the 
row in an installed receiver position. The receiver may con 
tinue to operate in an array this installed position. In other 
variations, two of a row of Vertical Support structures may 
each be capable of elevating the receiver, e.g., each may 
comprise a hoist. Those two vertical support structures may 
be end ones of the row, for example. In still other variations, 
more than two of a row of vertical support structures in a row 
may be capable of elevating a receiver, e.g., by comprising 
hoists. Although the examples of vertical Support structures 
shown in FIGS. 31A-31C illustrate the elevation of 
assembled (e.g., welded) or at least partially assembled 
receivers, the vertical Support structures and methods 
described above may also be used to elevate receiver struc 
tures that have not yet been assembled into a receiver, or 
receiver bodies, or other receiver components. 
0169. Some variations of solar collector energy systems 
may incorporate jointed vertical Support structures. These 
Vertical Support structures may be designed to Support an 
elevated receiver above one or more reflector fields, e.g., a 
first reflector field and a second reflector field. The jointed 
Vertical Support structures may allow a receiver or receiver 
structure, or a portion of thereof, to be coupled to the support 
structure at or near ground level, and then the joint may 
operate so that the receiver or portion thereof can be elevated 
to an installed vertical receiver position. 
0170 Referring now to FIG.22, vertical support structure 
2240 comprises a proximal end 2241 that is configured to be 
anchored to the ground, and a distalend 2242 configured to be 
coupled to an elevated receiver in a solar energy collector 
system. A first joint 2243 is configured to allow the distal end 
2242 to be angled toward the ground 2203 while the proximal 
end 2241 is ground-anchored. When distal end 2242 is angled 
toward the ground, a receiver, or a portion of a receiver Such 
as a receiver body or a receiverframe, may be coupled thereto 
at or near ground level. The first joint 2243 of the vertical 
Support structure 2240 may be configured so that the appli 
cation of lateral force (indicated by arrow 2244) to its distal 
end 2242 can cause the distal end to be elevated, so that a 
receiver or a portion of a receiver coupled thereto may be 
elevated to a vertical installed receiver position 22.45. 
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0171 Lateral tension may be applied to the distal end of a 
jointed vertical Support structure in any suitable manner. For 
example, a tether may be coupled to the distal end of the 
Vertical Support structure, and lateral tension applied to the 
tether to elevate the distal end. Some vertical support struc 
tures include a tether as part of the vertical Support structure. 
One or more pulleys may be used to guide and control the 
direction and amount of tension applied to the tether. The 
pulleys may be part of the vertical Support structure, e.g., 
mounted to the side of a vertical Support structure. Alterna 
tively, or in addition, one or more pulleys may be used that are 
separate from the vertical Support structure. 
0172. In some variations, joints in vertical support struc 
tures may be lockable. For example, joint 2243 in FIG. 22 
may be configured to automatically lock when Vertical Sup 
port structure is extended to an installed vertical position 
224.5, e.g., through the use of spring-tensioned pins that may 
automatically insert when the vertical Support structure 
reaches a particular position. In other variations, a locking 
mechanism may be manually activated when the vertical 
Support structure is in a desired position. Alternatively, or in 
addition, a separate locking member (not shown) may be 
used, e.g., a sleeve that is configured to slide over a joint and 
secure a joint. 
0173 Some variations of jointed vertical support struc 
tures may comprise more than one joint. Referring now to 
FIGS. 23A-23B, vertical support structure 2340 has proximal 
end 2341 that is configured to be anchored to the ground 
2303, and a distalend 2342. A first joint 2343 allows the distal 
end 2342 to be angled toward the ground to facilitate coupling 
a receiver or a portion of a receiver thereto at or near ground 
level. A secondjoint 2348 is positioned distally relative to the 
first joint 2343. The secondjoint 2348 may be movable inde 
pendently of first joint 2343. Each of the first joint 2343 and 
the second joint 2348 may be configured to elevate the distal 
end 2342 of support structure 2340 with the application of 
lateral tension (indicated by arrow 2344) to distal end 2342. 
Second joint 2348 may angle distal end 2342 closer to the 
ground 2303 than first joint 2343. The first and second joints 
each may be automatically lockable, manually lockable, and/ 
or lockable with a separate locking member, as described 
above in connection with FIG. 22. The first and secondjoints 
may be separately lockable, or may be jointly lockable. As 
with single-jointed vertical Support structures, multiple 
jointed vertical Support structures may comprise one or more 
tethers 2349 configured to be coupled to the distal end 2341, 
and one or more pulleys 2350 configured to guide and control 
the application of lateral tension to the distal end with the one 
or more tethers so that the support structure can be elevated to 
its installed vertical position. The one or more tethers and/or 
pulleys may be part of or separate from, the multiple-jointed 
Vertical Support structures. 
0.174 Methods for installing LFR solar arrays using ver 
tical support structures such as those illustrated in FIGS. 22 
and 23A-23B are provided. These methods include arranging 
a plurality of reflectors into reflector rows. A receiver body 
may be provided that includes an elongated receiver channel 
that comprises first and second longitudinal sidewalls extend 
ing along a length of the receiver channel, and an aperture 
disposed between the first and second sidewalls. Theaperture 
may extend along the entire length of the receiver channel, or 
along a portion of the length of the receiver channel. The 
receiver body may be oriented so that the length of the 
receiver channel is generally parallel to the reflector rows. 
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The methods include elevating the receiver body above the 
plurality of reflectors. The plurality of reflectors maybe 
aligned so that each reflector directs incident Solar radiation 
through the aperture of the receiver body. 
0.175. In some methods, elevating the receiver may com 
prise anchoring a proximal end of a jointed vertical Support 
structure to the ground and angling a distal end of the vertical 
Support structure toward the ground. The receiver body may 
then be secured to the distal end of the jointed vertical support 
structure at or near ground level. Then lateral force may be 
applied to the distal end of the jointed vertical support struc 
ture to elevate the receiver body to its installed vertical posi 
tion. Lateral force may be applied using a tether connected to 
the distal end of the jointed vertical Support structure, e.g., as 
shown FIGS. 22 and 23A-23B. The tether may be threaded 
through one or more pulleys may be used to guide and/or 
control the application of lateral tension using the tether. In 
other methods, elevating the receiver to an installed receiver 
position may comprise elevating the receiver with a vertical 
Support structure (e.g., with a hoist coupled to the vertical 
Support structure) that may eventually support the receiver 
during operation of the Solar array. Examples of such methods 
of elevating the receiver were discussed above in connection 
with FIGS. 31 A-31C. 

0176). In some variations of the methods, a solar radiation 
absorber may be installed in the receiver channel of the 
receiver body before the receiver body is elevated. For 
example, as shown in FIG. 23B, a plurality of solar radiation 
absorbing tubes 2357 may be installed lengthwise into a 
receiver body (not shown). The tubes 2357 may be installed 
into the receiver body in any Suitable manner. For example, 
the absorber tubes may be inserted in a transverse direction 
(e.g., by rolling) to the receiver body while it is at or near 
ground level, and then secured to receiver body. Methods may 
also include installing a window in the aperture of the receiver 
channel. The windows may be installed before or after the 
receiver body is elevated to its vertical installed position. In 
some variations, the window may be installed into the 
receiver body in a transverse direction. The windows may be 
secured over the apertures to the receiver channels, e.g., by 
forming one or more junctions with the receiver channels 
using window Support members such as those described in 
connection with FIGS. 11A-11E. In some variations, in par 
ticular those in which the windows are installed prior to 
receiver elevation, tabs such as spring tabs may be used to 
secure the windows to the receiver channels. 

0177 Carrierframes for supporting reflector elements in a 
Solar energy collector system and methods for making Such 
carrierframes are provided. These carrierframes may be used 
for supporting reflector elements in LFR solar arrays. Refer 
ring to FIGS. 24A-24B, carrier frame 2400 comprises a first 
platform 2401 and a second platform 2402. First platform 
2401 has a first end 2403 and a second end 2405, and second 
platform 2402 has a first end 2404 and a second end 2406. The 
carrier frame 2400 also comprises a first reflector support 
2407. At least one attachment tab 24.12 may be affixed to the 
first reflector support 2407, e.g., by welding or bolting. The 
second end 2405 of the first platform 2401 may be fixed to the 
first reflector support 2407, e.g., by welding. The first end 
2404 of the second platform 2402 may be temporarily or 
removably attached to the first reflector support 2407 using at 
least one attachment tab 24.12 so that the first and second 
platforms 2401 and 2402 extend from opposite sides of first 
reflector support 2407. 
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0.178 Platforms may comprise a corrugated base layer. 
Such a construction may facilitate curving the platform Sur 
face so that a reflector element conforming thereto will have 
a desired radius of curvature, e.g., as discussed in connection 
with FIGS. 3 and 4. Prior to coupling platforms together to 
form an elongated reflector, one or more reflector elements 
may be affixed (e.g., using adhesive) to the platforms to 
follow the curvature of the platforms. The reflector elements 
may be metallic-backed glass mirrors having a thickness of 
about 3 mm or 4 mm to provide them with sufficient flexibility 
to follow the contour of the platforms of the reflector carrier 
frames. In some variations, a reflector element may be 
adhered to a platform using one or more lines of adhesive, 
where the one or more lines of adhesive run generally parallel 
to a longitudinal axis of the reflector element. A line of adhe 
sive may be continuous or discontinuous. For example, a line 
of adhesive may contain a series of breaks in the line to allow 
any water that becomes trapped between the reflector element 
and the platform a path to drain out. Referring now to FIG. 
24B, platform 2402 comprises a corrugated layer 2431 that 
may be attached to reflector support cross-member 2433. 
Transverse stabilizing members 2430 (e.g., ribs) and longi 
tudinal Stabilizing members 2434 (e.g., spines) may be pro 
vided as part of carrier frame 2400. 
0179. In many instances, it may be desired to reduce the 
amount of water and other contaminants retained orpooled by 
carrier frames and the like. For example, if multiple corru 
gated sections are used to form a carrier layer (e.g., similar to 
layer 2431 in FIGS. 24A-24C), the corrugated sections may 
be lapped to avoid pooling of water incorrugations. Referring 
now to FIG.24D, two corrugated sections 2450 and 2451 are 
joined at junction 2455 to form corrugated layer 2452 in 
carrier 2453. If carrier 2453 is always rotated in a clockwise 
direction (indicated by arrow 2454) to or from a storage 
position, then corrugated sections 2450 and 2451 may be 
lapped injunction 2455 so that water flows around the junc 
tion (as indicated by arrow 2456), as opposed to flowing 
between corrugated sections 2451 and 2450. 
0180. The attachment tabs may be configured to permit 
alignment of the second platform relative to the first platform 
and to allow securing of the second platform to the first 
reflector Support in an aligned position. For example, as illus 
trated in FIG. 24C, the attachment tab 24.12 may comprise a 
joint 2413 that allows alignment of platform 2402 secured to 
the attachment tab 24.12. The joint 24.13 may allow the plat 
form 2402 to be rotated and/or translated during alignment of 
the second platform to the first reflector support 2407. The 
attachment tab may include any suitable attachment scheme 
and type of joint. For example an attachment tab may com 
prise a threaded hole configured to accept a threaded bolt 
coupled to a platform. Alternatively, an attachment tab may 
comprise a clear hole or slot that a bolt coupled to a platform 
may be inserted through and secured with a nut. The example 
illustrated in FIGS. 24A-C includes a threaded hole designed 
to accept a threaded section of bolt 2417 on first end 2406 of 
second platform 2402. As indicated by arrow 2418, platform 
2402 may be rotated about an axis defined by bolt 2417 for 
alignment. Thus, the first end 2406 of the second platform 
2402 may be reversibly attached to the first reflector support 
and aligned with first platform 2401. In some variations, the 
second platform may be aligned relative to the first platform 
to within less than about 10 mm, e.g., about 8 mm, about 6 
mm, about 5 mm, about 4 mm, about 3 mm, about 2 mm, or 



US 2009/0056703 A1 

about 1 mm. In some carrierframes, the second platform may 
be permanently attached to the first reflector support after 
alignment, e.g., by Welding. 
0181 Some carrierframes may comprise second and third 
reflector supports so that the first platform is coupled to and 
Supported between the first and second reflector Supports, and 
the second platform is coupled to and supported between the 
first and third reflector supports. Referring again to FIGS. 
24A-24C, first platform 2401 is coupled to and supported 
between first reflector support 2407 and second reflector Sup 
port 2420, and second platform 2402 is coupled to and Sup 
ported between first reflector support 2407 and third reflector 
support 2421. The second and third reflector supports may be 
coupled to platforms in any suitable manner. For example, 
they may be permanently coupled, e.g., by welding, or tem 
porarily coupled, e.g., with a bolt or the like. The process 
described here for aligning two platforms interconnected to a 
common reflector Support may be repeated multiple time as a 
carrier frame comprising more than two platforms is 
assembled. 
0182 Although the reflector supports are shown as having 
hoop-like frames in FIGS. 24A-24D for ease of illustration, 
variations of carrier frames and methods of making Such 
variations of carrierframes are contemplated that utilize other 
types of reflector Supports, e.g., one or more reflector Sup 
ports similar to those illustrated FIGS. 2C and 2D. For 
example, the methods described above may be used to make 
a carrier frame that comprises more than one type of reflector 
Support, e.g., a first reflector support that comprises a hoop 
like frame and a second reflector support similar to that illus 
trated in FIG. 2C or 2D. 
0183 Drives and drive systems for solar energy collector 
systems are provided. In general, the drives include a motor 
that is configured to move and position one or more reflector 
Supports (e.g., one or more hoops Supporting one or more 
reflector elements). The drives may position the reflector 
elements to at least partially track diurnal motion of the Sun 
and to reflect incident solar radiation to an elevated receiver. 
In addition, the drives may be designed to move the reflector 
elements to a storage position during limited- or no-Sunlight 
hours, and/or during high wind or other inclement weather 
situations. In general, the drive systems include a motor and 
one or more reflector Supports (e.g., one or more hoops Sup 
porting one or more reflector elements). In the drive systems, 
the motor and the reflector Supports are coupled together to 
allow the desired movement and positioning of the reflector 
elements. 
0184. Some drive systems for solar energy collector sys 
tems comprise a bidirectional motor that is configured to 
drive a gear and a reflector Support that is, in turn, configured 
to support and rotate one or more reflector elements coupled 
thereto. The reflector support may be configured to rotate the 
reflector elements to at least partially track diurnal motion of 
the Sun, and to move the reflector elements to a storage posi 
tion during darkness and/or inclement weather. A chain may 
be engaged with the gear. The chain may be configured to 
wrap around an outer peripheral Surface of the reflector Sup 
port and to continuously engage with an engagement member 
that is affixed to the outer peripheral surface of the reflector 
Support so that the motor can rotate the reflector Support via 
the chain. 

0185 FIGS. 25A-25B illustrates one variation of such a 
drive system. There, drive system 2501 comprises a bidirec 
tional motor 2502 configured to drive a gear 2503. The drive 
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system also comprises a reflector support 2504, which may be 
coupled to and configured to rotate one or more reflector 
elements (not shown). A chain 2505 is wrapped around an 
outer peripheral surface 2506 of reflector support 2504. 
Reflector support 2504 may have a U-shaped periphery, so 
that outer peripheral surface 2506 is inset from peripheral 
sidewalls 2517. In this example, engagement member 2507 
comprises a toothed, gear-like structure 2508. The chain 2505 
forms a continuous loop, and continuously engages with gear 
2503 and gear-like structure 2508 as the reflector support is 
rotated between limit stops 2509 and 2510. The limit stops 
may be positioned anywhere around the periphery of the 
reflector Support, as long as the engagement member 2507 
remains engaged with chain 2505. For example, limit stops 
may be placed about 270° apart, so that bidirectional motor 
2502 may be configured to rotate reflector support 2504 
approximately +/-135°. 
0186 FIGS. 26A-26B illustrate another variation of a 
drive system that may be used with Solar energy collector 
systems described herein, known in the art, or later devel 
oped. There, drive system 2601 comprises a bidirectional 
motor 2602 configured to drive a gear 2603. The drive system 
also includes a reflector support 2604 that is configured to 
rotate and position one or more reflector elements (not 
shown) coupled thereto. Affixed to outer peripheral surface 
2606 of reflector support 2604 is engagement member 2607. 
Reflector support 2605 may have a U-shaped periphery, so 
that outer peripheral surface 2606 is inset from peripheral 
sidewalls 2617. In this embodiment, the chain 2605 does not 
form a continuous loop. Rather, chain 2605 comprises two 
ends, 2644 and 2645. Chain end 2644 is coupled to a first 
attachment point 2688 of engagement member 2607, and 
chain end 2645 is coupled to a second attachment point 2689 
of engagement member 2607. The first and second attach 
ment points are positioned along the periphery of the reflector 
Support on opposite sides of the engagement member. The 
first and second attachment points may have any Suitable 
configuration, e.g., they may be hooks, protrusions, clamps, 
or the like. When the reflector support is rotated between limit 
stops 2609 and 2610, the chain is continuously engaged with 
gear 2603, and rotation of the gearby the bidirectional motor 
2602 in a first direction applies tension to the chain 2605 to 
rotate the reflector Support in one of a clockwise and coun 
terclockwise direction, and rotation of the gearby the motor 
2602 in a second direction applies tension to the chain 2605 to 
rotate the reflector support in the other of a clockwise and 
counterclockwise direction. The limit stops 2609 and 2610 
may be positioned anywhere around the periphery of the 
reflector Support, as long as the engagement member 2607 
remains engaged with chain ends 2604 and 2605. For 
example, limit stops may be placed about 270° apart, so that 
bidirectional motor 2602 may be configured to rotate reflector 
support 2604 approximately +/-135°. 
0187. In drive systems that include a motor and chain to 
drive a reflector Support, it may be necessary to adjust the 
tension in the chain to reduce slack, and hence to reduce 
backlash and the like to improve the accuracy with which the 
reflector support may be positioned. Referring now to FIG. 
27, drive system 2701 comprises a motor 2702 configured to 
drive a gear 2703. The motor 2702 is mounted to a movable 
pivot arm 2704. A chain 2706 is engaged with gear 2703, so 
that when gear 2703 is driven by motor 2702, tension is 
applied to the chain 2706 to rotate a reflector support 2705, for 
example, as described in connection with FIGS. 25-25B and 
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26A-26B. The reflector support may be configured to rotate 
one or more reflector elements to at least partially track diur 
nal motion of the sun, and to rotate the reflector elements to a 
storage position when desired. In these variations of drive 
systems, the chain 2706 may be threaded around a movable 
pivot arm 2704. The pivot arm may comprise an adjustment 
(e.g., a height adjustment) that allows tension in the chain to 
be varied. For the example shown in FIG. 27, pivot arm 2704 
may be rotated about an axis determined by bolt 2708 to 
adjust the tension in chain 2706. In this example, the motor 
2702 and gear 2703 are mounted to pivot arm 2704. However, 
in other variations, the motor and gear need not be connected 
to the pivot arm, as long as the chain is threaded around the 
pivot arm to allow tension to be adjusted. The pivot arm may 
be continuously adjustable, as shown in FIG. 27. In other 
variations, the pivot arm may have preset positions that may 
be selected, e.g., with a ratchet, or with a spring-loaded or 
movable pin that may be inserted into one of a series of holes 
to control the height of a pivot arm around which a chain is 
threaded to adjust tension in the chain. 
0188 Other drive systems for use in solar energy collector 
systems are described. These drive systems include a motor 
configured to drive a reflector Support that Supports and 
rotates one or more reflective elements. These systems are 
designed to have reduced lateral movement of the reflector 
Support in the drive system, which may improve accuracy of 
positioning of the reflective elements, and/or reduce extrane 
ous motions to conserve energy. Referring now to FIGS. 
28A-28B, drive system 2801 comprises motor 2802 that is 
configured to drive gear a 2803. Motor 2802 may be mounted 
to a pivot arm 2807, similar to that described in connection 
with FIG. 27. Drive system 2801 comprises a reflector Sup 
port 2804 that comprises a hoop-like frame that supports and 
rotates one or more reflector elements (not shown), and a 
chain 2805 that is engaged with gear 2803 and wrapped 
around and coupled to an outer peripheral surface 2806 of 
reflector support 2804 so that when gear 2803 is driven by 
motor 2802, tension is applied to the chain 2805 to position 
reflector support 2804. One or more wheels 28.08 may be 
mounted to a base 2810. The one or more wheels 28.08 may be 
configured to contact the outer peripheral surface 2806 of the 
reflector support 2804 and to rotate freely as the reflector 
support rotates. The outer periphery of reflector support 2804 
may have a U-shaped profile 2840, so that the width 2841 of 
the wheel 2808 fits freely within the U-shaped profile 2840. 
Optionally, one or more vertical stabilization wheels 2842 
may be used to contact an inner surface 2843 of reflector 
support 2804 and to rotate freely as reflector support 2804 
rotates, to oppose wheels 2808 and to prevent the reflector 
Support from moving in an upward Vertical direction. 
(0189 Still referring to FIGS. 28A-28B, these drive sys 
tems may optionally include one or more lateral stabilization 
members that are configured to reduce an amount of lateral 
movement between the wheel and the outer peripheral surface 
of the reflector support. The lateral stabilization member may 
be any suitable member that provides lateral stability without 
unduly increasing the friction between the reflector support 
and the wheel. For example, as illustrated in FIGS. 28A-28B, 
the lateral stabilization member 2850 may comprise a first 
lateral stabilization wheel 2852 and a second opposing lateral 
stabilization wheel 2854. As reflector support 2804 rotates, 
first lateral stabilization wheel 2852 rolls against a side rail 
2856 of U-shaped periphery 2840 of reflector support 2804, 
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and second lateral stabilization wheel 2854 rolls against a 
side rail 2858 of U-shaped periphery 2840 that is opposite 
side rail 2856. 

0.190 Drives for use in a solar energy collector system are 
described here, where the drives may comprise a motor and a 
positional sensor. The motor may be configured to rotate one 
or more reflector Supports, where each reflector Support is 
configured to Support and rotate one or more reflector ele 
ments coupled thereto. The reflector elements may be aligned 
and configured to direct incident Solar radiation to an elevated 
receiver. The drives also may each comprise a positional 
sensor that is configured to sense a rotational position of the 
reflector support to within at least about 0.2 degrees, at least 
about 0.1 degrees, at least about 0.05 degrees, at least about 
0.02 degrees, or at least about 0.01 degrees. In some varia 
tions, the drives may further comprise a controller. In those 
instances, the controller may be configured to provide input to 
the positional sensor and/or to receive output from the posi 
tional sensor. A controller, if present, may be interfaced with 
the positional sensor and with a user in any suitable manner. 
The sensor and the controller may be each configured to 
receive analog input and/or output, and/or digital input and/or 
output. For example, the controller may be hard-wired to the 
positional sensor through a serial or parallel port. Alterna 
tively, or in addition, the controller may have a wireless 
interface with the sensor. The controller may be hard-wired or 
wirelessly interfaced with a user interface (e.g., a user-con 
trolled computer connected to the controller through a serial 
or parallel port), or the controller may be wirelessly inter 
faced with a user interface. In some variations, the controller 
may be remotely programmable so that instructions may be 
remotely sent and/or received from the controller. Some 
variations of these drives may comprise a closed-loop control 
configuration in which the controller is configured to receive 
input from the positional sensor to determine the rotational 
position of the reflector Support, and to provide output 
instructions to the motor or to a controller interfaced with the 
motor to rotate the reflector support and the reflector elements 
coupled to the reflector Support to a desired rotational posi 
tion. 

0191 The positional sensor may be configured to sense a 
rotational position of the reflector support when the reflector 
Support has stopped moving, or the positional sensor may be 
configured to sense a rotational position of the reflector Sup 
port while the reflector Support is moving. In the latter case, 
the time constant of the reading by the sensor may be selected 
according to the speed at which the reflector Support is rotat 
ing. For example, the time constant of the positional sensor 
may be selected to be about 50 ms to about 5 seconds, e.g., 
about 100 ms to about 500 ms, or about 500 ms to about 1 
second. Any Suitable positional sensor may be used in the 
drives and systems described here. Analog and/or digital sen 
sors may be used. In some variations, a sensor comprising at 
least two elements may be mounted to the reflector support. 
By analyzing the difference between measurements made by 
the at least two elements, the sensor may determine an abso 
lute or relative tilt of the reflector support. The at least two 
elements may be any Suitable type of elements, e.g., capaci 
tive elements or accelerometers. Non-limiting examples of 
suitable absolute and/or relative tilt sensors and/or inclinom 
eters that may be used as sensors are available from U.S. 
Digital (Vancouver, Wash.), Rieker, Inc. (Aston, Pa.), Kelag 
Künzli Elektronik AG (Switzerland), VTI Technologies (Fin 
land), National Instruments (Austin, Tex.), and Analog 
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Devices (Norwood, Mass.). If a sensor capable of detecting 
absolute tilt is used as a positional sensor, it may be positioned 
to within about 10 cm of a center of the reflector support to 
minimize gravitational effects on the sensor and associated 
errors. Other types of positional sensors may be used, e.g., 
inductive sensors or optical sensors. 
0.192 Positional sensors, if present, may be located on any 
suitable portion of a reflector support or carrier. For example, 
a positional sensor may be located on reflector Support frame 
or on a reflector Support base. In some variations, a positional 
sensor may be located on a hoop-like portion of a reflector 
Support frame, on a cross member or spoke of a reflector 
Support frame, or near a center of rotation of a reflector 
support or reflector element. Referring back to the example 
illustrated in FIG.28A, one or more positional sensors may be 
located on the hoop-like frame 2821 of reflector support 
2804, on a cross member 2820 and/or near a center of rotation 
2822 of reflector support 2804. Alternatively or in addition, a 
positional sensor may be located on base 2810 of reflector 
support 2804. 
0193 Some drives may include one or more limit sensors 
in addition to the positional sensor. In these drives, the limit 
sensor may be capable of detecting when the reflector Support 
has rotated to a corresponding limit position. The limit sen 
sors may be able to detect a position of a reflector support to 
within about 1 degree, about 0.5 degree, about 0.4 degree, 
about 0.3 degree, about 0.2 degree, about 0.1 degree, about 
0.05 degree, or about 0.02 degree. Limit sensors may, for 
example, be positioned at about 270° relative to each other, 
e.g., as illustrated in FIGS. 25A-B and 26A-B. Any type of 
sensor may be used as a limit sensor, e.g., an inductive sensor, 
an optical sensor, or an inclinometer Such as an inclinometer 
using capacitive sensing elements or accelerometers. In some 
cases, a limit sensor may be used to provide a reference 
position for a positional sensor, e.g., a more accurate posi 
tional sensor. In still other variations, the motor and/or the 
reflector Support may include an encoder or other positional 
information. For example, a servo drive encoder may be pro 
vided on the motor. Such servo drive encoders may allow for 
correction of backlash in motor movement. Alternatively, or 
in addition, the reflector Support may include a positional 
encoder Such as a notch or a series of notches. Any combina 
tion of the positional sensors, limit sensors, and encoders 
described here, known in the art, or later developed may be 
used. 

0194 In some variations of drives, the motor may be con 
figured to be coupled to a variable frequency drive to control 
the rotational position resolution. In these drives, an AC 
motor (e.g., a three phase, 480V AC induction motor) is 
configured to drive a reflector Support that is configured to 
Support and rotate one or more reflector elements coupled 
thereto. The motor may be interfaced with a variable fre 
quency drive to step down the frequency of the AC input, 
thereby allowing the motor to move less with one AC cycle. 
For example, nominal 50 Hz or 60 Hz AC power may be 
stepped down to about 1 Hz to about 6 Hz, or to about 1 Hz to 
about 5 Hz, to improve the ability of the motor to make 
smaller incremental rotational movements of the reflector 
Support. Any Suitable variable frequency drive may be used. 
The variable frequency drives may comprise an analog or 
digital controller. For example, some variable frequency 
drives may be programmable (e.g., remotely programmable) 
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through a serial or parallel port. Inputs and/or outputs from 
the variable frequency drives may be hard-wired and/or wire 
less. 

0.195. In some variations of these drives, the motor may be 
configured to be switched between direct AC drive operation 
and operation through the variable frequency drive. Bypass 
ing the variable frequency drive (VFD) may allow rapid rota 
tion of the reflector elements, e.g., to a storage configuration 
for limited- or no-Sunlight hours, and/or in preparation for 
inclement weather Such as high winds. In some cases, the AC 
motors operating through a VFD may be driven at a harmonic 
of the nominal AC power frequency (e.g., 50 Hz or 60 Hz). 
For example, motors may be driven at 100 Hz, 120 Hz, 150 
HZ, or 180 Hz for even faster and/or more efficient rotation of 
the reflector elements. 

0196. Some variations of drives may be capable of driving 
reflector Supports at more than one rotational speed setting. 
For example, Some drives may have a first slow rotational 
speed setting for relatively slow movement of the reflector 
Support with a relatively high degree of rotational position 
accuracy and a second rotational speed setting corresponding 
to motor speeds that allow relatively faster rotation of the 
reflector Support. Some variations may comprise a third rota 
tional speed setting corresponding to very rapid rotation of a 
reflector Support, e.g., the most rapid rotation of the reflector 
Support desired. Different rotational speed settings may be 
achieved by Supplying AC power having different frequency 
ranges to the motors in the drives. For example, the first 
rotational speed setting may be achieved by supplying AC 
power to a motor through a variable frequency drive operating 
at about 1 Hz to about 6 Hz, or about 1 Hz to about 5 Hz, e.g., 
at about 2 Hz or about 3 Hz. The second rotational speed 
setting may be achieved by operating a motor in direct drive 
at the nominal AC power frequency in the region where the 
drive is to be operated, e.g., about 50 Hz or about 60 Hz, e.g. 
The variable frequency drive connected to the motor may be 
bypassed to operate the motor in direct drive for the second 
rotational speed setting. The third rotational speed setting, if 
present, may be achieved by Supplying AC power at a har 
monic of the nominal AC power through the variable fre 
quency drive to a motor, e.g., at about 100 Hz, or about 120 
HZ. 

0.197 Drive systems are provided in which one or more 
VFDS may be configured to be connected to a set of motors. 
In these drive systems, each motor in the set may be config 
ured to drive one or more reflector supports, and each reflector 
Support may be configured to Support and rotate one or more 
reflector elements coupled thereto. For example, as illustrated 
in FIG. 29, a Solar energy collector system may comprise a 
drive system 2900 that comprises a set 2914 of motors 2910 
that are controlled by a single variable frequency drive 2912. 
Each motor 29.10 may, for example, be a 480V three-phase 
AC induction motor connected to a row of reflector elements 
Supported by a series of reflector Supports. Although the 
example in FIG. 29 shows a set of 4 motors connected to a 
single VFD, any suitable number of motors may be connected 
to a VFD, e.g., 2 motors or more, or 3 motors or more, or 4 
motors or more, or 5 motors or more, e.g., 8 motors, 10 
motors, or 12 motors. 
0198 As indicated above, some variations drive systems 
may comprise one or more Switches configured to bypass the 
variable frequency drive so that the at least one motor of the 
set of motors may operate in direct drive. Referring again to 
FIG. 29, drive system 2900 comprises a first bypass switch 



US 2009/0056703 A1 

2915 that is configured to bypass VFD 2912. Bypass switch 
2915 may comprise any suitable type of switch, e.g., a revers 
ing starter. In other variations, one or more additional 
Switches may be connected to individual motors or to a Subset 
of the set of motors. In some cases, a Switch may be provided 
for every motor, so that each motor may be independently 
decoupled from the VFD. For the example shown in FIG. 29. 
switches 2916 are provided between the VFD 2912 and the 
individual motors 2910, or between the bypass 2915 and the 
individual motors 2910. The switches 2916 may be config 
ured to be switchable as a bank of switches, or individually 
switchable. In some variations of drive systems, a first subset 
of the switches 2916 may be switchable as a bank, and a 
second subset of the switches 2916 may be independently 
Switchable. Of course, some drive systems may comprise 
multiple VFDs. In those instances, one or more switches may 
be provided to bypass more than one VFD. 
0199 Drive systems may be configured such that the 
reflector rows in a Solar array may be rotated in a serial 
manner (i.e., one reflector row at a time), or so that more than 
one reflector row may be rotated at the same time. For 
example, reflector rows may be rotated in a serial sequence 
through a VFD for positioning, or more than one reflector row 
may be rotated at the same time through a VFD for position 
ing. Similarly, when a VFD connected to motors driving a 
reflector rows is bypassed so that the motors are operating in 
direct drive, the reflector rows may be rotated in a serial 
manner, or more than one reflector row may be rotated at the 
same time. As indicated above, bypassing a VFD may enable 
rapid, simultaneous rotation of reflector elements to a storage 
position, with their reflective surfaces facing downward. In 
some arrays, two or more outer rows of a reflector field (or 
other reflector rows subject to high wind shear) may be con 
figured to have their VFDs bypassed and rotated in direct 
drive operation at the same time to a storage position. 
0200 Solar energy collector systems including drives or 
drive systems such as those discussed above comprising one 
or more positional sensors, and those described in connection 
with FIGS. 25-29 are also provided. Referring now to FIG. 
30, solar energy collector system 3001 comprises a set of 
master reflector supports 3002. Each master reflector support 
3002 may be driven by a drive 3003 comprising a motor that 
is configured to Support and rotate a segment of a reflector row 
3004. For example, a single motor may be configured to drive 
a row segment comprising 2, 4, 6, or 8 reflector elements 
3005. Slave reflector supports 3006 may be provided on each 
side of reflector elements 3005 and rotate following master 
reflector support 3002. A closed-loop controlled rotational 
positional sensor may be provided on one or more of the 
master or slave reflector Supports so that the rotational posi 
tion of the reflector row may be determined, and so that the 
reflector row may be rotated to a desired position to at least 
partially track diurnal motion of the Sun and direct incident 
solar radiation to elevated receiver 3015. Drives 3003 may be 
operated in sequence, or in parallel, so that row segments 
driven thereby may be rotated in a sequential or in a parallel 
operation. Multiple reflector row segments may be aligned in 
a collinear fashion so that each reflector row 3004 may be 
about 200 meters, about 300 meters, or about 400 meters 
long. 
0201 This disclosure is illustrative and not limiting. Fur 
ther modifications will be apparent to one skilled in the art in 
light of this disclosure and Such modifications are intended to 
fall within the scope of the appended claims. Each publication 
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and patent application cited in the specification is incorpo 
rated herein by reference in its entirety as if each individual 
publication or patent application were specifically and indi 
vidually put forth herein. 

What is claimed is: 
1. A Solar energy collector system comprising: 
an elevated receiver comprising a Solar radiation absorber; 
first and second reflector fields positioned on opposite 

sides relative to a center of the receiver; 
wherein: 
each reflector field comprises reflectors arranged into one 

or more parallel reflector rows extending generally in a 
direction parallel to a length of the receiver; 

the reflectors each comprise a reflective surface configured 
to direct incident Solar radiation to form a line focus at 
the solar radiation absorber in the receiver, 

the reflectors are configured to be driven to at least partially 
track diurnal motion of the Sun; and 

at least one reflector from the first and/or second reflector 
field has a focal length that is greater than a distance 
between the reflective surface of the at least one reflector 
and the solar radiation absorber. 

2. The solar energy collector system of claim 1, wherein the 
one or more parallel reflector rows comprises an outer row, 
and the at least one reflector having a focal length that is 
greater than a distance between the reflective surface of the at 
least one reflector and the solar radiation absorber is posi 
tioned in the outer row. 

3. The solar energy collector system of claim 1, wherein the 
at least one reflector has a focal length that is about 1% to 
about 15% greater than the distance between the reflective 
surface of the at least one reflector and the solar radiation 
absorber. 

4. A Solar energy collector system comprising: 
an elevated receiver comprising a Solar radiation absorber; 
first and second reflector fields positioned on opposite 

sides relative to a center of the receiver; 
wherein: 
each reflector field comprises reflectors arranged into one 

or more parallel reflector rows extending generally in a 
direction parallel to a length of the receiver; 

the reflectors each comprise a reflective surface configured 
to direct incident solar radiation to the solar radiation 
absorber in the receiver; and 

the reflectors are configured to be driven to at least partially 
track diurnal motion of the Sun, 

wherein the reflectors are arranged so that a focal length of 
each reflector is generally correlated with a distance 
between that reflector and the receiver. 

5. A reflector for use in a solar energy collector system, the 
reflector comprising a reflective Surface configured to direct 
incident Solar radiation to form a line focus at a Solar radiation 
absorber in an elevated receiver, and the reflector configured 
to be driven to at least partially follow diurnal motion of the 
Sun, wherein the reflector has a focal length greater than a 
distance between the reflective surface of the reflector and the 
solar radiation absorber. 

6. The reflector of claim 5, wherein the focal length of the 
reflector is about 1% to about 15% longer than the distance 
between the reflective surface of the reflector and the solar 
radiation absorber. 
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7. A Solar energy collector system comprising: 
an elevated receiver extending in a longitudinal direction; 
a vertical Support structure configured to Support the 

elevated receiver; and 
first and second guy wires, 
wherein: 

the first guy wire is coupled to the vertical Support structure 
at a first coupling point, extends laterally from the ver 
tical Support structure to a first anchoring point, and has 
a first resonance frequency between the first coupling 
point and the first anchoring point; and 

the second guy wire is coupled to the vertical Support 
structure at a second coupling point, extends laterally 
from the vertical Support structure to a second anchoring 
point, and has a second resonance frequency between 
the second coupling point and the second anchoring 
point, wherein the second resonance frequency is differ 
ent from the first resonance frequency. 

8. The solar energy collector system of claim 7, wherein the 
first resonance frequency differs from the second resonance 
frequency by at least about 20 percent. 

9. A set of guy wires, the set comprising first and second 
guy wires, each of the first and second guy wires comprising 
a distal end and a proximal end, wherein: 

the distal end of the first guy wire is configured to be 
coupled to a distal end of a ground-anchored vertical 
Support structure of a solar energy collector System at a 
first coupling point, and the proximal end of the first guy 
wire is configured to be anchored to the ground and/or to 
an anchoring structure at a first anchoring point; 

the distal end of the second guy wire is configured to be 
coupled to the distal end of the vertical support structure 
at a second coupling point, and the proximal end of the 
second guy wire is configured to be anchored to the 
ground and/or to an anchoring structure at a second 
anchoring point; and 

the first guy wire has a first resonance frequency between 
the first coupling and anchoring points when coupled to 
the vertical Support structure at the first coupling and 
anchoring points, the second guy wire has a second 
resonance frequency between the second coupling 
anchoring points when coupled to the vertical Support 
structure at the second coupling and anchoring points, 
and the first resonance frequency is different from the 
second resonance frequency. 

10. The set of guy wires of claim 9, further comprising a 
third guy wire comprising a distal end and a proximal end, 
wherein the distal end of the third guy wire is configured to be 
coupled to the vertical Support structure at a third coupling 
point, the proximal end of the third guy wire is configured to 
be anchored to the ground and/or to an anchoring structure at 
a third anchoring point, and the third guy wire has a third 
resonance frequency between the third coupling point and the 
third anchoring point that is different from at least one of the 
first and second resonance frequencies. 

11. The set of guy wires of claim 9, wherein a length of the 
first guy wire between the first coupling point and the first 
anchoring point is different than a length of the second guy 
wire between the second coupling point and the second 
anchoring point. 

12. The set of guy wires of claim 9, wherein a width of the 
first guy wire between the first coupling point and the first 
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anchoring point is different than a width of the second guy 
wire between the second coupling point and the second 
anchoring point. 

13. A Solar energy collector system comprising: 
an elevated receiver comprising a Solar radiation absorber; 
a plurality of vertical Support structures configured to Sup 

port the elevated receiver, the vertical support structures 
distributed longitudinally along a length of the elevated 
receiver; and 

an arrangement of longitudinal guy wires, wherein each 
longitudinal guy wire extends between two adjacent 
ones of the plurality of Vertical Support structures, and 
the vertical Support structures and/or the arrangement of 
longitudinal guy wires are configured to stabilize the 
Solar energy collector System and to accommodate lon 
gitudinal thermal expansion of one or more components 
of the elevated receiver. 

14. The solar energy collector system of claim 13, wherein 
the arrangement of longitudinal guy wires comprises a den 
sity of longitudinal guy wires that decreases as a distance 
from a longitudinal center of the elevated receiver increases. 

15. The solar energy collector system of claim 13, wherein 
the arrangement of longitudinal guy wires comprises a first 
set of generally parallel single longitudinal guy wires, each 
single longitudinal guy wire in the first set extending gener 
ally in a first diagonal direction between two adjacent ones of 
the plurality of vertical support structures. 

16. The solar energy collector system of claim 15, wherein: 
the arrangement of longitudinal guy wires further com 

prises a second set of generally parallel single longitu 
dinal guy wires, each single longitudinal guy wire in the 
second set extending generally in a second diagonal 
direction between two adjacent ones of the plurality of 
Vertical Support structures; and 

the first set and second sets of longitudinal guy wires are 
positioned on opposite sides relative to a longitudinal 
center of the receiver. 

17. A method of installing a linear Fresnel solar reflector 
system, the method comprising: 

arranging a plurality of reflectors into reflector rows; 
providing a receiver body comprising a receiver channel, 

the receiver channel comprising first and second side 
walls and an aperture each extending along a length of 
the receiver channel; 

arranging a plurality of Solar radiation absorbing tubes 
lengthwise in the receiver channel; 

inserting a window into the receiver channel in a direction 
transverse to the length of the receiver channel; 

securing the window over the aperture so that the window 
forms a junction with each of the first and second side 
walls of the receiver channel to form a cavity housing the 
Solar radiation absorbing tubes; 

orienting the receiver body so that the length of the receiver 
channel is generally parallel to the reflector rows; 

elevating the receiver body comprising the receiver chan 
nel, the solar radiationabsorbertubes, and the window to 
an installed vertical receiver position that is above the 
plurality of reflectors; and 

aligning the plurality of reflectors so that each reflector 
directs incident solar radiation through the window to be 
at least partially incident on one or more of the Solar 
absorber tubes when the receiver body is in the installed 
vertical receiver position. 
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18. The method of claim 17, comprising securing the win 
dow to the receiver channel with fasteners before elevating 
the receiver body to the installed vertical receiver position. 

19. The method of claim 17, wherein elevating the receiver 
body comprises: 

anchoring a proximal end of a jointed vertical Support 
structure to the ground; 

angling a distal end of the jointed vertical Support structure 
toward the ground; 

securing the receiver body to the distal end of the jointed 
Vertical Support structure; and 

applying lateral force to the distal end of the jointed vertical 
support structure to elevate the receiver body. 

20. The method of claim 17, comprising applying lateral 
force to the distal end of the jointed vertical support structure 
with a tether. 

21. The method of claim 18, further comprising threading 
the tether through one or more pulleys to control the applica 
tion of lateral force to the distal end of the jointed vertical 
Support structure. 

22. A vertical Support structure, comprising: 
a proximal end configured to be anchored to the ground; 
a distal end configured to be coupled to an elevated receiver 

in a Solar energy collector system; and 
a first joint, wherein the first joint is configured to: 

allow the distal end of the vertical support structure to be 
angled toward the ground for coupling the receiver 
thereto at or near ground level while the proximal end 
of the vertical support structure is anchored to the 
ground; and 

allow the distal end of the vertical support structure to be 
elevated with the application of lateral force to the 
distal end of the vertical Support structure, so that a 
receiver coupled thereto can be elevated to a vertical 
installed receiver position. 

23. The vertical Support structure of claim 22, comprising 
a second joint positioned distally relative to the first joint, 
wherein: 

the secondjoint can be flexed independently from the first 
joint; 

the second joint is configured to: 
allow the distal end of the vertical support structure to be 

angled more toward the ground than the first joint 
while the proximal end of the vertical support struc 
ture is anchored to the ground; and 

allow the distal end of the vertical support structure to be 
elevated with application of lateral force to the distal 
end of the vertical support structure, so that the 
receiver coupled thereto can be elevated to the vertical 
installed receiver position. 

24. The vertical support structure of claim 22, further com 
prising a tether coupled to the distalend of the vertical Support 
structure, wherein the tether is configured to apply lateral 
tension to the distal end of the vertical support structure to 
elevate a receiver coupled thereto. 

25. The vertical support structure of claim 24, further com 
prising one or more pulleys, wherein the tether is configured 
to be threaded through the one or more pulleys to guide the 
position of the tether as lateral tension is applied to the distal 
end of the vertical support structure. 

26. A method for making a carrier frame for Supporting 
reflector elements in a linear Fresnel solar reflector system, 
the method comprising: 
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providing first and second platforms, each platform com 
prising a first end and an opposite second end; 

providing a first reflector Support comprising one or more 
attachment tabs affixed to the first reflector support; 

fixing the first reflector support to the second end of the first 
platform; 

temporarily coupling the first reflector support to the first 
end of the second platform with the one or more attach 
ment tabs So that the first and second platforms each 
extend from opposite sides of the first reflector support; 
and 

aligning the second platform with the first platform with 
the one or more attachment tabs. 

27. The method of claim 26, further comprising fixing the 
first end of the second platform to the first reflector support 
after aligning the first platform with the second platform. 

28. The method of claim 26, further comprising providing 
second and third reflector supports, wherein the second 
reflector support is coupled to the first end of the first platform 
so that the first platform is supported between the first and 
second reflector supports, and the third reflector support is 
coupled to the second end of the second platform so that the 
second platform is supported between the first and third 
reflector Supports. 

29. The method of claim 26, comprising aligning the first 
platform with the second platform to within about 5 mm. 

30. A carrier frame for supporting reflector elements in a 
linear Fresnel reflector system, the carrier frame comprising: 

first and second platforms, each platform comprising first 
and second ends; and 

a first reflector Support comprising a first side and a second 
opposite side, and at least one attachment tab affixed to 
the first reflector support, wherein: 

the second end of the first platform is fixed to the first side 
of the first reflector support; 

the first end of the second platform is removably attached 
to the first reflector support with at least one attachment 
tab, so that the first and second platforms extend from 
opposite sides of the first reflector support; and 

the at least one attachment tab is configured to allow align 
ment of the second platform relative to the first platform 
and to allow securing of the second platform to the first 
reflector Support in an aligned position. 

31. The carrier frame of claim 30, further comprising sec 
ond and third reflector supports, wherein the second reflector 
support is fixed to the first end of the first platform so that the 
first platform is supported between the first and second reflec 
tor supports, and the third reflector support is fixed to the 
second end of the second platform so that the second platform 
is supported between the first and third reflector supports. 

32. The carrier frame of claim 30, wherein the attachment 
tab comprises a threaded hole configured to accept a threaded 
bolt coupled to the second platform. 

33. The carrier frame of claim 30, wherein the attachment 
tab is configured to allow rotation and/or translation of the 
second platform to align the second platform with the first 
platform. 

34. A method for installing an elevated receiver into a solar 
energy collector System, the method comprising: 

anchoring a vertical Support structure to the ground; and 
lifting a receiver with a hoist coupled to the vertical support 

structure; and 
coupling the receiver to the vertical Support structure to 

install the receiver in the Solar energy collector System. 
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35. The method of claim 34, wherein the vertical support 
structure comprises a shelf, and coupling the receiver to the 
Vertical Support structure comprises Supporting the receiver 
on the shelf. 

36. The method of claim 34, comprising: 
anchoring a row of Vertical Support structures to the 

ground, at least one of the vertical Support structures 
comprising a hoist; 

positioning an elongated receiver at or near ground level 
along the row of Vertical Support structures; 

lifting the elongated receiver with the hoist; and 
coupling the elongated receiver to the row of vertical Sup 

port structures to install the receiver in the Solar energy 
collector system. 

37. The method of claim34, comprising removing the hoist 
after the receiver has been installed. 

38. A vertical Support structure for use in a solar energy 
collector system, the vertical Support structure comprising: 

at least one post configured to be anchored to the ground; 
a hoist configured to lift an elevated receiver; and 
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at least one mounting member configured to Support the 
receiver in an elevated installed position. 

39. The vertical support structure of claim 38, wherein the 
at least one mounting member comprises a shelf. 

40. The vertical support structure of claim 38, comprising 
two posts, each post configured to be coupled to the ground, 
wherein the posts are angled toward each other and intercon 
nected at or near a peak of the vertical Support structure. 

41. The vertical support structure of claim 38, wherein the 
hoist is mounted to an auxiliary portion of the vertical Support 
structure, and the auxiliary portion is configured to be 
removed after the receiver is installed. 

42. The method of claim 17, wherein elevating the receiver 
body to an installed vertical receiver position comprises: 

anchoring at least one post of a vertical Support structure to 
the ground; 

elevating the receiver body with a hoist coupled to the 
Vertical Support structure; and 

coupling the elevated receiver body to the vertical support 
Structure. 


