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(57) ABSTRACT 
A Solar heat collection apparatus heats a heating medium 
flowing through a heat collecting tube by collecting Sunlight 
in the heat collecting tube using a curved Surface mirror. The 
heat collecting tube includes an inner tube through which the 
heating medium flows, an outer tube provided on an outer 
side of the inner tube, and a bellows, a flange, and a cylinder 
member connecting the inner tube to the outer tube. An 
insulating space is formed between the inner tube and the 
outer tube, and an exhaust hole that communicates with the 
insulating space is formed in the flange. The exhaust hole is 
sealed by a sealing member welded to the flange. As a result, 
damage to the outer tube can be prevented, and heat col 
lecting tubes can be more easily connected to each other in 
the lengthwise direction. 
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SOLAR HEAT COLLECTION APPARATUS 

TECHNICAL FIELD 

0001. This invention relates to a solar heat collection 
apparatus, and more particularly to a trough type solar heat 
collection apparatus. 

BACKGROUND ART 

0002. In a known trough type solar heat collection appa 
ratus, as disclosed in PTL 1, Sunlight is collected in a heat 
collecting tube using heat collecting means having a para 
bolic Surface, and as a result, a heating medium flowing 
through the heat collecting tube is heated. The heat collect 
ing tube used in this Solar heat collection apparatus has a 
duplex tube structure formed of a glass outer tube and a 
metal inner tube so that sunlight is efficiently converted into 
heat, enabling a reduction in heat loss. Further, an enclosed 
space set in a vacuum condition is provided between the 
outer tube and the inner tube. 
0003) To set the enclosed space between the outer tube 
and the inner tube in a vacuum condition, an exhaust hole is 
provided in the outer tube, and after air has been discharged 
through the exhaust hole, the glass tube is heated and sealed. 
However, a sealing mark remains in the form of a projecting 
bump in the location where the exhaust hole was sealed. 
When a projecting bump remains on the Surface of the glass 
outer tube in this manner, the projecting part of the sealing 
mark may be struck while installing the Solar heat collection 
apparatus or handling the heat collecting tube during main 
tenance, and as a result, the outer tube may be damaged. 
Furthermore, when the heat collecting tube is packed into a 
box made of a hard material, such as a wooden box, the 
projecting bump part may strike a wall of the box or an 
adjacent heat collecting tube such that the outer tube is 
damaged. Therefore, when the heat collecting tube is packed 
into a box or the like, packing must be performed while 
taking into consideration orientations and positions of indi 
vidual heat collecting tubes, making the packing operation 
laborious. 
0004. Here, PTL 2 describes attaching an exhaust tip tube 

to a metal support tube that is provided between the inner 
tube and the outer tube in order to support the inner tube 
relative to the outer tube, discharging air by connecting a 
vacuum pump to the exhaust tip tube, and then sealing the 
exhaust tip tube. 

CITATION LIST 

Patent Literature 

0005 PTL 1: US Patent Specification No. 6705311 
0006 PTL 2: Japanese Patent Application Publication 
No. S59-77252 

SUMMARY OF INVENTION 

Technical Problem 

0007. However, the exhaust tip tube that is attached to the 
support tube provided between the inner tube and the outer 
tube is sealed at an end portion of the heat collecting tube 
while projecting in an identical direction to an extension 
direction of the heat collecting tube. Here, as shown in FIG. 
3B of PTL 1, a plurality of heat collecting tubes are 
connected in Succession at respective end portions thereof so 
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as to extend in a lengthwise direction. Therefore, if the 
exhaust tip tube projects when the end portions of respective 
heat collecting tubes are connected to each other, a space for 
the exhaust tip tube must be secured in the lengthwise 
direction, leading to a corresponding reduction in an effec 
tive length by which the end portions can be connected to 
each other, and as a result, the heat collecting tubes cannot 
be connected easily. 
0008. This invention has been designed to solve the 
problems described above, and an object thereof is to 
provide a Solar heat collection apparatus with which damage 
to an outer tube can be prevented and heat collecting tubes 
can be easily connected to each other in a lengthwise 
direction. 

Solution to the Problem 

0009. To solve the problems described above, a solar heat 
collection apparatus according to this invention heats a 
heating medium flowing through a heat collecting tube by 
collecting Sunlight in the heat collecting tube using light 
collecting means, wherein the heat collecting tube includes 
an inner tube through which the heating medium flows, an 
outer tube provided on an outer side of the inner tube, and 
a connecting member connecting the inner tube to the outer 
tube, an insulating space is formed between the inner tube 
and the outer tube, an exhaust hole that communicates with 
the insulating space is formed in the connecting member, 
and the exhaust hole is sealed by a sealing member welded 
to the connecting member. 
0010 Further, the connecting member of the solar heat 
collection apparatus according to this invention may include 
a flange connected to the inner tube and a stress relaxing 
member provided between the flange and the outer tube, and 
the exhaust hole may be formed in the flange. 
0011 Furthermore, the sealing member may be welded to 
the connecting member by friction welding. 

Advantageous Effects of the Invention 
0012. With the solar heat collection apparatus according 
to this invention, damage to the outer tube can be prevented, 
and heat collecting tubes can be easily connected to each 
other in the lengthwise direction. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0013 FIG. 1 is a sectional view taken in a direction 
perpendicular to a lengthwise direction of a heat collecting 
tube provided in a Solar heat collection apparatus according 
to a first embodiment of this invention. 
0014 FIG. 2 is a sectional view taken in a direction 
parallel to the lengthwise direction of the heat collecting 
tube used in the Solar heat collection apparatus shown in 
FIG 1. 
0015 FIG. 3 is an enlarged sectional view showing the 
vicinity of a connecting member formed with an exhaust 
hole in the heat collecting tube used in the solar heat 
collection apparatus shown in FIG. 1. 
0016 FIG. 4A is a view showing a process for bringing 
a sealing member into contact with the exhaust hole, which 
is performed during a process for sealing the exhaust hole 
with the sealing member in the Solar heat collection appa 
ratus shown in FIG. 1. 
0017 FIG. 4B is a view showing a process for pushing 
the sealing member into the exhaust hole using a rotating 
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rod, which is performed during the process for sealing the 
exhaust hole with the sealing member in the solar heat 
collection apparatus shown in FIG. 1. 
0018 FIG. 4C is a view showing a state in which the 
exhaust hole is sealed by the sealing member following the 
processes shown in FIGS. 4A and 4B in the solar heat 
collection apparatus shown in FIG. 1. 
0019 FIG. 5 is an enlarged sectional view showing the 
vicinity of a connecting member formed with an exhaust 
hole in a heat collecting tube used in a solar heat collection 
apparatus according to a second embodiment of this inven 
tion. 
0020 FIG. 6A is a view showing a modified example of 
the shape of the sealing member used in the Solar heat 
collection apparatus according to the first or second embodi 
ment of this invention. 
0021 FIG. 6B is a view showing a modified example of 
the shape of the sealing member used in the Solar heat 
collection apparatus according to the first or second embodi 
ment of this invention. 
0022 FIG. 6C is a view showing a modified example of 
the shape of the sealing member used in the Solar heat 
collection apparatus according to the first or second embodi 
ment of this invention. 
0023 FIG. 6D is a view showing a modified example of 
the shape of the sealing member used in the Solar heat 
collection apparatus according to the first or second embodi 
ment of this invention. 
0024 FIG. 7A is a view showing a modified example of 
the shape of a flange provided in the vicinity of the exhaust 
hole in the Solar heat collection apparatus according to the 
first or second embodiment of this invention. 
0025 FIG. 7B is a view showing a modified example of 
the shape of the flange provided in the vicinity of the exhaust 
hole in the Solar heat collection apparatus according to the 
first or second embodiment of this invention. 

DESCRIPTION OF EMBODIMENTS 

0026. Embodiments of this invention will be described 
below on the basis of the attached drawings. 

First Embodiment 

0027. As shown in FIGS. 1 and 2, a solar heat collection 
apparatus 100 includes a curved Surface mirror 1 serving as 
light collecting means, and a heat collecting tube 2 disposed 
on an inner side of the curved surface mirror 1. The curved 
surface mirror 1 is formed to have a parabolic surface 
shaped cross-section that extends in a lengthwise direction. 
0028. Further, an inner surface of the curved surface 
mirror 1 is formed as a mirror surface, and the heat collect 
ing tube 2 is Supported in a focal position of the mirror 
Surface so as to extend in the lengthwise direction. As a 
result, Sunlight Lincident on the curved Surface mirror 1 is 
reflected by the inner surface of the curved surface mirror 1 
So as to enter the heat collecting tube 2. 
0029. The heat collecting tube 2 has a duplex tube 
structure formed of a metal inner tube 4 through which a 
heating medium M flows, and a glass outer tube 3 provided 
on an outer side of the inner tube 4. An insulating space 9 
maintained in a vacuum condition is formed between the 
inner tube 4 and the outer tube 3. The length of the inner tube 
4 and the outer tube 3 in the lengthwise direction is approxi 
mately 4 m. An optical selective film 14 is formed on an 
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outer surface of the inner tube 4. The optical selective film 
14 is capable of absorbing visible light rays and near infrared 
rays from the Sunlight L. and reflecting far ultraviolet rays 
emitted from the heating medium M. 
0030 Note that glass such as borosilicate glass is used for 
the outer tube 3. 

0031. Further, there are no particular limitations on the 
material of the inner tube 4, but typically, a heat resistant 
metal Such as an iron-based material (for example, stainless 
steel, heat resistant steel, steel alloy, or carbon Steel) or an 
aluminum-based material may be used. 
0032. Furthermore, the optical selective film. 14 is 
formed from a laminated body having a metal layer, a cermet 
layer, and a dielectric layer, for example. 
0033. Flanges 8a, 8b forming a pair of substantially 
disc-shaped members, each having an opening in a central 
part thereof, are attached to respective ends of the inner tube 
4, and the flanges 8a, 8b are disposed so as to Sandwich the 
outer tube 3 from either side on an outer periphery of the 
inner tube 4. Note that the flanges are members that are 
attached perpendicularly to the outer periphery of the inner 
tube 4. Inner sides of the flanges 8a, 8b, or in other words 
parts thereof close to the inner tube 4, are shaped as 
Substantially annular recesses recessed toward the interior of 
the insulating space 9. Of the substantially annular recessed 
part formed on the inner side of the flange 8a, a substantially 
cylindrical part by which the flange 8a is attached fixedly to 
the inner tube 4 serves as an attachment portion 8a1. Note 
that the optical selective film 14 is disposed only in the 
insulating space 9, and therefore the attachment portion 8a1 
is attached directly to the inner tube 4. Further, a substan 
tially annular flat part on an outer side of the flange 8a serves 
as a flat portion 8a2. An end portion of the attachment 
portion 8a1 is positioned so as to be flush with the flat 
portion 8a2 of the flange 8a in the lengthwise direction. 
Furthermore, an exhaust hole 18 that communicates with the 
insulating space 9 is formed in the flat portion 8a2 of the 
flange 8a, and the exhaust hole 18 is sealed by a metal 
sealing member 20. Moreover, one end of a substantially 
cylindrical bellows 7 that includes a bellows-shaped part is 
connected to the flat portion 8a2 of each flange 8a, 8b. One 
end of a substantially cylindrical cylinder member 15 is 
connected to the other end of each of the pair of bellows 7. 
Other ends of the pair of cylinder members 15 are connected 
to the respective ends of the outer tube 3. Here, as shown in 
FIG. 3, an end portion 15a of the cylinder member 15 on the 
side connected to the outer tube 3 is formed as a sharp edge, 
and the end portion 15a formed as a sharp edge is fixed by 
being inserted into the outer tube 3. Thus, the flanges 8a, 8b, 
the bellows 7, and the cylinder member 15 connect the inner 
tube 4 to the outer tube 3. 

0034. Here, the flanges 8a, 8b, the bellows 7, and the 
cylinder members 15 together constitute a connecting mem 
ber. 

0035. Further, the bellows 7 provided between the flanges 
8a, 8b and the outer tube 3 constitute stress relaxing mem 
bers. When the inner tube 4 undergoes thermal expansion so 
as to expand in the lengthwise direction, the bellows 7 also 
expands in the lengthwise direction, thereby absorbing a 
difference between respective coefficients of thermal expan 
sion of the outer tube 3 and the inner tube 4. 

0036. A heat resistant metal such as an iron-based mate 
rial (for example, stainless steel, heat resistant steel, Steel 
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alloy, or carbon steel) or an aluminum-based material, for 
example, may be used as the material of the flanges 8a, 8b 
and the bellows 7. 

0037. Further, Kovar metal, which has a linear expansion 
coefficient similar to the glass of the outer tube 3, is used for 
the cylinder members 15. 
0038 FIG. 4 shows a process for sealing the exhaust hole 
18. 

0039 First, air in the insulating space 9 is evacuated 
through the exhaust hole 18 using a vacuum. pump (not 
shown) so that the interior of the insulating space 9 is set in 
a vacuum condition. Next, as shown in FIG. 4A, a metal ball 
having a larger diameter than the exhaust hole 18 is brought 
into contact with the exhaust hole 18 as the sealing member 
20 and temporarily fixed thereto. Next, as shown in FIG. 4B, 
the sealing member 20 is pushed toward the insulating space 
9 side by a rotating rod 30. The sealing member 20 generates 
heat due to friction generated between the sealing member 
20 and the rod 30, and as a result, the sealing member 20 
melts so as to deform. Accordingly as shown in FIG. 4C, a 
portion 20a of the sealing member 20 on the insulating space 
9 side is pushed into the exhaust hole 18, while a remaining 
portion 20b is pressed flat so as to spread over the flange 8a 
and welded at a predetermined thickness. In other words, the 
exhaust hole 18 is sealed by the sealing member 20, which 
is welded to the flange 8a by friction welding. 
0040. In the solar heat collection apparatus 100 according 
to the first embodiment, as described above, the exhaust hole 
18 is formed in the flange 8a and sealed by the sealing 
member 20 instead of an exhaust hole being formed in the 
outer tube 3, and therefore the risk of the glass outer tube 3 
being damaged when a sealing mark of the exhaust hole is 
struck by another object can be eliminated. Further, the 
exhaust hole 18 is sealed by welding the sealing member 20 
directly to the flange 8a on the periphery of the exhaust hole 
18, and therefore the sealing trace of the exhaust hole 18 
does not project in the lengthwise direction. Hence, a 
sufficient effective length can be secured in the lengthwise 
direction to connect end portions of a plurality of the heat 
collecting tubes 2 to each other, and as a result, the heat 
collecting tubes 2 can be easily connected to each other. 
0041 Furthermore, the exhaust hole 18 is sealed by 
friction-welding the sealing member 20 to the flange 8a. 
Here, a current may be passed through the sealing member 
20 so that the exhaust hole 18 is sealed by resistance 
welding. In this case, however, the electrical resistance of 
the sealing member 20 may be uneven, and it may therefore 
be impossible to ensure that the portion 20b of the sealing 
member 20 deforms in a uniform manner. When the exhaust 
hole 18 is sealed by friction welding, on the other hand, the 
sealing member 20 merely needs to be pushed by the 
rotating rod 30, and therefore the portion 20b of the sealing 
member 20 can be deformed in a uniform manner, with the 
result that the exhaust hole 18 can be sealed more reliably. 
0042. The exhaust hole 18 may also be sealed by per 
forming electron beam welding on the sealing member 20. 
In this case, however, sputtering may occur in the sealing 
member 20. When the sealing member 20 is welded to the 
flange 8a by friction welding, on the other hand, Sputtering 
does not occur, and therefore the likelihood of defects being 
formed in the sealed part of the exhaust hole 18 can be 
reduced. 
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0043. Note that in this embodiment, the formation posi 
tion of the exhaust hole 18 is not limited to the flange 8a, and 
the exhaust hole 18 may be formed in the cylinder member 
15 instead. 

Second Embodiment 

0044 FIG. 5 shows a configuration of a heat collecting 
tube 2 of a solar heat collection apparatus 200 according to 
a second embodiment of this invention. Note that numerals 
identical to the reference numerals used in FIGS. 1 to 3 
denote identical or similar constituent components, and 
detailed description of these constituent components has 
been omitted. 
0045. A substantially conical first coupling member 11 is 
attached to an outer periphery of one end portion of the outer 
tube 3. The first coupling member 11 is constituted by a 
Substantially cylindrical attachment portion 11a having a 
Substantially L-shaped cross section, a conical portion 11b 
having a partially cut-away cone shape, and a substantially 
ring-shaped annular portion 11C. The conical portion 11b 
increases in diameter from an end portion of the heat 
collecting tube 2' toward the center thereof. A small diameter 
end of the conical portion 11b is connected integrally to the 
attachment portion 11a, and a large diameter end of the 
conical portion 11b is connected integrally to an inside edge 
portion of the annular portion 11C. Further, one side of the 
Substantially L-shaped cross-section of the attachment por 
tion 11a of the first coupling member 11 extends toward the 
center side of the heat collecting tube 2, and is fixed to the 
outer surface of the inner tube 4. In other words, the first 
coupling member 11 is attached to the outer surface of the 
inner tube 4 by the attachment portion 11a. Furthermore, one 
end of the bellows 7 is connected to the annular portion 11c. 
and a substantially cylindrical second coupling member 16 
is connected to the other end of the bellows 7. The second 
coupling member 16 is constituted by an annular portion 16a 
to which one end of the bellows 7 is connected, and a 
substantially cylindrical cylinder portion 16b connected to 
an outside edge portion of the annular portion 16a. The 
annular portion 16a is perpendicular to the inner tube 4, and 
the attachment portion 11a of the first coupling member 11 
is positioned further toward the center side of the heat 
collecting tube 2 than the annular portion 16a of the second 
coupling member 16 in the lengthwise direction. Further, an 
end portion of the cylinder portion 16b of the second 
coupling member 16 on a side that does not contact the 
annular portion 16a, or in other words an end portion 16c on 
the side that is connected to the outer tube 3, is formed as a 
sharp edge, and the sharp edge is fixed by being inserted into 
the outer tube 3. Thus, the outer tube 3 and the inner tube 4 
are connected to each other via the bellows 7, the first 
coupling member 11, and the second coupling member 16. 
Moreover, an exhaust hole 28 is formed in the cylinder 
portion 16b of the second coupling member 16. The exhaust 
hole 28 is sealed by the sealing member 20, which is welded 
to the cylinder portion 16b by friction welding. 
0046. Here, the bellows 7, the first coupling member 11, 
and the second coupling member 16 together constitute the 
connecting member. The bellows 7 serving as the stress 
relaxing member contracts when the inner tube 4 undergoes 
thermal expansion so as to expand in the lengthwise direc 
tion, thereby absorbing the difference between the respective 
coefficients of thermal expansion of the outer tube 3 and the 
inner tube 4. 
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0047. A heat resistant metal such as an iron-based mate 
rial (for example, stainless steel, heat resistant steel, Steel 
alloy, or carbon steel) or an aluminum-based material, for 
example, may be used as the material of the first coupling 
member 11. Further, Kovar metal, which has a linear expan 
sion coefficient similar to the glass of the outer tube 3, is 
used for the second coupling member 16. 
0048. Note that a connecting member having a similar 
configuration is provided on the opposite side end portion of 
the heat collecting tube 2, but an exhaust hole is not formed 
therein. 
0049. As described above, with the heat collecting tube 2 
of the solar heat collection apparatus 200 according to the 
second embodiment, similarly to the Solar heat collection 
apparatus 100 according to the first embodiment, the exhaust 
hole 28 is formed in the second coupling member 16 serving 
as the connecting member, and therefore the risk of damage 
to the outer tube 3 is reduced. Further, the exhaust hole 28 
is formed in the cylinder portion 16b of the second coupling 
member 16, which is positioned on a side face of the heat 
collecting tube 2, and therefore no sealing trace of the 
exhaust hole remains on the lengthwise direction side of the 
heat collecting tube 2. Hence, a plurality of the heat 
collecting tubes 2" can be easily connected to each other in 
the lengthwise direction. Furthermore, the exhaust hole 28 is 
sealed by welding the sealing member 20 to the second 
coupling member 16 by friction welding, and therefore the 
exhaust hole 28 can be sealed more reliably than with 
resistance welding or electron beam welding. 
0050 Moreover, in the first and second embodiments of 
this invention, the shape of the sealing member is not limited 
to the ball-shaped sealing member 20 shown in FIG. 4A. 
More specifically, a columnar sealing member 21 Such as 
that shown in FIG. 6A may be used instead. Alternatively, a 
sealing member 22 having a shape combining a column and 
a ball, such as that shown in FIG. 6B, may be employed. 
Further, a sealing member 23 having a shape combining a 
Small diameter column with a ball. Such as that shown in 
FIG. 6C, may be employed. Furthermore, a sealing member 
24 having a shape combining a column and a cone, Such as 
that shown in FIG. 6D, may be employed. 
0051 Moreover, in the first and second embodiments of 
this invention, the shape of the connecting member in which 
the exhaust hole 18 or 28 is formed is not limited to the 
shapes shown in FIGS. 3 and 5. More specifically, as shown 
in FIG. 7A, a flange 38a formed with an exhaust hole 48 may 
include a substantially columnar projecting portion, and the 
exhaust hole 48 may be formed in the center of the project 
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ing portion. Alternatively, as shown in FIG. 7B, a flange 58a 
having a projecting shape only in a location where an 
exhaust hole 68 is formed may be used. 

REFERENCE SIGNS 

0052] 1 Curved surface mirror (light collecting means) 
0053 2, 2 Heat collecting tube 
0054 3 Outer tube 
0055 4 Inner tube 
0056 7 Bellows (stress relaxing member, connecting 
member) 
0057 8a, 8b, 38a, 58a Flange (connecting member) 
0058 9 Insulating space 
0059 11 First coupling member (connecting member) 
0060 15 Cylinder member (connecting member) 
0061 16 Second coupling member (connecting member) 
0062 18, 28, 48, 68 Exhaust hole 
0063. 20, 21, 22, 23, 24 Sealing member 
0064 100, 200 Solar heat collection apparatus 
0065 L Sunlight 
0.066 M Heating medium 
1-3. (canceled) 
4. A Solar heat collection apparatus that heats a heating 

medium flowing through a heat collecting tube by collecting 
Sunlight in the heat collecting tube using light collecting 
means, 

characterized in that the heat collecting tube comprises: 
an inner tube through which the heating medium flows: 
an outer tube provided on an outer side of the inner 

tube; and 
a connecting member connecting the inner tube to the 

outer tube, 
an insulating space is formed between the inner tube and 

the outer tube, 
an exhaust hole that communicates with the insulating 

space is formed in the connecting member, and 
the exhaust hole is sealed by a sealing member welded to 

the connecting member. 
5. The Solar heat collection apparatus according to claim 

4, characterized in that the connecting member includes a 
flange connected to the inner tube and a stress relaxing 
member provided between the flange and the outer tube, 
with 

the exhaust hole being formed in the flange. 
6. The Solar heat collection apparatus according to claim 

4, characterized in that the sealing member is welded to the 
connecting member by friction welding. 
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