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Description

Technical Field

[0001] This invention relates to a linear type solar heat
collecting apparatus formed by arranging sunlight reflec-
tion lines in parallel, and, more particularly, to a cross
linear type solar heat collecting apparatus that has a re-
ception line placed so as to perpendicularly intersect the
reflection lines arranged in parallel, and relates to a solar
heat collecting apparatus that uses the cross linear type
solar heat collecting apparatus as a relay.

Background Art

[0002] A so-called linear Fresnel solar heat collecting
apparatus is known as a conventional linear type solar
heat collecting apparatus formed by arranging solar-heat
reflection lines in parallel.
[0003] An example of such a conventional linear type
solar heat collecting apparatus is shown as Conventional
Example 1 in Fig. 11a and Fig. 11b (see Non-patent Doc-
ument 1 and Patent Document 1). In the linear Fresnel
solar heat collecting apparatus of Convention Example
1, a plurality of reflection lines L1, L2, ... are arranged in
parallel on the ground, and reception lines C1, C2, ... are
arranged in parallel with the direction of the reflection
lines at predetermined intervals above the reflection lines
L1, L2, ... in such a way as to extend like bridges across
the reflection lines. In each reflection line L1, L2, ..., many
rectangular mirror plates H, H, ... that serve as a heliostat
are arranged, and, in each reception line C1, C2, ..., re-
ceivers (solar heat collectors) R, R, ... are arranged in
parallel at a predetermined interval therebetween.
[0004] In Fig. 11b, the mirror plates H, H, ... of each
line have their turning angles that are individually con-
trolled so as to turn on a central rotational shaft of each
reflection line L1, L2, ..., and reflect sunlight that has im-
pinged on their specular surfaces, so that light reflected
therefrom is received by a nearby receiver R. Heat of the
reflected light received by the receiver R is converted
into high-temperature water vapor via a heat medium.
Each reflection line L1, L2, ... and the receiver R are dis-
posed in parallel in the south-north direction, and the an-
gle of each reflection line undergoes a rotational adjust-
ment in the east-west direction so that the mirror plates
H, H, ... disposed on each reflection line L1, L2, ... track
the movement of the sun and, as a result, light reflected
therefrom is always collected near the receiver R.
[0005] The solar heat collecting apparatus is used in,
for example, a solar thermal power generation system.
A parabolic trough type solar thermal power generation
system and a central tower type solar thermal power gen-
eration system have already been operated as commer-
cial plants for the solar heat collecting apparatus used in
the solar thermal power generation system. In the para-
bolic trough type solar thermal power generation system,
a gutter-shaped parabolic mirror is used, and a heat me-

dium (for example, oil) flowing through the pipe is heated
while focusing sunlight on a pipe disposed at the focal
position of the mirror, so that electric power is generated
by the resulting thermal energy. In the central tower type
solar thermal power generation system, a plane mirror
provided with a sun tracker is used, and sunlight is col-
lected while focusing sunlight on a solar heat collector of
a tower disposed at its central part, so that electric power
is generated by the resulting heat collected by a heat
medium allowed to flow to the upper part of the tower.
[0006] The parabolic trough type solar thermal power
generation system is comparatively low in cost, but is low
in the temperature of a heated heat medium, and there-
fore, disadvantageously, has difficulty in achieving high
efficiency, whereas the central tower type solar thermal
power generation system is capable of obtaining a high-
temperature heat medium, but needs a highly accurate
light-collecting capability, and therefore, disadvanta-
geously, is high in cost.
[0007] On the other hand, the linear Fresnel solar heat
collecting apparatus is one of the solar heat collecting
apparatuses to which the most attention is paid as a com-
mercial plant for the solar thermal power generation sys-
tem from the fact that the linear Fresnel solar heat col-
lecting apparatus is more insusceptible to the wind, and
has a less rigid, simpler structure, and is higher in land-
use efficiency, and therefore can realize a lower power
generation cost than the parabolic trough type or the cen-
tral tower type solar heat collecting apparatus.
[0008] Although the linear Fresnel solar heat collecting
apparatus is characterized by having a simpler structure
and realizing a lower power generation cost than the par-
abolic trough type or the central tower type power gen-
erator as mentioned above, a problem resides in the fact
that the optical loss of sunlight becomes great for the
following causes, and it is difficult to obtain high light/heat-
collecting efficiency.
[0009] The optical loss of sunlight is caused by, for
example, the fact that a beam of incident light is kicked
on a mirror plate (which is called "cosine loss"), the fact
that a beam of light reflected by a mirror plate is inter-
cepted by another mirror plate (which is called "block-
ing"), or the fact that a beam of light incident on a mirror
plate is intercepted by another mirror plate (which is
called "shadowing").
[0010] Among the causes of the optical loss, the oc-
currence of "cosine loss" and that of "blocking" are shown
in Fig. 12 as an image. "Shadowing" is conspicuously
caused especially when incident sunlight diagonally im-
pinges on a mirror, and therefore "shadowing" is not
shown in Fig. 12.
[0011] Such an optical loss is liable to become great
when the inclination angle of a mirror H with respect to
the ground level is great or when a change in the rotation
angle of a mirror H is great in the angle adjustment of the
mirror H performed in accordance with a sun altitude. In
Fig. 12, for example, when a receiver R of the conven-
tional linear Fresnel solar heat collecting apparatus is
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arranged in the south-north direction, rays of light reflect-
ed from mirror plates H, H, ... are apparently radiated
toward the single receiver R by inclining the mirror plates
H, H, ..., which have been arranged on the reflection line,
in the east-west direction. Therefore, the inclination angle
of a mirror with respect to the ground level becomes
greater in proportion to an increase in distance of the
mirror placed on the reflection line from the receiver R,
and the optical loss caused by "cosine loss" and "block-
ing" is great.
[0012] Moreover, in order to follow the tracks of the
sun from morning to evening, the mirror plate undergoes
a great change in its adjustment angle greater than about
Plus or minus an angle of 45 degrees in the east-west
direction, and therefore the optical loss caused by "cosine
loss" and "blocking" becomes great especially when the
sun altitude is low in the morning and evening, and the
amount of change of light-collection/heat-collection en-
ergy during a day is large. Therefore, the upper limit of
temperature obtained as a result of a low degree of light
convergence falls within 400degrees to 500degrees in
water vapor, and a high temperature of 600degrees or
more cannot be obtained.
[0013] Additionally, even if many mirror plates are ar-
ranged on reflection lines in the east-west direction and
even if a wide mirror installation space is provided, the
above-mentioned optical loss becomes increasingly
greater in mirror plates distant from a receiver, and there-
fore high light collecting efficiency cannot be obtained.
Still additionally, a single receiver has its limitations on
the number of mirror plates that radiate reflected light so
as to be received by this receiver, and therefore, if many
mirror plates are arranged in a wide range, there is a
need to assign one reception line to each group of mirror
plates the number of which is predetermined, and a re-
ceiver R is required to be provided for each reception
line, and the heat of reflected light received by each re-
ceiver R must be gathered and taken out. For these rea-
sons, the limit temperature obtained by the conventional
linear Fresnel solar heat collecting apparatus has been
about 500degrees at the most.
[0014] As a method for reducing the above-mentioned
optical loss, Patent Document 2 proposes a linear Fres-
nel solar heat collecting system in which both the longi-
tudinal direction of each reflection line and the longitudi-
nal direction of a receiver are arranged in parallel in the
east-west direction. This system is described as Conven-
tional Example 2. Briefly speaking, in the system of Con-
ventional Example 2, each mirror plate H, H, ... on each
reflection line L1 (L2, L3, ...) is rotated only in the south-
north direction without being rotated in the east-west di-
rection with respect to the track of the sun so as to guide
reflected light to the receiver, as shown in Fig. 13.
[0015] According to this method, the rotation angle of
a mirror in the south-north direction is a small angle not
exceeding several degrees during a day (morning and
evening), and is a small angle of about Plus or minus an
angle of 15 degrees during a year, and therefore the

above-mentioned optical loss can be greatly reduced.
Therefore, the total amount of heat-collection energy re-
ceived by the receiver R can also be increased by ar-
ranging many mirror plates in the south-north direction
and by increasing an installation space for the mirror
plates.
[0016] However, in the system of Conventional Exam-
ple 2, the angle of the mirror in the east-west direction
cannot be adjusted, and therefore, especially when the
sun altitude is low in the morning and evening, a linear
light-collection range into which light is converged by the
mirror plates greatly deviates from the receiver, and, dis-
advantageously, the heat-collection energy during a day
greatly varies.
[0017] Additionally, in either of Conventional Examples
1 and 2, the conventional linear Fresnel solar heat col-
lecting apparatus has a structure in which the reflection
line and the receiver are arranged in parallel with each
other, and therefore rays of light collected on the receiver
become a linear irradiation range that is substantially uni-
form. Disadvantageously, in this irradiation range, the re-
radiation of heat becomes great when the temperature
rises to a high temperature of about 600degrees, and the
efficiency of the amount of heat absorbed by a heat me-
dium is easily deteriorated.
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Summary of Invention

Technical Problem

[0020] Problems to be solved reside in the fact that in
the conventional so-called linear Fresnel solar heat col-
lecting apparatus, the optical loss caused by "cosine
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loss," "blocking," or "shadowing" on mirror plates is great
in the method of Conventional Example 1, and therefore
the limit of heating temperature is 500degrees, and the
heat-collection energy during a day greatly varies; the
fact that the optical loss becomes increasingly greater in
proportion to an increase in distance from the receiver in
the method of Conventional Example 1 even if many mir-
ror plates are arranged in a wide range, and therefore
there are limitations on light collecting efficiency; and the
fact that, when the temperature rises to a high tempera-
ture of about 600degrees, the re-radiation of heat be-
comes great in the irradiation range on the receiver, and
the efficiency of the amount of heat absorbed by a heat
medium is easily deteriorated in either method of Con-
ventional Examples 1 and 2.
[0021] It is an object of the present invention to solve
the above-mentioned problems of the conventional linear
Fresnel solar heat collecting apparatus and to provide a
cross linear type solar heat collecting apparatus capable
of realizing a heating temperature of 600degrees or more
and capable of reducing a variation in the light-collec-
tion/heat-collection energy with respect to a change in
the sun altitude during a day.

Solution to Problem

[0022] To solve the problems, the cross linear type so-
lar heat collecting apparatus according to the present
invention is characterized by arranging a plurality of re-
flection lines in parallel in the south-north direction, by
setting a single reception line in the east-west direction
so as to perpendicularly intersect the arrangement direc-
tion of the reflection lines, by disposing a heliostat on
each reflection line, and by adjusting the angle of a mirror
surface and then radiating sunlight that has impinged on
each part of the reflection lines toward the reception line.
The most distinguishing feature of the cross linear type
solar heat collecting apparatus is that a plurality of mirror
segments are disposed on each reflection line in a row-
wise direction (i.e., south-north direction) so that angle
adjustment can be performed in the row-wise direction
(south-north direction) and in a column-wise direction
(east-west direction), and sunlight that has impinged on
the mirror segments and that has been reflected there-
from is collected on a receiver disposed on the reception
line. The rotation angles of the mirror segments in a col-
umn-wise i. e. east-west direction on the reflection lines
are adjusted together as a group, whereas rotation an-
gles of the mirror segments in the row-wise i. e. south-
north direction are adjusted individually. The convention-
al linear type solar heat collecting apparatus is structured
by arranging the reflection lines and the reception lines
in parallel with each other, whereas the linear type solar
heat collecting apparatus of the present invention has a
linear type reception line disposed so as to perpendicu-
larly intersect a linear type reflection lines, and hence is
called a "cross linear type solar heat collecting appara-
tus."

Advantageous Effects of Invention

[0023] According to the apparatus of the present in-
vention, the optical loss caused by "cosine loss," "block-
ing," or "shadowing" can be made considerably smaller,
and the reflection line can be made longer in the south-
north direction while controlling the optical loss, and
therefore the total amount of light-collection/heat-collec-
tion energy can be more easily heightened than the con-
ventional linear Fresnel solar heat collecting apparatus
that is disposed in a same-sized area for the degree of
light convergence of sunlight.
[0024] Additionally, the reception line is merely re-
quired to be provided with a single receiver regardless
of the number of reflection lines, and light reflected from
the heliostat disposed in a wide range is converged on
the single receiver, and therefore high-temperature water
vapor or high-temperature air of 600degrees or more can
be generated easily, and a fairly high temperature of
about 800degrees can be obtained at low cost in con-
junction with the central tower type solar heat collecting
system.

Brief Description of Drawings

[0025]

[fig.1]Fig. 1 is a view showing an arrangement ex-
ample of heliostats and a receiver in an embodiment
of the cross linear type solar heat collecting appara-
tus according to the present invention.
[fig.2]Fig. 2 is a view showing an arrangement man-
ner of mirror segments disposed on a reflection line.
[fig.3]Fig. 3 is a view showing a manner in which the
rotation angle of each mirror segment disposed on
the reflection line is adjusted in south-north and east-
west directions.
[fig.4]Fig. 4 is a sectional view showing an example
of the structure of the receiver.
[fig.5a]Fig. 5a is a view showing an example in which
five irradiation ranges F1 to F5 are set within the
range of the overall length of a heat collecting pipe
provided in a receiver disposed on a reception line,
[fig. 5b] Fig. 5b is a view showing a comparison be-
tween temperature distribution T1 of a fluid with re-
spect to the heat collecting pipe and temperature
distribution T2 of a heat medium obtained when re-
flected light is radiated concentratedly to a specific
range of the heat collecting pipe without securing
non-irradiation ranges at both sides of each irradia-
tion range F1 to F5,
[fig.5c]Fig. 5c is a view showing an example in which
irradiation ranges F1 to F5 are disposed concentrat-
edly in a specific range of the heat collecting pipe
without securing non-irradiation ranges at both sides
of each irradiation range F1 to F5.
[fig.6]Fig. 6 is a view showing an example of a solar
heat collecting apparatus of a solar thermal power
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generation system in which a preheating means and
a principal-heating means are combined with each
other.
[fig.7]Fig. 7 is a view showing another arrangement
example of the mirror segments disposed on the re-
flection line.
[fig.8a]Fig. 8a show a difference between the present
invention and the conventional technology, Fig. 8a
being a structural model of the present invention,
[fig.8b]Fig.8b show a difference between the present
invention and the conventional technology, Fig. 8b
being a structural model of Conventional Example 1,
[fig.8c]Fig. 8c show a difference between the present
invention and the conventional technology, Fig. 8c
being a structural model of Conventional Example 2.
[fig.9]Fig. 9 is a view showing light-collection simu-
lation results of Embodiments 2 and 3 of the present
invention and Conventional Examples 1 and 2.
[fig.10]Fig. 10 is a top view of a cross linear type
solar heat collecting apparatus according to Embod-
iment 3 of the present invention.
[fig.11a]Fig. 11a show an example (i.e., Convention-
al Example 1) of the conventional linear Fresnel solar
heat collecting apparatus.
[fig.11b]Fig. 11b show an example (i.e., Convention-
al Example 1) of the conventional linear Fresnel solar
heat collecting apparatus.
[fig.12]Fig. 12 is a view for describing the optical loss
caused by "cosine loss" and "blocking."
[fig.13]Fig. 13 is a view showing another example
(i.e., Conventional Example 2) of the conventional
linear Fresnel solar heat collecting apparatus.

Description of Embodiments

[0026] Embodiments of the present invention will be
hereinafter described with reference to the drawings. In
Fig. 1, the present invention is a cross linear type solar
heat collecting apparatus that has a group of a plurality
of reflection lines L1, L2, ... and one reception line C. The
reflection lines L1, L2, ... are arranged in parallel with
each other in a heat receiving zone Z set in the south-
north direction (S-N) on the earth, and each reflection
line is provided with a heliostat 1. Although this embod-
iment shows an example in which the total number of
reflection lines is eight of from L1 to L8, the number of
reflection lines is not limited to this, and may be set at an
arbitrary number according to the present invention.
[0027] The heliostat 1 of each reflection line L1, L2, ...
radiates reflected light of sunlight that has impinged on
each part of the reflection lines L1, L2, ... toward the re-
ception line C by adjusting the angle of a mirror surface
on each reflection line (i.e., on each column).
[0028] On the other hand, the reception line C is ar-
ranged so as to perpendicularly intersect the reflection
lines L1, L2, ... and so as to occupy a predetermined
position above the center of the reflection line in the east-
west direction (E-W), and is provided with a single re-

ceiver 2. The receiver 2 receives the reflected light of
sunlight radiated from the heliostat 1 of each reflection
line, and collects its heat. If the heliostat is 1 m * 2 m in
size, the installation height of the receiver 2 is roughly 20
m.
[0029] In the present invention, the direction in which
the reflection lines L1, L2, ... extend is the south-north
direction (S-N) on the earth, and the direction of the re-
ception line C is the east-west direction (E-W). With re-
gard to the arrangement direction of the reflection lines
L1, L2, ..., a slight deviation in the arrangement direction
thereof is included within the range of the south-north
direction, of course, when the direction of the reflection
lines L1, L2, ... is adjusted to exactly coincide with the
south-north direction (S-N) on the earth and as long as
the reflected light of sunlight that has impinged on the
heliostat 1 of each reflection line L1, L2, ... can be effec-
tively received by the receiver 2 of the reception line C.
The same applies to the reception line C. A slight devi-
ation in the arrangement direction of the reception line C
is included within the range of the east-west direction as
long as the reflected light of sunlight from the heliostat 1
can be effectively received by the receiver 2.
[0030] Fig. 2 depicts a structure of the heliostat 1 dis-
posed on the reflection line L1 that is shown as a repre-
sentative of the reflection lines. In the present invention,
a plurality of mirror segments 1a, 1b, 1c, ... that are com-
ponents of the heliostat 1 are disposed on the reflection
line L1 in a row-wise direction within a predetermined
range on the ground. Likewise, in each reflection line L2,
L3, ..., a plurality of mirror segments 1a, 1b, 1c, ... are
arranged in the row-wise direction, and, as a result, the
mirror segments 1a, 1b, 1c, ... arranged in the row-wise
direction are disposed in the heat receiving zone Z.
[0031] The mirror segments 1a, 1b, 1c, ... of the same
line are attached to a main rotational shaft X in common
along the row-wise direction (south-north direction) as
shown in Fig. 3, and the main rotational shaft X is con-
trollably rotated in a column-wise direction (east-west di-
rection) by a column-wise-direction driver 3, and the mir-
ror segments 1a, 1b, 1c, ... of each reflection line (i.e., of
each column) undergo an adjustment to a rotational an-
gle on the rotational shaft X.
[0032] On the other hand, the mirror segments 1a, 1b,
1c, ... of each row are individually controlled and rotated
by row-wise-direction drivers 4a, 4b, 4c, ... attached to
individual shafts Y1, Y2, Y3, ..., respectively, in a direc-
tion (east-west direction) perpendicular to the reception
line C, and individually undergo an adjustment to a rota-
tional angle on each individual shaft Y1, Y2, Y3, ... in the
row-wise direction (south-north direction). The same ap-
plies to the heliostat 1 (mirror segments 1a, 1b, 1c, ...)
disposed on each of the other reflection lines L2, L3, ...
although a description has been hereinbefore given of a
manner to adjust the rotation angle of the heliostat 1 dis-
posed on the reflection line L1 shown as a representative
of the reflection lines.
[0033] The mirror segments 1a, 1b, 1c, ... of each re-
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flection line are each set to have a typical module, such
as 1 m in length in the direction (south-north direction)
of the reflection line and 2 m in length in the lateral direc-
tion (east-west direction). As an example, Fig. 1 shows
a structure in which five mirror segments 1a, 1b, 1c, 1d,
and 1e arranged in series are set as one unit as shown
in Fig. 2, and two units arranged in series are provided
on each reflection line L1, L2, ... with a position between
one unit and one unit as the center position of each col-
umn (i.e., each reflection line). However, the number of
mirror segments is not limited to five mirror segments of
which one unit is composed, and the number of units
arranged on each reflection line is not limited to two units.
[0034] Additionally, in the present invention, the length
of the reflection line on a northern side and that of the
reflection line on a southern side are not necessarily re-
quired to be symmetrical with respect to the reception
line extending in the east-west direction as a boundary
line between the northern side and the southern side.
For example, if the cross linear type solar heat collecting
apparatus of the present invention is provided in the
Northern Hemisphere, the length of the reflection line is
set to be longer on the northern side than on the southern
side, and the mirror installation space on the northern
side is set to be wider than on the southern side, and, as
a result, light collecting efficiency and heat collecting ef-
ficiency are heightened, because the track of the sun
runs on the southern side with respect to the reception
line. On the other hand, if the cross linear type solar heat
collecting apparatus of the present invention is provided
in the Southern Hemisphere, light collecting efficiency
and heat collecting efficiency are heightened by making
the length of the reflection line on the southern side longer
than on the northern side.
[0035] In the above-mentioned reflection lines, a land
possession area in which the reflection lines are disposed
can be set to be longer in the row-wise direction (south-
north direction) than in the column-wise direction (east-
west direction). A light-collection optical system that has
smaller optical loss than the conventional linear Fresnel
solar heat collecting apparatus can be provided by dis-
posing a receiver in the east-west direction, by irradiating
a reception line while performing the angle adjustment
of mirror segments, and by extending the reflection lines
in the row-wise direction (south-north direction). There-
fore, high heat-collection energy that has smaller loss
can be obtained by forming mirror segments extended
in the south-north direction. Additionally, the receiver in
the east-west direction can be made shorter than that of
the conventional linear Fresnel solar heat collecting ap-
paratus, and therefore it is possible to reduce heat loss
caused by re-radiation of absorbed heat.
[0036] Fig. 4 shows an embodiment of the receiver 2.
In this embodiment, the single receiver 2 has a plurality
of heat collecting pipes 6, 6, ... (for example, stainless
pipes) the inside of each of which is filled with a heat
medium (for example, air or steam) and that are arranged
in parallel. The receiver 2 is disposed above all reflection

lines (L1 to L8 in this embodiment) having heliostats in
such a way as to extend like a bridge across the reflection
lines, and one end of the receiver 2 is connected to a
heat supply source 5 shown in Fig. 1. The heat collecting
pipe 6 receives light reflected from the heliostat 1, there-
after collects the heat medium heated by reflected heat,
and supplies this to the heat supply source 5.
[0037] In this embodiment, a space above the several
heat collecting pipes 6 is covered with a heat-insulating
outer wall 7, and a heat-absorbing net 8 that has a cavity
window function is placed directly under a row of the heat
collecting pipes 6. The heat-insulating outer wall 7 is a
cross-sectionally circular-arc cover, and contains a group
of the heat collecting pipes 6, 6, ... arranged in parallel.
The lower surface of the heat-insulating outer wall 7 is
stopped with the heat-absorbing net 8. Convective heat
loss caused by an ascending current in the heat-insulat-
ing outer wall 7 can be considerably restrained by pro-
jecting both edges of the heat-insulating outer wall 7
downwardly from the edges of the heat-absorbing net 8.
[0038] The heat-absorbing net 8 is a stainless mesh
that has a parallel-crosses structure having a predeter-
mined thickness, a honeycomb structure, or the like, and
is structured to allow light reflected from a heliostat to
pass through a mesh wall toward the inside. However,
its radiation light cannot easily come out from inside the
mesh wall.
[0039] In the present invention, it is preferable to divide
the heat collecting pipe 6 that is a component of the re-
ceiver 2 into irradiation ranges and non-irradiation ranges
so as to alternately appear with a predetermined interval
between the irradiation range and the non-irradiation
range over the overall length of the heat collecting pipe
6, and it is preferable to increase the heat-transfer effi-
ciency to a fluid contained in the heat collecting pipe by
irradiating only each irradiation range with light reflected
from the mirror segments 1a, 1b, ... of each reflection
line. Fig. 5a shows an example in which five irradiation
ranges F1 to F5 are provided within the range of the over-
all length of the heat collecting pipe 6 (length P1) having
the receiver 2 on the reception line C.
[0040] A non-irradiation range d is secured within the
extent of a predetermined length between adjoining rang-
es of the irradiation ranges F1 to F5, and the irradiation
ranges F1 to F5 are substantially evenly separated and
disposed over the substantially overall length of the
length P1 of the heat collecting pipe 6. With regard to the
irradiation ranges F1 to F5, reflected light with which the
mirror segments 1a, 1a, ... of each reflection line has
been irradiated is radiated to the heat collecting pipe 6,
and a heat medium contained in the heat collecting pipe
6 is heated. If the irradiation range F1 is defined as a
starting end and if the irradiation range F5 is defined as
a terminal end, the heat medium heated by the irradiation
ranges F1 to F5 is heated by heat stored in each non-
irradiation range d also when the heat medium passes
through the non-irradiation ranges d, and is sent toward
the heat supply source 5 shown in Fig. 1 from the irradi-
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ation range F5 that is a terminal end. When the non-
irradiation range d is insulated from heat, heat radiation
from this range to the outside is restrained, and therefore
the heat medium contained in the heat collecting pipe 6
can be heated to an even higher temperature and be sent
toward the heat supply source.
[0041] Fig. 5b is a graph showing temperature distri-
bution T1 of a heat medium with respect to the heat col-
lecting pipe (length P1). For comparison, Fig. 5c shows
temperature distribution T2 of a heat medium obtained
when a specific range of the heat collecting pipe is con-
centratedly irradiated with reflected light without securing
non-irradiation ranges at both sides of each irradiation
range F1 to F5. As is apparent from comparison between
both the temperature distributions, the temperature dis-
tribution of the heat medium contained in the heat col-
lecting pipe 6 at a position beyond the irradiation range
F5 is T1>T2.
[0042] According to the present invention, when the
irradiation ranges F1 to F5 are heated by securing non-
irradiation ranges d at both ends of each of the irradiation
ranges F1 to F5, heat is transferred from the irradiation
ranges F1 to F5 of the heat collecting pipe 6 to the non-
irradiation ranges d secured at both ends of each of the
irradiation ranges, and a heat transfer from the non-irra-
diation range 2d to the heat medium occurs in addition
to a heat transfer from the irradiation ranges directly to
the heat medium contained in the heat collecting pipe,
and the time of contact of the heat medium with the heat
collecting pipe 6 heated to a high temperature is in-
creased. As a result, the amount of heat transferred from
the heat collecting pipe to the heat medium contained
therein is increased, and a high-temperature fluid can be
sent to the heat supply source 5. The length of each of
the irradiation ranges F1 to F5 and the length of the non-
irradiation range d between adjoining irradiation ranges
of the irradiation ranges F1 to F5 are not limited to specific
lengths, respectively, and the lengths of the irradiation
ranges F1 to F5 can be freely set to be equal or unequal
to each other within the range of the overall length of the
heat collecting pipe 6 (length P1).
[0043] In Fig. 1, the mirror segments 1a, 1b, ... dis-
posed on each of the reflection lines L1, L2, L3, ... un-
dergo the control of the rotation angle of mirror segments
of each column in the east-west direction as a group of
the mirror segments, whereas the mirror segments 1a,
1b, ... disposed thereon undergo the control of the rota-
tion angle of each segment in the south-north direction
individually. The rotational angles of the mirror segments
are adjusted in the south-north direction and in the east-
west direction, and light directly from the sun is received
by the mirror segments, and then reflected light is radi-
ated toward the receiver 2 disposed thereabove.
[0044] Light reflected from the mirror segments 1a,
1b, ... of each column and of each row passes through
the heat-absorbing net 8 of the receiver 2, then travels
through the inside of a space enclosed by the heat-insu-
lating outer wall 7, and heats a heat medium filling the

inside of the heat collecting pipe 6 by means of the heat
collecting pipe 6. The heat medium is repeatedly heated
to a high temperature during a passage through the heat
collecting pipe 6, and is sent to the heat supply source
5. For example, in the heat supply source 5, high-tem-
perature steam is generated and is used for steam turbine
power generation, or an endothermic chemical reaction
is produced for conversion into chemical energy fuel.
[0045] In the embodiment mentioned above, an exam-
ple has been shown in which an interval between the
mirror segments arranged along the reflection lines L1,
L2, ... is constant regardless of whether the distance to
the receiver 2 is long or short.
[0046] However, the optical loss caused by, for exam-
ple, blocking between a mirror segment and a subse-
quent mirror segment becomes greater in proportion to
an increase in distance from the receiver 2 although the
optical loss caused by blocking between a mirror seg-
ment and a subsequent mirror segment is small near the
receiver 2 on the reception line. In order to prevent the
optical loss caused by, for example, blocking between a
mirror segment and a subsequent mirror segment, it is
preferable to set the interval between adjoining mirror
segments in the column-wise direction to be smaller on
the side closer to the reception line, and is preferable to
set the interval therebetween to be greater in proportion
to an increase in distance from the reception line.
[0047] The blocking of reflected light is caused in pro-
portion to an increase in distance from the reception line
C, and therefore it is preferable to secure a space be-
tween mirror segments by changing forward and back-
ward intervals between mirror segments that are dis-
posed on the north side and on the south side with the
reception line C of the receiver 2 as a boundary line be-
tween the north side and the south side. However, an
interval between every pair of adjoining mirror segments
is not necessarily required to be changed, and, as a coun-
termeasure, it is recommended to make a division into
several zones in order from a position nearest to the re-
ception line C and to change the number of mirror seg-
ments included in each zone.
[0048] As described above, according to the present
invention, a structure is formed in which the receiver 2 is
disposed on the reception line C in the east-west direc-
tion, and sunlight received by the mirror segments 1a,
1b, ... is radiated to the reception line C while performing
the angle adjustment of the mirror segments 1a, 1b, ...
disposed on the reflection line L, and therefore the
amount of adjustment to the angle of a mirror segment
in the south-north direction during the tracking of a solar
orbit is a small angle of several degrees or less during a
day, and is a small angle of several tens of degrees or
less even during a year (the amount of adjustment to the
mirror angle is about 1/2 of 23.4 degrees of the earth
axis), and therefore the optical loss caused by a variation
in the mirror angle is extremely small.
[0049] Additionally, the amount of adjustment to the
angle of a mirror segment in the east-west direction is
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fixed merely by collecting light along the reception line,
and therefore the mirror setting angle with respect to in-
cident sunlight at the culmination is smaller than the con-
ventional one, and the cosine loss is slight. Additionally,
a variation in the optical loss is also slight with respect
to a change in the sun altitude during a day, and therefore
a variation in heat-collection energy during a day can
also be controlled to be small.
[0050] A heat medium that has been preheated can be
heated to an even higher temperature by using the cross
linear type solar heat collecting apparatus of the present
invention as a relay and by combining this apparatus
serving as a relay with a solar heat collecting apparatus
having an excellent heat-collecting capability. Fig. 6
shows an example in which four cross linear type solar
heat collecting apparatuses l0a to 10d according to the
present invention are each used as a relay to a central
tower type solar heat collecting apparatus 11. According
to this combination, the temperature of the heat medium
can be raised to 600degrees by dividing a heat medium
preheated to 300degrees for the four cross linear type
solar heat collecting apparatuses 10a to 10d and by heat-
ing the heat medium divided therefor, and the heat me-
dium heated by the cross linear type solar heat collecting
apparatuses 10a to 10d is further heated by light collec-
tion heat obtained in the central tower type solar heat
collecting apparatus 11. As a final result, the heat medium
having a high temperature of 800degrees was obtained.
[0051] In a method in which the temperature is raised
by collecting light and collecting heat solely by means of
the central tower type solar heat collecting apparatus 11,
the height of the tower exceeds 100 m, and the heliostat
field covers several kilometers in order to realize a plant
having a heat collection capability of, for example, a 100
MW class. Therefore, construction cost also becomes
huge, and it is difficult to perform a low-cost supply of
electric power.
[0052] Therefore, as mentioned above, the cross linear
type solar heat collecting apparatus of the present inven-
tion is used as a preheating means, and is combined with
another type of solar heat collecting apparatus, such as
a central tower type solar heat collecting apparatus, that
serves as a principal-heating means and that is more
suitable for high-temperature light collection than the
above-mentioned cross linear type solar heat collecting
apparatus. The two-stage heating makes it possible to
raise the temperature of a heat medium to a targeted
high temperature. Additionally, it is possible to realize a
high-power solar heat collecting apparatus that is small
in heat-collection energy loss, such as re-radiation of
heat, and that is low in the construction cost and in the
land area, and the thus obtained heat of the high-tem-
perature heat medium can be used as a heat source for
solar thermal power generation or as reaction heat of a
chemical reaction.
[0053] Embodiments of the present invention are
shown below.

Example 1

[0054] As shown in Fig. 7, a reception line C was set
at a position located at a height of 20 m from the center
of a reflection line whose length is 210 m, and a receiver
2 was disposed thereon. Each 105-meter range in front
of and behind the reception line C was divided into D1
zone, D2 zone, and D3 zone, each of which has a length
of 35 m, in order from the position nearest to the reception
line C. The number of mirror segments of each zone was
34 in D1 zone, 30 in D2 zone, and 26 in D3 zone. The
width of the receiver was set at 0.5 m. Sunlight was re-
ceived under these conditions. As a result, the amount
of heat input to the receiver was about 400 kW/m2 when
the sunshine intensity was 0.8 kW/m2.
[0055] Seventy lines were arranged, and twenty pipes,
into each of which room-temperature air gas was injected
from one end (inlet) of the receiver at a pressure of ten
atmospheres, were provided in the receiver. The tem-
perature of air at a receiver outlet that passed through
the 70 lines was able to be heated substantially to
700degrees by setting the air flow velocity at about 2.5
m/sec. The light collection energy 400 kW/m2 at a receiv-
er inlet at this time is 5 to 10 times as much as the com-
monly-used linear Fresnel solar heat collecting appara-
tus. The total light collection power of the 70 lines was
25 MW.

Example 2

[0056] A change in the irradiation energy on the receiv-
er during a day was simulated in Embodiment 2. For com-
parison, the same simulation was performed in Conven-
tional Examples 1 and 2. To perform this simulation, the
structural model of the solar heat collecting apparatus of
the present invention and the structural models of the
solar heat collecting apparatuses of Conventional Exam-
ples 1 and 2 were set under the following same condi-
tions. The structural model of the present invention and
the structural models of Conventional Examples 1 and 2
are shown in Fig. 8a to Fig. 8c. Fig. 8a is a view showing
the structural model of the present invention, Fig. 8b is
a view showing the structural model of Conventional Ex-
ample 1, and Fig. 8c is a view showing the structural
model of Conventional Example 2.
[0057] With regard to the solar heat collecting appara-
tus of each model, the simulation performance date, the
simulation performance place, and the simulation setting
conditions are as follows.

- Date: Vernal Equinox Day (2011/3/21)
- Place: Spain Armenian district (Latitude: an angle of

36.84 degrees north/ Longitude: an angle of 2.47
degrees west)

- Total area of mirror segments: 64 m2

- Receiver length: 11m
- Receiver height: 5 m from the ground surface
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[0058] Fig. 9 shows a simulation result obtained by a
comparison between Embodiment 2 and Conventional
Examples 1 and 2 with respect to a change in irradiation
energy on the receiver during a day.
[0059] The result obtained thereby is that, when the
solar orbit is tracked by use of the solar heat collecting
apparatus of the present invention structured to dispose
a receiver in the east-west direction and structured to
irradiate a reception line while performing the angle ad-
justment of a mirror segment, the amount of adjustment
to the angle of the mirror segment in the south-north di-
rection is a smaller angle of several degrees or less dur-
ing a day, and is a smaller angle of several tens of de-
grees or less even during a year (the amount of adjust-
ment to the mirror angle is about 1/2 of 23.4 degrees of
the earth axis) than when the solar heat collecting appa-
ratuses of Conventional Examples 1 and 2 are used, and
therefore the optical loss caused by a variation in the
mirror angle is extremely small. Additionally, the amount
of adjustment to the angle of a mirror segment in the east-
west direction is fixed merely by collecting light along the
reception line, and therefore the mirror setting angle with
respect to incident sunlight at the culmination is smaller
than the conventional one, and the cosine loss is slight.
Additionally, a variation in the optical loss is also slight
with respect to a change in the sun altitude during a day.
[0060] Additionally, according to the solar heat collect-
ing apparatus of the present invention, the irradiation en-
ergy at the culmination (around 12 o’clock) is higher, and
the rise of irradiation energy in the morning and evening
also becomes steeper than the solar heat collecting ap-
paratus of Conventional Example 1, and therefore the
total cumulative irradiation energy during a day becomes
greater than the solar heat collecting apparatus of Con-
ventional Example 2, and it becomes possible to keep
the temperature of a heat medium contained in the heat
collecting pipe of the receiver at about 700degrees for a
long time.

Example 3

[0061] A change in irradiation energy on the receiver
2 during a day was simulated in a case in which, as shown
in Fig. 10, more mirror segments 1a, 1b, ... are disposed
on the northern side than on the southern side (in the
ratio of 1 on the southern side to 7 on the northern side)
asymmetrically about the reception line C that is set in
the east-west direction (E-W) and that is regarded as a
boundary line between the northern side and the south-
ern side, and the range in which the reflection lines L1,
L2, ... are disposed is set so as to be longer in the row-
wise direction (south-north direction) than in the column-
wise direction (east-west direction). The simulation result
is shown as Embodiment 3 in Fig. 9. Mirror segments 1a,
1b, ... are disposed asymmetrically about the line placed
between the southern side and the northern side in ac-
cordance with latitude, and, if the installation place of the
mirror segments 1a, 1b, ... is at the northern latitudes

(Northern Hemisphere), more mirrors are disposed on
the northern side as in Embodiment 3, and, if the instal-
lation place thereof is at the southern latitudes (Southern
Hemisphere), more mirrors are disposed on the southern
side, and, as a result, the cosine loss can be made smaller
with respect to each mirror, and the irradiation energy
can be increased, as is apparent from Fig. 9.
[0062] Additionally, the mirror interval on the northern
side that becomes longer in the south-north direction by
the south-north asymmetrical arrangement makes it pos-
sible to reduce the loss caused by blocking. From a com-
parison between Embodiment 3 and Conventional Ex-
ample 1 (especially, at around the culmination), it is un-
derstood that the irradiation energy is increased, as is
apparent from Fig. 9.
[0063] According to the present invention, light reflect-
ed from mirror segments disposed on each reflection line
extending in the south-north direction is radiated toward
a receiver disposed on a reception line that perpendicu-
larly intersect each reflection line and that is set therea-
bove, and therefore heat can be collected from a vast
range onto the single receiver disposed on the reception
line without limitations on the number of reflection lines,
and the degree of light convergence of sunlight is height-
ened, and it is possible to easily realize the degree of
light convergence of 10 to 30 times that of the conven-
tional linear Fresnel solar heat collecting apparatus.
[0064] Additionally, according to the present invention,
a 100 MW-class solar heat collector can be designed by
setting the height of a reception line of a receiver within
the range of 5 to 30 meters, and water vapor having a
high temperature of 500degrees to 600degrees can be
easily obtained. Additionally, the utilization factor of the
land area is two to three times as high as the central
tower type solar heat collecting apparatus, and a com-
pact power station can be constructed.

Industrial Applicability

[0065] According to the present invention, it is possible
to create fuel production in which the collected solar ther-
mal energy is used for the endothermic reaction of a
chemical reaction, and it is possible to stably supply the
generated electric power. Additionally, for example, the
discharge of carbon dioxide in a methanol production
process can be greatly reduced by applying the present
invention to a technique that synthetically produces
methanol from carbon monoxide, and the present inven-
tion is widely applicable to various technical fields, such
as seawater desalting technology as well as solar thermal
power generation and chemical plants.

Reference Signs List

[0066]

L1, L2, ... Reflection line;
C Reception line;
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Z Heat receiving zone;
1 Heliostat;
1a, 1b, 1c, ... Mirror segment;
2 Receiver;
3 Column-wise-direction driver;
4a, 4b, ... Row-wise-direction driver;
5 Heat supply source;
6 Heat collecting pipe;
7 Heat-insulating outer wall;
8 Heat-absorbing net

Claims

1. A cross linear type solar heat collecting apparatus
comprising a plurality of reflection lines (L1,L2...) and
one reception line (c);
the plurality of reflection lines (L1,L2...) being ar-
ranged in parallel in a row-wise direction i.e. in a
south-north direction on earth; each of the plurality
of reflection lines (L1,L2...) being provided with a
heliostat (1) composed of a plurality of mirror seg-
ments (1a,1b,1c...); the reception line (c) extending
in a column-wise direction i. e. in an east-west direc-
tion that perpendicularly intersects the plurality of re-
flection lines (L1,L2...) and being disposed above
the plurality of reflection lines (L1,L2...); the mirror
segments (1a,1b,1c...) placed on each reflection line
(L1, L2...) are arranged to be aligned in a row-wise
i.e. south-north direction and are capable of under-
going adjustment to a turning angle in the column-
wise direction i.e. in the east-west direction and in
the row-wise direction i.e in the south-north direction,
and rotation angles of the mirror segments
(1a,1b,1c...) in a column-wise i.e. east-west direction
on the reflection lines (L1,L2...) are adjusted together
as a group, whereas rotation angles of the mirror
segments (1a,1b,1c...) in the row-wise direction i.e.
in the south-north direction are adjusted individually,
the reception line (c) being provided with a single
receiver (2); reflected light of sunlight that has im-
pinged on each mirror segment (1a, 1b, 1c... ) of the
heliostat (1) of the reflection line (L1,L2...) being ra-
diated toward the reception line (c) while allowing
the mirror segments (1a,1b,1c...) to undergo angle
adjustment; and the receiver (2) of the reception line
(c) collecting heat of the reflected light of the sunlight
radiated from the heliostat (1).

2. The cross linear type solar heat collecting apparatus
according to claim 1, wherein the receiver (2) of the
reception line (c) has a heat collecting pipe (6) in
which a heat medium is contained, and the heat col-
lecting pipe (6) is divided into an irradiation range
that is irradiated with light reflected from the mirror
segment (1a,1b,1c...) of the reflection line (L1,L2...)
and a non-irradiation range secured at both ends of
the irradiation range, and a non-irradiation range (d)

is secured within the extent of a predetermined
length between adjoining ranges of the irradiation
ranges (F1 to F5), and the irradiation ranges (F1 to
F5) are substantially evenly separated and disposed
over the substantially overall length of the length (PI)
of the heat collecting pipe (6).

3. The cross linear type solar heat collecting apparatus
according to claim 2, wherein the irradiation range
is a range that transfers heat from the irradiation
range to the non-irradiation range by being heated
by reflected light of sunlight and that allows the heat
medium contained in the heat collecting pipe (6) to
make a heat transfer.

4. The cross linear type solar heat collecting apparatus
according to claim 1, wherein the mirror segment
(1a, 1b, 1c...) is set as a typical module in which a
length in a row-wise i.e. south-north direction is twice
as long as a length in a column-wise i.e. east-west
direction, and several mirror segments (1a,1b,1c...)
arranged in series are set as one group, and are
arranged so that one group faces one other group
with respect to a position of the reception line (c)
placed between the one group and the one other
group on each reflection line (L1,L2...).

5. The cross linear type solar heat collecting apparatus
according to claim 1, wherein an interval between
the mirror segments (1a,1b,1c...) that adjoin each
other in a row-wise , south-north direction is set to
be smaller on a side closer to the reception line (c),
and is set to become greater in proportion to an in-
crease in distance from the reception line (c) so as
to reduce optical loss caused by blocking and by
shadowing between the adjoining mirror segments
(1a,1b,1c...).

6. The cross linear type solar heat collecting apparatus
according to claim 1, wherein, when a linear type
solar heat collecting apparatus is installed in the
Northern Hemisphere, a length of the reflection line
(L1,L2...) is set so that a northern reflection line on
a northern side is longer than a southern reflection
line (L1,L2...) on a southern side with the reception
line (c) extending in the east-west direction as a
boundary line between the northern side and the
southern side, and when the linear type solar heat
collecting apparatus is installed in the Southern
Hemisphere, the length of the reflection line
(L1,L2...) is set so that a southern reflection line on
a southern side is longer than a northern reflection
line (L1,L2...) on a northern side with the reception
line (c) extending in the east-west direction as a
boundary line therebetween.

7. The cross linear type solar heat collecting apparatus
according to claim 1, wherein the single receiver (2)
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has a heat collecting pipe (6) whose inside is filled
with a heat medium, and is disposed above all lines
of the heliostats (1) in such a manner as to extend
like a bridge across the lines, and has its one end
connected to a heat supply source (5); and the heat
collecting pipe (6) receives light reflected from the
heliostat (1), and collects heat of the heat medium
heated to a high temperature.

8. The cross linear type solar heat collecting apparatus
according to claim 1, wherein the single receiver (2)
has several heat collecting pipes (6) arranged in par-
allel; a space above rows of the heat collecting pipes
(6) is covered with a heat-insulating outer wall (7); a
heat-absorbing net (8) that has a cavity window func-
tion is placed directly under the rows of the heat col-
lecting pipes (6); the heat-insulating outer wall (7) is
a cross-sectionally circular-arc cover, and contains
a group of the heat collecting pipes (6) arranged in
parallel; both edges of the heat-insulating outer wall
(7) project downwardly from edges of the heat-ab-
sorbing net (8); the heat-absorbing net (8) is a stain-
less mesh that has a parallel-crosses structure hav-
ing a predetermined thickness or that has a honey-
comb structure; and light reflected from the heliostat
(1) passes through a mesh wall and travels inwardly,
and, however, its radiation light does not easily come
out from inside the mesh wall.

9. A solar heat collecting apparatus formed by combin-
ing a preheating means and a principal-heating
means together, wherein the preheating means is a
means for heating to a first temperature that is lower
than a target temperature by use of the cross linear
type solar heat collecting apparatus
(10a,10b,10c,1Od...) defined in claim 1 as a relay,
whereas the principal-heating means is a means for
raising temperature to a second temperature that is
the target temperature by use of another type of solar
heat collecting apparatus that is more suitable for
high-temperature light collection than the cross lin-
ear type solar heat collecting apparatus (10a, 10b,
10c, 10d...).

Patentansprüche

1. Sonnenwärme-Sammelvorrichtung vom Kreuz-Li-
near-Typ umfassend eine Mehrzahl von Reflexions-
linien (L1, L2 ...) und eine Empfangslinie (c);
wobei die Mehrzahl von Reflexionslinien (L1, L2 ...)
parallel in einer Zeilenrichtung, d. h. in einer Süd-
Nord-Richtung auf der Erde angeordnet ist; wobei
jede der Mehrzahl von Reflexionslinien (L1, L2 ...)
mit einem Heliostaten (1) versehen ist, der aus einer
Mehrzahl von Spiegelsegmenten (1a, 1b, 1c ...) zu-
sammengesetzt ist; wobei sich die Empfangslinie (c)
in einer Spaltenrichtung, d. h. in einer Ost-West-

Richtung erstreckt, welche die Mehrzahl von Refle-
xionslinien (L1, L2 ...) senkrecht schneidet, und
oberhalb der Mehrzahl von Reflexionslinien (L1,
L2 ...) angeordnet ist; wobei die auf jeder Reflexi-
onslinie (L1, L2 ...) positionierten Spiegelsegmente
(1a, 1b, 1c ...) angeordnet sind, einer Einstellung ei-
nes Drehwinkels in der Spaltenrichtung, d. h. in der
Ost-West-Richtung und in der Zeilenrichtung, d. h.
Süd-Nord-Richtung unterzogen zu werden, wobei
Rotationswinkel der Spiegelsegmente (1a, 1b, 1c ...)
in einer Spalten-, d. h. Ost-West-Richtung auf den
Reflexionslinien (L1, L2 ...) zusammen als eine
Gruppe eingestellt sind, wohingegen Rotationswin-
kel der Spiegelsegmente (1a, 1b, 1c ...) in der Zei-
lenrichtung, d. h. in der Süd-Nord-Richtung individu-
ell eingestellt sind,
wobei die Empfangslinie (c) mit einem einzigen Emp-
fänger (2) versehen ist; reflektiertes Sonnenlicht,
das auf jedes Spiegelsegment (1a, 1b, 1c ...) des
Heliostaten (1) der Reflexionslinie (L1, L2 ...) auf-
trifft, zur Empfangslinie (c) abgestrahlt wird, während
die Spiegelsegmente (1a, 1b, 1c ...) einer Winkel-
einstellung unterzogen werden; und der Empfänger
(2) der Empfangslinie (c) Wärme des reflektierten
Lichts des vom Heliostaten (1) abgestrahlten Son-
nenlichts sammelt.

2. Sonnenwärme-Sammelvorrichtung vom Kreuz-Li-
near-Typ nach Anspruch 1, wobei der Empfänger
(2) der Empfangslinie (c) ein Wärmesammeirohr (6)
aufweist, in dem ein Wärmemedium enthalten ist,
und das Wärmesammeirohr (6) in einen Bestrah-
lungsbereich, der mit Licht bestrahlt wird, das von
dem Spiegelsegment (1a, 1b, 1c ...) der Reflexions-
linie (L1, L2 ..,) reflektiert wird, und einen Nicht-Be-
strahlungsbereich unterteilt ist, der an beiden Enden
des Bestrahlungsbereichs gesichert ist, wobei ein
Nicht-Bestrahlungsbereich (d) innerhalb des Aus-
maßes einer vorbestimmten Länge zwischen be-
nachbarten Bereichen der Bestrahlungsbereiche
(F1 bis F5) befestigt ist und die Bestrahlungsberei-
che (F1 bis F5) im Wesentlichen über die im We-
sentlichen gesamte Länge der Länge (PI) des Wär-
mesammelrohres (6) gleichmäßig voneinander ge-
trennt und angeordnet sind.

3. Sonnenwärme-Sammelvorrichtung vom Kreuz-Li-
near-Typ nach Anspruch 2, wobei der Bestrahlungs-
bereich ein Bereich ist, der Wärme von dem Bestrah-
lungsbereich auf den Nicht-Bestrahlungsbereich
überträgt, indem er durch reflektiertes Licht von Son-
nenlicht erwärmt wird, und das dem in dem Wärme-
sammeirohr (6) enthaltene Wärmemedium ermög-
licht, eine Wärmeübertragung durchzuführen.

4. Sonnenwärme-Sammelvorrichtung vom Kreuz-Li-
near-Typ nach Anspruch 1, wobei das Spiegelseg-
ment (1a, 1b, 1c ...) als ein typisches Modul einge-
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stellt ist, bei dem eine Länge in einer Zeilenrichtung,
d. h. Süd-Nord-Richtung, doppelt so lang wie eine
Länge in einer Spalten-, d. h. Ost-West-Richtung ist,
und mehrere in Reihe angeordnete Spiegelsegmen-
te (1a, 1b, 1c ...) als eine Gruppe eingestellt und der-
art angeordnet sind, dass eine Gruppe in Bezug auf
eine Position der Empfangslinie (c), die zwischen
der einen Gruppe und der einen anderen Gruppe
auf jeder Reflexionslinie (L1, L2 ...) positioniert ist,
einer anderen Gruppe gegenüberliegt.

5. Sonnenwärme-Sammelvorrichtung vom Kreuz-Li-
near-Typ nach Anspruch 1, wobei ein Intervall zwi-
schen den in einer Zeilen-Süd-Nord-Richtung anei-
nander grenzenden Spiegelsegmenten (1a, 1b,
1c ...) auf einer Seite, die näher an der Empfangslinie
(c) liegt, kleiner eingestellt ist und derart eingestellt
ist, dass sie proportional zu einer Erhöhung des Ab-
stands von der Empfangslinie (c) größer wird, um
einen durch Blockierung und durch Abschattung zwi-
schen den angrenzenden Spiegelsegmenten (1a,
1b, 1c ...).) verursachten optischen Verlust zu ver-
ringern.

6. Sonnenwärme-Sammelvorrichtung vom Kreuz-Li-
near-Typ nach Anspruch 1, wobei, wenn eine lineare
Sonnenwärme-Sammelvorrichtung in der nördli-
chen Hemisphäre installiert ist, eine Länge der Re-
flexionslinie (L1, L2 ...) derart eingestellt ist, dass ei-
ne nördliche Reflexionslinie auf einer Nordseite län-
ger als eine südliche Reflexionslinie (L1, L2 ...) auf
einer Südseite mit der Empfangslinie (c) ist, die sich
in Ost-West-Richtung als Grenzlinie zwischen der
Nordseite und der Südseite erstreckt, und wenn die
lineare Sonnenwärme-Sammelvorrichtung in der
südlichen Hemisphäre installiert ist, die Länge der
Reflexionslinie (L1, L2 ...) derart eingestellt ist, dass
eine südliche Reflexionslinie auf einer Südseite län-
ger als eine nördliche Reflexionslinie (L1, L2 ...) auf
einer Nordseite mit der Empfangslinie (c) ist, die sich
in Ost-West-Richtung als Grenzlinie dazwischen er-
streckt.

7. Sonnenwärme-Sammelvorrichtung vom Kreuz-Li-
near-Typ nach Anspruch 1, wobei der einzelne Emp-
fänger (2) ein Wärmesammeirohr (6) aufweist, des-
sen Innenseite mit einem Wärmemedium gefüllt ist,
und oberhalb aller Linien der Heliostaten (1) ange-
ordnet ist, sodass sie sich wie eine Brücke über die
Linien erstrecken, und deren ein Ende mit einer Wär-
meversorgungsquelle (5) verbunden ist; und das
Wärmesammeirohr (6) Licht empfängt, das vom He-
liostaten (1) reflektiert wird, und Wärme des auf eine
hohe Temperatur erwärmten Wärmemediums sam-
melt.

8. Sonnenwärme-Sammelvorrichtung vom Kreuz-Li-
near-Typ nach Anspruch 1, wobei der einzelne Emp-

fänger (2) mehrere parallel angeordnete Wärme-
sammeirohre (6) aufweist; ein Raum oberhalb Zeilen
der Wärmesammeirohre (6) mit einer wärmeisolie-
renden Außenwand (7) bedeckt ist; ein Wärmeab-
sorptionsnetz (8), das eine Hohlraumfensterfunktion
aufweist, direkt unter den Zeilen der Wärmesammei-
rohre (6) positioniert ist; die wärmeisolierende Au-
ßenwand (7) eine im Querschnitt kreisbogenförmige
Abdeckung ist und eine Gruppe parallel angeordne-
ter Wärmesammelrohre (6) enthält; beide Kanten
der wärmeisolierenden Außenwand (7) von Kanten
des wärmeabsorbierenden Netzes (8) nach unten
hervorstehen; das wärmeabsorbierende Netz (8) ein
rostfreies Geflecht ist, das eine Parallelkreuzstruktur
mit einer vorbestimmten Dicke aufweist oder das ei-
ne Wabenstruktur aufweist; und vom Heliostaten (1)
reflektiertes Licht eine Geflechtwand durchdringt
und sich nach innen bewegt, wobei jedoch ihr Strah-
lungslicht nicht leicht aus der Geflechtwand heraus
gelangt.

9. Sonnenwärme-Sammelvorrichtung, die durch Kom-
binieren eines Vorwärmemittels und eines Haupter-
wärmungsmittels zusammen gebildet wird, wobei
das Vorwärmemittel ein Mittel zum Erwärmen auf
eine erste Temperatur, die niedriger als eine Ziel-
temperatur ist, durch die Verwendung der linearen
Sonnenwärme-Sammelvorrichtung vom Kreuz-Li-
near-Typ (10a, 10b, 10c, 10d ...) ist, die in Anspruch
1 als Relais definiert ist, wohingegen das Haupter-
wärmungsmittel ein Mittel zum Erhöhen der Tempe-
ratur auf eine zweite Temperatur ist, welche die Ziel-
temperatur, durch die Verwendung eines anderen
Typs von Sonnenwärme-Sammelvorrichtung ist, die
für eine Hochtemperatur-Lichtsammlung besser ge-
eignet ist als die Sonnenwärme-Sammelvorrichtung
vom Kreuz-Linear-Typ (10a, 10b, 10c, 10d ...).

Revendications

1. Appareil de collecte de chaleur solaire de type linéai-
re croisé, comprenant une pluralité de lignes de ré-
flexion (L1, L2...) et une ligne de réception (c) ;
la pluralité de lignes de réflexion (L1, L2...) étant
agencées de manière parallèle dans une direction
de rangée, c’est-à-dire dans une direction sud-nord
sur terre ; chacune parmi la pluralité de lignes de
réflexion (L1, L2...) étant munie d’un héliostat (1)
composé d’une pluralité de segments de miroir (1a,
1b, 1c...) ; la ligne de réception (c) s’étendant dans
une direction de colonne, c’est-à-dire dans une di-
rection est-ouest qui coupe de manière perpendicu-
laire la pluralité de lignes de réflexion (L1, L2...) et
étant agencée au-dessus de la pluralité de lignes de
réflexion (L1, L2...) ; les segments de miroir (1a, 1b,
1c...) placés sur chaque ligne de réflexion (L1, L2...)
sont agencés de manière à être alignés dans une

21 22 



EP 2 622 283 B1

13

5

10

15

20

25

30

35

40

45

50

55

direction de rangée, c’est-à-dire une direction sud-
nord, et sont capables de subir un ajustement d’un
angle de giration dans la direction de colonne, c’est-
à-dire dans la direction est-ouest, et dans la direction
de rangée, c’est-à-dire dans la direction sud-nord,
et des angles de rotation des segments de miroir
(1a, 1b, 1c...) dans une direction de colonne, c’est-
à-dire une direction est-ouest, sur les lignes de ré-
flexion (L1, L2...) sont ajustés ensemble sous forme
d’un groupe, tandis que des angles de rotation des
segments de miroir (1a, 1b, 1c...) dans la direction
de rangée, c’est-à-dire dans la direction sud-nord,
sont ajustés de manière individuelle,
la ligne de réception (c) étant munie d’un récepteur
unique (2) ; la lumière réfléchie du soleil qui a frappé
chaque segment de miroir (1a, 1b, 1c...) de l’héliostat
(1) de la ligne de réflexion (L1, L2...) étant rayonnée
en direction de la ligne de réception (c) tout en per-
mettant aux segments de miroir (1a, 1b, 1c...) de
subir un ajustement d’angle ; et le récepteur (2) de
la ligne de réception (c) collectant de la chaleur de
la lumière réfléchie du soleil rayonnée à partir de
l’héliostat (1).

2. Appareil de collecte de chaleur solaire de type linéai-
re croisé selon la revendication 1, dans lequel le ré-
cepteur (2) de la ligne de réception (c) présente une
conduite de collecte de chaleur (6) dans laquelle est
contenu un véhicule thermique, et la conduite de col-
lecte de chaleur (6) est divisée en une plage d’irra-
diation qui est irradiée avec de la lumière réfléchie
par le segment de miroir (1a, 1b, 1c...) de la ligne de
réflexion (L1, L2...) et une plage de non-irradiation
assurée au niveau des deux extrémités de la plage
d’irradiation, et une plage de non-irradiation (d) est
assurée dans la limite d’une longueur prédéterminée
entre des plages adjacentes appartenant aux plages
d’irradiation (F1 à F5), et les plages d’irradiation (F1
à F5) sont séparées de manière essentiellement
égale et sont fournies sur l’essentiel de la totalité de
la longueur (PI) de la conduite de collecte de chaleur
(6).

3. Appareil de collecte de chaleur solaire de type linéai-
re croisé selon la revendication 2, dans lequel la pla-
ge d’irradiation est une plage qui transfère de la cha-
leur en provenance de la plage d’irradiation vers la
plage de non-irradiation grâce au fait qu’elle est
chauffée par de la lumière réfléchie du soleil et qui
permet au véhicule thermique contenu dans la con-
duite de collecte de chaleur (6) de réaliser un trans-
fert de chaleur.

4. Appareil de collecte de chaleur solaire de type linéai-
re croisé selon la revendication 1, dans lequel le seg-
ment de miroir (1a, 1b, 1c...) est défini comme étant
un module typique au sein duquel une longueur dans
une direction de rangée, c’est-à-dire une direction

sud-nord, représente le double d’une longueur dans
une direction de colonne, c’est-à-dire une direction
est-ouest, et plusieurs segments de miroir (1a, 1b,
1c...) agencés en série sont définis comme formant
un groupe, et sont agencés de sorte qu’un groupe
fait face à un autre groupe par rapport à une position
de la ligne de réflexion (c) placée entre ledit groupe
et ledit autre groupe sur chaque ligne de réflexion
(L1, L2...).

5. Appareil de collecte de chaleur solaire de type linéai-
re croisé selon la revendication 1, dans lequel un
intervalle entre les segments de miroir (1a, 1b, 1c...)
qui sont adjacents les uns aux autres dans une di-
rection de rangée, c’est-à-dire une direction sud-
nord, est défini comme diminuant sur un côté qui est
plus proche de la ligne de réception (c), et est défini
comme s’accroissant en proportion d’une augmen-
tation de la distance par rapport à la ligne de récep-
tion (c) de manière à réduire une perte optique pro-
voquée par blocage et par obscurcissement entre
les segments de miroir (1a, 1b, 1c...) adjacents.

6. Appareil de collecte de chaleur solaire de type linéai-
re croisé selon la revendication 1, dans lequel, lors-
qu’un appareil de collecte de chaleur solaire de type
linéaire est installé dans l’hémisphère nord, une lon-
gueur de la ligne de réflexion (L1, L2...) est définie
de sorte qu’une ligne de réflexion septentrionale sur
un côté septentrional est plus longue qu’une ligne
de réflexion méridionale (L1, L2...) sur un côté mé-
ridional avec la ligne de réflexion (c) s’étendant dans
la direction est-ouest sous forme d’une ligne de dé-
limitation entre le côté septentrional et le côté méri-
dional, et, lorsque l’appareil de collecte de chaleur
solaire de type linéaire est installé dans l’hémisphère
sud, la longueur de la ligne de réflexion (L1, L2...)
est définie de sorte qu’une ligne de réflexion méri-
dionale sur un côté méridional est plus longue qu’une
ligne de réflexion septentrionale (L1, L2...) sur un
côté septentrional avec la ligne de réception (c)
s’étendant dans la direction est-ouest sous la forme
d’une ligne de délimitation entre lesdits côtés.

7. Appareil de collecte de chaleur solaire de type linéai-
re croisé selon la revendication 1, dans lequel le ré-
cepteur unique (2) présente une conduite de collecte
de chaleur (6) dont l’intérieur est rempli avec un vé-
hicule thermique, et est fourni au-dessus de toutes
les lignes des héliostats (1) de manière à s’étendre
à la manière d’un pont sur les lignes, et présente
l’une de ses extrémités raccordée à une source d’ali-
mentation de chaleur (5) ; et la conduite de collecte
de chaleur (6) reçoit de la lumière réfléchie à partir
de l’héliostat (1), et collecte de la chaleur du véhicule
thermique chauffé à une température élevée.

8. Appareil de collecte de chaleur solaire de type linéai-
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re croisé selon la revendication 1, dans lequel le ré-
cepteur unique (2) présente plusieurs conduites de
collecte de chaleur (6) agencées en parallèle ; un
espace situé au-dessus de rangées des conduites
de collecte de chaleur (6) est recouvert d’une paroi
extérieure thermiquement isolante (7) ; un filet ther-
miquement absorbant (8) qui présente une fonction
de fenêtre de cavité est placé directement sous les
rangées des conduites de collecte de chaleur (6) ;
la paroi extérieure thermiquement isolante (7) est
une protection dont la section transversale est en
arc de cercle, et contient un groupe de conduites de
collecte de chaleur (6) agencées en parallèle ; les
deux bords de la paroi extérieure thermiquement iso-
lante (7) font saillie vers le bas à partir de bords du
filet thermiquement absorbant (8) ; le filet thermique-
ment absorbant (8) est en maille inoxydable qui pré-
sente une structure croisée parallèle présentant une
épaisseur prédéterminée ou qui présente une struc-
ture en nid d’abeilles ; et la lumière réfléchie à partir
de l’héliostat (1) passe à travers une paroi en maille
et voyage vers l’intérieur, mais sa lumière de rayon-
nement ne ressort cependant pas facilement de la
paroi en maille.

9. Appareil de collecte de chaleur solaire formé grâce
à une étape consistant à combiner ensemble un
moyen de préchauffage et un moyen de chauffage
principal, dans lequel le moyen de préchauffage est
un moyen permettant de chauffer à une première
température qui est inférieure à une température ci-
ble grâce à une utilisation de l’appareil de collecte
de chaleur solaire de type linéaire croisé (10a, 10b,
10c, 10 d...) défini selon la revendication 1 en tant
que relais, tandis que le moyen de chauffage princi-
pal est un moyen permettant d’élever la température
jusqu’à une deuxième température qui est la tempé-
rature cible grâce à une utilisation d’un autre type
d’appareil de collecte de chaleur solaire qui est plus
approprié que l’appareil de collecte de chaleur so-
laire de type linéaire croisé (10a, 10b, 10c, 10d...)
pour une collecte de lumière haute température.
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