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(57) ABSTRACT 

A thermal receiver includes a heat absorption body and a 
support body. The heat absorption body is made of at least one 
honeycomb unit having a plurality of flow paths arranged for 
circulation of a heat medium. The Support body Supports the 
heat absorption body and allows circulation of the heat 
medium. The heat absorption body includes silicon carbide 
and is Supported at a position away from an inner Surface of 
the Support body by a predetermined distance. 
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FIG. 2 

CROSS-SECTIONAL AREA OF 
HEAT INSULATING REGION 

LILILILILILILILIL]§ §§ 
  



Patent Application Publication Aug. 29, 2013 Sheet 3 of 12 US 2013/0220309 A1 

- B 12 12a f THERMAL RECEIVER 
221/1.1% 

YaYaaaaaaaaaaaaaaaaaaaaaaZA, 

13 SS 
aaaaaaaaaaaaaaaaaaaaaaaaa 

. . . . . . . . . . . . . . . . . . . . . . . . 

13b 

Š 
% 
-B 

17 

40 
2 y 26 % 
2 Š 22 22 Š NS 22 22 S N Š 2N-12 2 S PNP Š 22 22 Š DDDDDDDDD N DDDDDDDDD Š 22 
22 Š N Š2 11 22 Š RNR Š o 22 Š DDDDDDD N DDDDDD Š 
2NEHESHERS 
2 Š DDDDDDDDD N DDDDDDDDD Š 
22 Š N Š 2NEEEEEEEEEEEEEEEEEES // 

3NEEEEEEEEEEEEEEEE 3-1 2% Š DDDDDDDDD N EEEEEEEEEN 2% 3NEEEEEEEEEEEEEEEEEEN3 Ma N 22 3S3 2222222222222222222222222222222222222222222222 a/aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa 

B-B LINE CROSS-SECTIONAL VIEW 
/ 

  

    

  

  

  

  

  

  

  

  

  



US 2013/0220309 A1 Aug. 29, 2013 Sheet 4 of 12 Patent Application Publication 

FIG, 4A 
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THERMAL RECEIVER AND SOLAR 
THERMAL POWER GENERATION DEVICE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. The present application is a continuation applica 
tion of International Application No. PCT/JP2011/074520, 
filed Oct. 25, 2011, which claims priority to Japanese Patent 
Application No. 2010-239008, filed Oct. 25, 2010. The con 
tents of these applications are incorporated herein by refer 
ence in their entirety. 

BACKGROUND OF THE INVENTION 

0002 1. Field of the Invention 
0003. The present invention relates to a thermal receiver 
and a solar thermal power generation device. 
0004 2. Discussion of the Background 
0005. As a power generation method using the sun, solar 
thermal power generation is known. In the Solar thermal 
power generation, for example, light radiated from the Sun is 
collected using reflecting mirrors or the like, and a vapor 
turbine is driven using obtained Solar heat, thereby generating 
power. In the Solar thermal power generation, since green 
house effect gases, such as carbon dioxide, are not generated 
during power generation and heat can be stored, power gen 
eration is possible even under cloudy weather conditions or at 
night. Therefore, the Solar thermal power generation has been 
paid attention as a future promising method of power genera 
tion. 
0006. The method of the solar thermal power generation 
can be roughly classified into two types, a trough type and a 
tower type. 
0007. The tower-type solar thermal power generation 
refers to a power generation method in which Solar light is 
concentrated and collected at a thermal receiver present in a 
tower installed at the center portion using a number of plane 
mirrors called heliostats, and power is generated using the 
heat. In the case of the tower-type Solar thermal power gen 
eration, since Solar light collected using several hundred to 
several thousand of several square meter plane mirrors can be 
concentrated at one place, the thermal receiver can be heated 
to approximately 1000° C. Therefore, the tower-type solar 
thermal power generation has a favorable thermal efficiency. 
0008. As the thermal receiver for the tower-type solar ther 
mal power generation, U.S. Pat. No. 6,003,508 discloses a 
receiver in which a heat absorption body, which is made of 
silicon carbide, or silicon and silicon carbide, and has a num 
ber of gas flow paths for the circulation of a heat medium, is 
Supported and fixed by a funnel-shaped support body. 
0009. In the thermal receiver, aheat medium made of air or 
a gas mixture including the air is circulated through the flow 
paths in the heated heat absorption body, whereby the heat 
medium can obtain heat. In the tower-type Solar thermal 
power generation, water is boiled and vaporized using the 
obtained heat, and a vaporturbine is driven, thereby generat 
ing power. 

SUMMARY OF THE INVENTION 

0010. According to one aspect of the present invention, a 
thermal receiver includes a heat absorption body and a Sup 
port body. The heat absorption body is made of at least one 
honeycomb unit having a plurality of flow paths arranged for 
circulation of a heat medium. The Support body Supports the 
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heat absorption body and allows circulation of the heat 
medium. The heat absorption body includes silicon carbide 
and is Supported at a position away from an inner Surface of 
the Support body by a predetermined distance. 
0011. According to another aspect of the present inven 
tion, a solar thermal power generation device includes the 
thermal receiver. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0012. A more complete appreciation of the invention and 
many of the attendant advantages thereof will be readily 
obtained as the same becomes better understood by reference 
to the following detailed description when considered in con 
nection with the accompanying drawings. 
0013 FIG. 1A is a vertical cross-sectional view schemati 
cally illustrating a thermal receiver according to a first 
embodiment of the invention, and FIG.1B is a cross-sectional 
view of the thermal receiver cut along the line A-A illustrated 
in FIG. 1A. 

0014 FIG. 2 is a cross-sectional view schematically illus 
trating cross-sectional area A and cross-sectional area B used 
for computing an area proportion of a heat insulating region. 
0015 FIG. 3A is a vertical cross-sectional view schemati 
cally illustrating a thermal receiver according to a second 
embodiment of the invention, and FIG.3B is a cross-sectional 
view of the thermal receiver cut along the line B-B illustrated 
in FIG. 3A. 

0016 FIG. 4A is a vertical cross-sectional view schemati 
cally illustrating a thermal receiver according to a third 
embodiment of the invention, and FIG. 4B is a cross-sectional 
view of the thermal receiver cut along the line C-C illustrated 
in FIG. 4A. 

0017 FIG. 5A is a front view schematically illustrating a 
receiver array that configures a Solar thermal power genera 
tion device according to a fourth embodiment of the inven 
tion, and FIG. 5B is a cross-sectional view of the receiver 
array cut along the line C-C illustrated in FIG. 5A. 
0018 FIG. 6 is an explanatory view schematically illus 
trating the Solar thermal power generation device according 
to the fourth embodiment of the invention. 

0019 FIG. 7 illustrates graphs of the temperature changes 
of samples in Examples 1 to 3 and Comparative example 1 of 
the invention. 
0020 FIG. 8 is a graph illustrating the relationship 
between the area proportions of the heat insulating regions 
and the peak temperatures of the samples in Examples 1 to 3 
and Comparative example 1 of the invention. 
0021 FIG. 9 illustrates graphs of the temperature changes 
of samples in Examples 4 to 6 and Comparative example 2 of 
the invention. 

0022 FIG. 10 is a graph illustrating the relationship 
between the area proportions of the heat insulating regions 
and the peak temperatures of the samples in Examples 4 to 6 
and Comparative example 2 of the invention. 
0023 FIG. 11 illustrates graphs of the temperature 
changes of samples in Examples 7 to 9 and Comparative 
example 3 of the invention. 
0024 FIG. 12 is a graph illustrating the relationship 
between the area proportions of the heat insulating regions 
and the peak temperatures of the samples in Examples 7 to 9 
and Comparative example 3 of the invention. 
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DESCRIPTION OF THE EMBODIMENTS 

0025 That is, according to an embodiment of the inven 
tion, there is provided a thermal receiver used in a solar 
thermal power generation device, including 
a heat absorption body made of one or multiple honeycomb 
units having multiple flow paths arranged in parallel for cir 
culation of a heat medium, and a Support body which Supports 
the heat absorption body and allows circulation of the heat 
medium, in which the heat absorption body is configured to 
include silicon carbide, and is Supported a predetermined 
distance away from an inner Surface of the Support body. 
0026. In the thermal receiver, since the heat absorption 
body is Supported a predetermined distance away from the 
inner Surface of the Support body, it is possible to use a space 
between the heat absorption body and the support body as a 
heat insulating layer, and to effectively prevent heat from 
scattering from the heat absorption body to the Support body. 
0027. In the thermal receiver, since the heat absorption 
body is configured to include silicon carbide, thermal con 
ductivity is high. In addition, since the heat absorption body is 
excellent in terms of thermal resistance, cracking and the like 
do not occur easily, and obtained heat can be Smoothly trans 
ferred to the heat medium. In addition, since silicon carbide is 
stable even at 1600° C. in the atmosphere, performances of 
the heat absorption body are hard to change even in long-term 
SC. 

0028. In a thermal receiver, a holding material can be 
interposed between the heat absorption body and the support 
body. In such case, and the holding material functions as the 
heat insulating layer. Therefore, it is possible to effectively 
prevent heat from scattering from the heat absorption body to 
the support body, to firmly hold the heat absorption body 
using the holding material, and to stably use the heat absorp 
tion body for a long period of time. 
0029. In a thermal receiver, the heat absorption body can 
be firmly supported and fixed by fixing members provided in 
the Support body. In addition, an air layer can be present 
between the heat absorption body and the support body 
excluding the fixing members. In Such case, the air layer 
functions as the heat insulating layer, and it is possible to 
effectively prevent heat from scattering from the heat absorp 
tion body to the support body. 
0030. In a thermal receiver, an inorganic heat insulating 
member can be interposed between the heat absorption body 
and the Support body. In such case, and the inorganic heat 
insulating member functions as the heat insulating layer. 
Therefore, it is possible to effectively prevent heat from scat 
tering from the heat absorption body to the support body, to 
firmly hold the heat absorption body using the inorganic heat 
insulating member, and to stably use the heat absorption body 
for a long period of time. 
0031. In a thermal receiver, the holding material can be 
made of an alumina-Silica fiber, an alumina fiber or a silica 
fiber. In Such case, the holding material has an excellent heat 
insulating property and thermal resistance. Therefore, the 
holding material is not fused even when the temperature of 
the heat absorption body increases to approximately 1000°C. 
Therefore, the thermal receiver can hold the heat insulating 
property, firmly hold the heat absorption body, and be stably 
used for a long period of time. 
0032. In a thermal receiver, the thermal receiver can be 
made of an alumina-Silica fiber in which a composition ratio 
between alumina and silica (alumina/silica) is 60/40 to 80/20. 
In Such case, the holding material has an excellent heat insu 
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lating property and thermal resistance so that the holding 
material may hold the heat insulating property, and firmly 
hold the heat absorption body without being fused even when 
the temperature of the heat absorption body increases to 
approximately 1000° C. 
0033. In a thermal receiver, when a cross-sectional area of 
a surface parallel to a surface of the heat absorption body, to 
which Solar light is radiated, is indicated by A, and an opening 
area of the Support body including the Surface parallel to the 
surface to which solar light is radiated is indicated by B, an 
area proportion of a heat insulating region, which is repre 
sented by the following formula (1), can be 5% to 50%, 

Area proportion of the heat insulating region (%)=(B- 
A)x100/B (1) 

0034. In such case, a layer having the above proportion 
functions as the heat insulating layer, and thermal diffusion 
from the heat absorption body can be prevented. 
0035. When the area proportion of the heat insulating 
region is less than 5%, since the proportion of the heat insu 
lating region is too small, it is not possible to Sufficiently 
prevent thermal diffusion, and, when the area proportion of 
the heat insulating region exceeds 50%, the heat insulating 
effect barely improves even when the heat insulating region is 
further increased. 

0036. In a thermal receiver, the heat absorption body can 
be made of porous silicon carbide. In such case, the thermal 
conductivity is high, and the obtained heat can be Smoothly 
transferred to the heat medium. 

0037. In a thermal receiver, the heat absorption body can 
include porous silicon carbide and silicon that fills up the 
pores in the porous silicon carbide. In Such case, the heat 
absorption body becomes a dense body. When the heat 
absorption body is a dense body, the heat storing property of 
the heat absorption body increases. In addition, since the 
thermal conductivity of the heat absorption body, which is a 
dense body, is high, the obtained heat can be smoothly trans 
ferred to the heat medium. 

0038. In a thermal receiver, porosity of the porous silicon 
carbide can be 35% to 60%, an average pore diameter can be 
5um to 30 Jum, and the thermal receiver can have open pores. 
In Such case, silicon Smoothly fills up the inside of the pores 
when filling the silicon. 
0039. In a thermal receiver, the heat absorption body can 
be made of dense silica carbide. In Such case, the heat storing 
property of the heat absorption body increases. In addition, 
since the heat absorption body made of dense silicon carbide 
has an extremely high thermal conductivity, the obtained heat 
can be smoothly transferred to the heat medium. 
0040. In athermal receiver, flow paths can beformed in the 
heat absorption body at 31.0 paths/cm to 93.0 paths/cm, and 
a thickness of a wall portion between the flow paths in the heat 
absorption body can be 0.1 mm to 0.5 mm. In such case, the 
flow paths in the heat absorption body facilitates the circula 
tion of the heat medium, whereby heat is efficiently trans 
ferred to the heat medium from the heat absorption body, and, 
consequently, it is possible to generate power at a high effi 
ciency. 
0041. In a solar thermal power generation device accord 
ing to an embodiment of the invention, the above-described 
thermal receiver is used. In Such case, the thermal conductiv 
ity of the heat absorption body is favorable. Furthermore, 
since the thermal receiver has the heat insulating layer and 



US 2013/0220309 A1 

does not allow the scattering of heat, it is possible to effi 
ciently convert radiated solar light into heat, and to efficiently 
generate power. 
0042. The embodiments will now be described with refer 
ence to the accompanying drawings, wherein like reference 
numerals designate corresponding or identical elements 
throughout the various drawings. 

First Embodiment 

0043. Hereinafter, a first embodiment, which is an 
embodiment of the thermal receiver of the invention, will be 
described with reference to the accompanying drawings. 
0044 FIG. 1A is a vertical cross-sectional view schemati 
cally illustrating a thermal receiver according to the first 
embodiment of the invention, and FIG.1B is a cross-sectional 
view of the thermal receiver cut along the line A-A illustrated 
in FIG. 1A. FIG. 1A is a vertical cross-sectional view cut in 
parallel with flow paths in honeycomb units that configure a 
heat absorption body accommodated in the thermal receiver, 
and FIG.1B is a cross-section perpendicular to the flow paths. 
0045. As illustrated in FIGS. 1A and 1B, a thermal 
receiver 10 according to the present embodiment of the inven 
tion is configured to include a heat absorption body 11, to 
which multiple honeycomb units 13 having multiple flow 
paths 13b arranged in parallel for the circulation of a heat 
medium 14 are adhered through a seal material layer 15 that 
functions as an adhesive, and a Support body 12 which accom 
modates and Supports the heat absorption body 11 and allows 
the circulation of the heat medium 14. In addition, a holding 
material 17 made of an inorganic fiber is interposed between 
the heat absorption body 11 and the support body 12, and the 
heat absorption body 11 is supported and fixed by the support 
body 12 through the holding material 17. The heat absorption 
body 11 is made of one honeycomb unit 13. 
0046. The honeycomb unit 13 is made of porous silicon 
carbide having open pores. 
0047. In the thermal receiver 10 according to the embodi 
ment of the invention, the porosity of the porous silicon 
carbide is desirably 35% to 60%. When the porosity of the 
porous silicon carbide is less than 35%, since Some pores are 
liable to become closed pores, and it becomes difficult for the 
heat medium to intrude into the pores, the thermal conduc 
tivity becomes liable to degrade. On the other hand, when the 
porosity of the porous silicon carbide exceeds 60%, the 
strength of the honeycomb unit 13 decreases, and the honey 
comb unit becomes liable to be broken due to the repetition of 
the increase and decrease in the temperature of the honey 
comb unit 13 (thermal history). 
0048 Meanwhile, the porosity is a value measured using a 
mercury intrusion method. 
0049. The average pore diameter of the porous silicon 
carbide is desirably 5 um to 30 um. When the average pore 
diameter of the porous silicon carbide is less than 5um, the 
pores in the porous silicon carbide are liable to become closed 
pores, and it becomes difficult for the heat medium to intrude 
into the pores. Therefore, the thermal conductivity of the 
honeycomb unit 13 becomes liable to decrease. On the other 
hand, when the average pore diameter of the porous silicon 
carbide exceeds 30 Jum, the mechanical strength of the porous 
silicon carbide decreases, and, consequently, the strength of 
the honeycomb unit 13 also decreases. 
0050. In the honeycomb unit 13 according to the embodi 
ment of the invention, when a cross-section perpendicular to 
the flow paths 13b is formed, the number of the flow paths 13b 
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per square centimeter is desirably 31.0 paths/cm to 93.0 
paths/cm. In a case in which the number of the flow paths 13b 
in the honeycomb unit 13 is less than 31.0 paths/cm, since 
the number of the flow paths 13b in the honeycomb unit 13 is 
small, it becomes difficult for the honeycomb unit 13 to 
efficiently exchange heat with the heat medium. On the other 
hand, when the number of the flow paths 13b in the honey 
comb unit 13 exceeds 93.0 paths/cm, since the cross-sec 
tional area of a flow path 13b in the honeycomb unit 13 
becomes small, it becomes difficult for the heat medium to 
circulate. 
0051. In addition, the thickness of a wall portion between 
the flow paths in the honeycomb unit 13 is preferably 0.1 mm 
to 0.5 mm. When the thickness of the wall portion in the 
honeycomb unit 13 is less than 0.1 mm, the mechanical 
strength of the wall portion in the honeycomb unit 13 
decreases, and the honeycomb unit becomes liable to be bro 
ken. On the other hand, when the thickness of the wall portion 
in the honeycomb unit 13 exceeds 0.5 mm, since the wall 
portion in the honeycomb unit 13 becomes too thick, and the 
circulation amount of the heat medium 14 decreases with 
respect to the area of the honeycomb unit 13, the thermal 
efficiency degrades. 
0052. In the honeycomb unit 13 according to the embodi 
ment of the invention, the porous silicon carbide is used, but 
a different porous ceramic can be also used. Examples of the 
other porous ceramics include nitride ceramics, such as alu 
minum nitride, silicon nitride and boron nitride; and carbide 
ceramics, such as silicon carbide, Zirconium carbide and tan 
talum carbide. The above ceramics have a characteristic of 
having a high thermal conductivity. 
0053 Meanwhile, in FIG. 1B, the cross-sectional shape of 
the flow path 13b in the honeycomb unit 13 is rectangular, but 
the cross-sectional shape of the flow path 13b is not particu 
larly limited, and may be hexagonal or the like. In addition, 
the cross-sectional figure of the support body 12 illustrated in 
FIG. 1B is rectangular, but is not particularly limited to be 
rectangular, and may be hexagonal or the like. 
0054. In the embodiment, the heat absorption body 11 is 
manufactured using multiple honeycomb units 13, and the 
honeycomb units 13 are adhered to each other using adhesive 
paste including at least one of inorganic particles, an inor 
ganic fiberand an inorganic binder as an adhesive. Therefore, 
the honeycomb units form the heat absorption body 11 which 
is made up of multiple honeycomb units 13 and adhesive 
layers. The adhesive paste may include an organic binder. 
0055 Examples of the inorganic binder included in the 
adhesive paste include a silica Sol, an alumina Soland the like. 
The inorganic binder may be used solely or in combination of 
two or more kinds. Among the inorganic binders, a silica Sol 
is desirable. 

0056. In addition, the lower limit of the content of the 
inorganic binder is desirably 1 weight%, and more desirably 
5 weight% in terms of solid content. On the other hand, the 
upper limit of the content of the inorganic binder is desirably 
30 weight %, and more desirably 15 weight % in terms of 
solid content. When the content of the inorganic binder is less 
than 1 weight % in terms of solid content, the adhesion 
strength is liable to decrease. On the other hand, when the 
content of the inorganic binder exceeds 30 weight% in terms 
of solid content, the thermal conductivity of the adhesive 
layer is liable to decrease. 
0057 Examples of the organic binder included in the 
adhesive paste include polyvinyl alcohols, methyl cellulose, 
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ethyl cellulose, carboxymethyl cellulose and the like. The 
organic binder may be used solely or in combination of two or 
more kinds. Among the organic binders, carboxymethyl cel 
lulose is desirable. 
0058. The lower limit of the content of the organic binder 

is desirably 0.1 weight%, and more desirably 0.4 weight% in 
terms of solid content. On the other hand, the upper limit of 
the content of the organic binder is desirably 5.0 weight %, 
and more desirably 1.0 weight % in terms of solid content. 
When the content of the organic binder is less than 0.1 weight 
% in terms of solid content, the adhesive layer becomes liable 
to migrate. On the other hand, when the content of the organic 
binder exceeds 5.0 weight % in terms of solid content, the 
adhesive force between the adhesive layer and the honey 
comb unit is liable to decrease. 
0059 Examples of the inorganic fiber included in the 
adhesive paste include ceramic fibers, such as silica-alumina, 
mullite, alumina, and silica; and the like. The inorganic fiber 
may be used solely or in combination of two or more kinds. 
Among the inorganic fibers, an alumina fiber is desirable. 
0060. The lower limit of the content of the inorganic fiber 

is desirably 10 weight%, and more desirably 20 weight%. On 
the other hand, the upper limit of the content of the inorganic 
fiber is desirably 70 weight%, and more desirably 40 weight 
%. When the content of the inorganic fiber is less than 10 
weight%, the elasticity of the adhesive layer becomes liable 
to decrease. On the other hand, when the content of the 
inorganic fiber exceeds 70 weight%, the thermal conductivity 
of the adhesive layer is liable to decrease, and the effect as the 
elastic body becomes liable to degrade. 
0061 Examples of the inorganic particles included in the 
adhesive paste include carbides, nitrides and the like. Specific 
examples include inorganic powder made of silicon carbide, 
silicon nitride or boron nitride, and the like. The inorganic 
particles may be used solely or in combination of two or more 
kinds. Among the inorganic particles, silicon carbide having 
excellent thermal conductivity is desirable. 
0062. The lower limit of the content of the inorganic par 

ticles is desirably 3 weight %, more desirably 10 weight %, 
and still more desirably 20 weight%. On the other hand, the 
upper limit of the content of the inorganic particles is desir 
ably 80 weight%, and more desirably 40 weight%. When the 
content of the inorganic particles is less than 3 weight%, the 
thermal conductivity of the adhesive layer becomes liable to 
decrease. On the other hand, when the content of the inor 
ganic particles exceeds 80 weight%, the adhesion strength is 
liable to decrease in a case in which the adhesive layer is 
exposed to a high temperature. 
0063. The organic binder included in the adhesive layer is 
decomposed and eliminated when the temperature of the 
honeycomb unit 13 increases; however, since the inorganic 
particles and the like are included in the adhesive layer, it is 
possible to maintain a Sufficient adhesive force. 
0064. In the embodiment, the adhesive layer desirably 
includes the inorganic particles, the inorganic fiber and the 
inorganic binder (the Solid content of the inorganic binder). 
Furthermore, the adhesive layer is more desirably formed 
using adhesive paste including the inorganic particles, the 
inorganic fiber, the organic binder and the inorganic binder. 
0065. The support body 12 has a rectangular front cross 
sectional shape as illustrated in FIG. 1B, but has an overall 
shape of a funnel shape. That is, the cross-section of an 
enlarged portion 12a, in which the heat absorption body 11 is 
accommodated and into which the heat medium 14 flows (the 
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cross-section in parallel to the Surface of the heat absorption 
body 11 which receives Solar light), has a large area; however, 
as the cross section is shifted in an exit direction of the heat 
medium 14, the area of the cross-section gradually decreases, 
and the cross-sectional area becomes a Substantially constant 
area at an exit 12b for the heat medium. 
0066. The material of the support body 12 is not particu 
larly limited; however, since the heat absorption body 11 
reaches approximately 1000°C., the material of the support 
body 12 needs to have thermal resistance, and therefore a 
metal or a ceramic is preferable. 
0067 Examples of the metal material include iron, nickel, 
chromium, aluminum, tungsten, molybdenum, titanium, 
lead, copper, Zinc, alloys thereof, and the like. In addition, 
examples of the ceramic include carbide ceramics, such as 
aluminum nitride, silicon nitride, boron nitride and titanium 
nitride; oxide ceramics, such as silica, alumina, mullite and 
zirconia; and the like. Examples of additional materials of the 
Support body 12 include complexes of a metal and a nitride 
ceramic, complexes of a metal and a carbide ceramic, and the 
like. The material of the support body is preferably a ceramic, 
Such as alumina or silicon carbide, in terms of thermal resis 
tance. 

0068. In the thermal receiver 10 according to the embodi 
ment of the invention, the holding material 17 is interposed 
between the heat absorption body 11 and the support body 12. 
0069. The holding material 17 is configured of a mat, 
which is made of an inorganic fiber and has a rectangular 
shape in the planar view, or by laminating multiple mats. 
When the holding material 17 is accommodated in the Sup 
port body 12 in a state in which the holding material 17 is 
wound around the side surfaces of the heat absorption body 
11, it is possible to support and fix the heat absorption body 11 
in the support body 12. Therefore, it is possible to prevent the 
heat stored in the heat absorption body 11 from diffusing. 
0070 Regarding the proportion of the cross-sectional area 
of the heat insulating region, which is made of the holding 
material 17, in the cross-sectional opening area of the Support 
body 12 (hereinafter also referred to as “area proportion of the 
heat insulating region'), when the cross-sectional area of a 
surface parallel to the surface of the heat absorption body 11, 
to which solar light is radiated, is indicated by A, and the 
opening area of the Support body 12 including the Surface 
parallel to the surface to which solar light is radiated is indi 
cated by B, the area proportion of the heat insulating region, 
which is represented by the following formula (1), is desir 
ably 5% to 50%, 

Area proportion of the heat insulating region (%)=(B- 
A)x100/B (1) 

0071 FIG. 2 is a cross-sectional view schematically illus 
trating the cross-sectional area A and the cross-sectional area 
B, which are used for computing the area proportion of the 
heat insulating region. 
0072. In FIG. 2, the cross-sectional view illustrated in 
FIG.1B is used, the outermost outline illustrated in the draw 
ing is the outside outline of the support body 12, and the inside 
portion of the outline B inside the outermost outline indicates 
the opening area B of the support body 12. In addition, the 
outline Ainside the opening area indicates the cross-sectional 
area A of the heat absorption body 11. Therefore, the hatching 
portion illustrates the cross-sectional area of the heat insulat 
ing region (B-A), the area proportion of the heat insulating 
region becomes the percentage of the cross-sectional area of 
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the heat insulating region (B-A) with respect to the opening 
area B of the support body 12, and forms the formula (1). 
0073. When the area proportion of the heat insulating 
region is less than 5%, since the proportion of the heat insu 
lating region of the holding material is too small, it is not 
possible to sufficiently prevent the diffusion of the heat 
medium. On the other hand, when the area proportion of the 
heat insulating region exceeds 50%, the heat insulating effect 
barely improves even when the area proportion is further 
increased. 

0074. It is considered that the above desirable range of the 
area proportion of the heat insulating region can be similarly 
applied to a case in which a different material is used as the 
heat insulating material or a case in which the heat insulating 
area is made up of an air layer and fixing members in addition 
to a case in which the holding material 17 is used as the heat 
insulating material. Meanwhile, the heat absorption body 11 
is desirably disposed so that the intervals between the heat 
absorption body 11 and the support body 12, which are 
present above and below the heat absorption body 11 and on 
the right and left sides of the heat absorption body, become the 
SaC. 

0075. The inorganic fiber that configures the holding 
material 17 is not particularly limited, and may be an alu 
mina-silica fiber. Examples thereof include an alumina fiber, 
a silica fiber, Rockwell, and the like. The inorganic fiber may 
be changed depending on the characteristics and the like 
required for the holding material. Such as thermal resistance 
or wind erosion resistance. In a case in which an alumina 
silica fiber is used as the inorganic fiber, an alumina-Silica 
fiber having a composition ratio between alumina and silica 
of for example, 60:40 to 80:20 is desirably used. 
0076. A needlepunching treatment is desirably carried out 
on the holding material 17. When a needle punching treat 
ment is carried out on the holding material, the constituent 
material. Such as the inorganic fiber, of the mat that configures 
the holding material is not easily separated, and can be made 
into a single well-organized mat shape. In addition, when a 
needle punching treatment is carried out on the holding mate 
rial in the width direction, which is perpendicular to the 
longitudinal direction, fold lines are generated in the width 
direction of the mat that configures the holding material at 
portions on which the needle punching treatment has been 
carried out. Therefore, it becomes easy to wind the holding 
material when the holding material is wound around the heat 
absorption body. 
0077. In addition, as the holding material 17, a material 
obtained by impregnating an organic binder including an 
acryl-based resin and the like in the mat that configures the 
holding material, and compressively drying the mat so as to 
have a thin thickness may be used. When the reflected light of 
solar light is radiated on the heat absorption body 11 after the 
holding material 17 is wound around the heat absorption body 
11, and pushed into the support body 12 so as to fit the heat 
absorption body 11 into the support body 12, the temperature 
of the heat absorption body 11 increases to approximately 
1000° C. Therefore, the organic binder is decomposed and 
eliminated, and the compression state formed by the organic 
binder in the mat which configures the holding material 17 is 
released so that it becomes easy for the heat absorption body 
11 to be firmly supported and fixed by the support body 12. 
0078 Hereinafter, a method for manufacturing the ther 
mal receiver according to the embodiment will be described. 
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0079 First, the porous silicon carbide that configures the 
honeycomb unit is manufactured. 
0080 When manufacturing the porous silicon carbide, 
silicon carbide powder having different average particle 
diameters, which is a raw material, an organic binder, a plas 
ticizer, a lubricant, water and the like are mixed, thereby 
preparing a wet mixture. 
I0081. Subsequently, a molding process, in which the wet 
mixture is injected into an extrusion molding machine, and is 
extrusion-molded, is carried out, thereby manufacturing a 
quadratic prismatic compact of the honeycomb unit having 
multiple flow paths formed in the longitudinal direction. 
I0082 Next, a cutting process, in which both ends of the 
compact of the honeycomb unit are cut using a cutting appa 
ratus, is carried out so as to cut the compact of the honeycomb 
unit into a predetermined length, and the cut compact of the 
honeycomb unit is dried using a drying machine. 
I0083) Next, a defatting process, in which the organic sub 
stances in the compact of the honeycomb unit are heated in a 
defatting furnace, is carried out, the compact is transported to 
a firing furnace, and a firing process is carried out, thereby 
manufacturing the honeycomb unit (porous silicon carbide). 
I0084. When multiple honeycomb units are adhered to 
each other, the adhesive paste is coated on the side Surfaces 
(surfaces on which the flow paths are not formed) of the 
honeycomb units, the honeycomb units are adhered to each 
other, and then dried, thereby forming the adhesive layer. 
When Solar thermal power generation is carried out, since the 
heat absorption body 11 is irradiated with solar light so as to 
reach a temperature of approximately 1000°C., moisture and 
the like in the adhesive layer are vaporized, and the organic 
binder is decomposed and eliminated. However, the inorganic 
fiber and the inorganic particles are joined using the Solid 
content of the inorganic binder included in the adhesive layer, 
which forms a strong adhesive layer. 
I0085. The support body can be manufactured using a 
method which has been thus far used. When manufacturing 
the Support body made of a ceramic, the Support body can be 
manufactured by carrying out the defatting process and the 
firing process after the pressing, injection molding, casting 
and the like of a mixture including ceramic powder, the 
organic binder and the like. 
I0086. When assembling the thermal receiver 10, the hold 
ing material 17 is wound around the heat absorption body 11 
manufactured using the above method, and pushed into the 
support body 12 so as to be fixed, thereby assembling the 
thermal receiver 10. 
0087 Hereinafter, the actions and effects of the thermal 
receiver of the embodiment will be listed. 

I0088 (1) Since the thermal receiver of the embodiment 
has the heat absorption body including the honeycomb units 
made of porous silicon carbide, the thermal conductivity is 
high, and the obtained heat can be smoothly transferred to the 
heat medium, Such as air. In addition, since silicon carbide 
that configures the honeycomb unit is stable in the air even at 
1600° C., the performances are not easily changed even in 
long-term use. 
I0089 (2) In the thermal receiver of the embodiment, the 
holding material is interposed between the heat absorption 
body and the Support body, and the heat absorption body can 
be firmly held using the holding material. In addition, since 
the holding material functions as the heat insulating layer, it is 
possible to effectively prevent heat from scattering from the 
heat absorption body to the support body. 
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0090 (3) In the thermal receiver of the embodiment, the 
heat absorption body is configured of multiple honeycomb 
units adhered through the adhesive layer formed on the side 
surfaces, for which the adhesive paste is used. Therefore, the 
honeycomb units are firmly adhered to each other. In addition, 
since the adhesive layer has thermal resistance, it is possible 
to reliably prevent some of the honeycomb units from drop 
ping, which may be caused by a force exerting in the flowing 
direction of the heat medium which flows through the flow 
paths for the heat medium. 
0091 (4) In the thermal receiver of the embodiment, in the 
heat absorption body made up of the honeycomb units, the 
flow paths are formed at 31.0 paths/cm to 93.0 paths/cm, the 
thickness of the wall portion between the flow paths in the 
honeycomb unit is 0.1 mm to 0.5 mm, the porosity of the 
porous silicon carbide is 35% to 60%, and the average pore 
diameter is 5um to 30 lum. Therefore, it becomes easy for the 
silicon to fill up the pores in the porous silicon carbide. The 
heat medium flows through the flow paths in the honeycomb 
unit, and therefore heat is efficiently transferred from the 
dense heat absorption body to the heat medium. As a result, in 
the solar thermal power generation device, in which the ther 
mal receiver is used, power can be generated at a high effi 
ciency. 

EXAMPLES 

0092. Hereinafter, examples, in which the first embodi 
ment of the invention is disclosed more specifically, will be 
described, but the invention is not limited to the examples. 

Example 1 

0093 (Process for Manufacturing a Fired Compact of the 
Honeycomb Unit) 
0094 Coarse powder of silicon carbide having an average 
particle diameter of 22 um (52.8 weight%) and fine powder of 
silicon carbide having an average particle diameter of 0.5um 
(22.6 weight%) were mixed, an acryl resin (2.1 weight%), an 
organic binder (methyl cellulose, 4.6 weight%), a lubricant 
(UNIROOF manufactured by NOF Corporation, 2.8 weight 
%), glycerin (1.3 weight%) and water (13.8 weight%) were 
added to the obtained mixture, and the components were 
kneaded, thereby obtaining a wet mixture. An extrusion 
molding process, in which the obtained wet mixture was 
extrusion-molded, was carried out, thereby manufacturing a 
quadratic prismatic compact of the honeycomb unit. 
0095 Next, the raw compact of the honeycomb unit was 
dried using a microwave drying machine, thereby producing 
a dried compact of the honeycomb unit. 
0096. A defatting process, in which the dried compact of 
the honeycomb unit was defatted at 400°C., was carried out, 
a firing process was carried out under conditions of an argon 
atmosphere, a normal pressure, 2200° C. and 3 hours, thereby 
manufacturing a honeycomb unit 13 made of silicon carbide. 
The porosity of the obtained honeycomb unit 13 was 42%, the 
average pore diameter was 11 Jum, the size was 34.3 mmx34.3 
mmx45mm, the number of cells (cell density) was 50 cells/ 
cm, and the thickness of the cell wall was 0.25 mm (10 mil). 
0097 (Adhering Process) 
0098 Next, a thermal resistant double-sided tape was 
adhered to the adhesion surface of the obtained honeycomb 
unit 13 made of porous silicon carbide, and a total of 16 (4x4) 

Aug. 29, 2013 

honeycomb units 13 were adhered to each other through the 
thermal resistant double-sided tape, thereby producing the 
heat absorption body 11. 
(0099 Next, the holding material 17, which was a sheet 
like inorganic fiber made of Al-O and SiO, at a composition 
ratio of 72:28 (weight ratio), and had an average fiber diam 
eter of the inorganic fiber of 5.1 um (average fiber length 60 
mm), a bulk density of 0.15 g/cm and a fiberdensity of 1400 
g/m, was wound around the obtained heat absorption body 
11 so that the thickness became 21 mm, thereby producing a 
sample for temperature measurement. 
0100 Athermal receiver can be produced by inserting and 
fixing the sample for temperature measurement in the Support 
body 12. 
0101. At this time, the dimensions of the heat absorption 
body 11 become 137.2 mm in height and 137.2 mm in width. 
In the present example, since the 21 mm-thick holding mate 
rial 17 is wound around the heat absorption body 11, when the 
area proportion of the heat insulating region is computed with 
anassumption that the Support body 12 is disposed around the 
holding material 17, the following is obtained. 

Cross-sectional area B (179.2x179.2)-cross-sectional 
area A (137.2x137.2)x100/cross-sectional area 
B(179.2x179.2)=41.4(%) 

0102 That is, the area proportion of the heat insulating 
region becomes 41.4%. 

Example 2 
(0103) A sample for temperature measurement was pro 
duced in the same manner as in Example 1 except that the 
thickness of the holding material 17 was set to 14 mm. When 
the area proportion of the heat insulating region is computed 
in the same manner as in Example 1 for the sample, the 
following is obtained. 

Cross-sectional area B(165.2x165.2)-cross-sectional 
area A (137.2x137.2)x100/cross-sectional area 
B(165.2x165.2)=31.0(%) 

0104 That is, the area proportion of the heat insulating 
region becomes 31.0%. 

Example 3 
0105. A sample for temperature measurement was pro 
duced in the same manner as in Example 1 except that the 
thickness of the holding material 17 was set to 7 mm. When 
the area proportion of the heat insulating region is computed 
in the same manner as in Example 1 for the sample, the 
following is obtained. 

Cross-sectional area B (151.2x151.2)-cross-sectional 
area A (137.2x137.2)x100/cross-sectional area 
B(151.2x151.2)=17.7 (%) 

0106 That is, the area proportion of the heat insulating 
region becomes 17.7%. 

Example 4 

0107 The honeycomb unit 13 was manufactured in the 
same manner as in Example 1, and a total of 9 (3x3) honey 
comb units 13 were adhered using a thermal resistant double 
sided tape, thereby producing the heat absorption body 11. 
0.108 Next, the same holding material 17 as the holding 
material 17 used in Example 1 was wound around the 
obtained heat absorption body 11 so that the thickness 
became 21 mm, thereby producing a sample for temperature 



US 2013/0220309 A1 

measurement. At this time, the dimensions of the heat absorp 
tion body 11 become 102.9 mm in height and 102.9 mm in 
width. In the present example, since the 21 mm-thick holding 
material 17 is wound around the heat absorption body 11, 
when the area proportion of the heat insulating region is 
computed with an assumption that the Support body 12 is 
disposed around the holding material 17, the following is 
obtained. 

Cross-sectional area B(144.9x144.9)-cross-sectional 
area A (102.9x102.9)x100/cross-sectional area 
B(144.9x1449)=49.6(%) 

0109 That is, the area proportion of the heat insulating 
region becomes 49.6%. 

Example 5 

0110. A sample for temperature measurement was pro 
duced in the same manner as in Example 4 except that the 
thickness of the holding material 17 was set to 14 mm. When 
the area proportion of the heat insulating region is computed 
in the same manner as in Example 4 for the sample, the 
following is obtained. 

Cross-sectional area B(130.9x130.9)-cross-sectional 
area A (102.9x102.9)x100/cross-sectional area 
B(130.9x130.9)=38.2(%) 

0111. That is, the area proportion of the heat insulating 
region becomes 38.2%. 

Example 6 

0112 A sample for temperature measurement was pro 
duced in the same manner as in Example 4 except that the 
thickness of the holding material 17 was set to 7 mm. When 
the area proportion of the heat insulating region is computed 
in the same manner as in Example 4 for the sample, the 
following is obtained. 

Cross-sectional area B(116.9x116.9)-cross-sectional 
area A (102.9x102.9)x100/cross-sectional area 
B(116.9x116.9)=22.5 (%) 

0113. That is, the area proportion of the heat insulating 
region becomes 22.5%. 

Example 7 

0114. The honeycomb unit 13 was manufactured in the 
same manner as in Example 1, and a total of 4 (2x2) honey 
comb units 13 were adhered using a thermal resistant double 
sided tape, thereby producing the heat absorption body 11. 
0115) Next, the same holding material 17 as the holding 
material 17 used in Example 1 was wound around the 
obtained heat absorption body 11 so that the thickness 
became 21 mm, thereby producing a sample for temperature 
measurement. At this time, the dimensions of the heat absorp 
tion body 11 become 68.6 mm in height and 68.6 mm in 
width. In the present example, since the 21 mm-thick holding 
material 17 is wound around the heat absorption body 11, 
when the area proportion of the heat insulating region is 
computed with an assumption that the Support body 12 is 
disposed around the holding material 17, the following is 
obtained. 

Cross-sectional area B(110.6x110.6)-cross-sectional 
area A(68.6x68.6)x100/cross-sectional area 
B(110.6x110.6)=61.5(%) 
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0116. That is, the area proportion of the heat insulating 
region becomes 61.5%. 

Example 8 

0117. A sample for temperature measurement was pro 
duced in the same manner as in Example 7 except that the 
thickness of the holding material 17 was set to 14 mm. When 
the area proportion of the heat insulating region is computed 
in the same manner as in Example 7 for the sample, the 
following is obtained. 

Cross-sectional area B(96.9x96.9)-cross-sectional 
area A(68.6x68.6)x100/cross-sectional area 
B(96.9x96.9)=49.6(%) 

0118. That is, the area proportion of the heat insulating 
region becomes 49.6%. 

Example 9 

0119) A sample for temperature measurement was pro 
duced in the same manner as in Example 7 except that the 
thickness of the holding material 17 was set to 7 mm. When 
the area proportion of the heat insulating region is computed 
in the same manner as in Example 7 for the sample, the 
following is obtained. 

Cross-sectional area B(82.6x82.6)-cross-sectional 
area A(68.6x68.6)x100/cross-sectional area 
B(82.6x82.6)=31.0(%) 

I0120) That is, the area proportion of the heat insulating 
region becomes 31.0%. 

Comparative Example 1 

0121 A sample for temperature measurement was manu 
factured in the same manner as in Example 1 except that the 
holding material 17 was not wound around the heat absorp 
tion body 11. The area proportion of the heat insulating region 
of the present comparative examples is 0%. 

Comparative Example 2 

0.122 A sample for temperature measurement was manu 
factured in the same manner as in Example 4 except that the 
holding material 17 was not wound around the heat absorp 
tion body 11. The area proportion of the heat insulating region 
of the present comparative examples is 0%. 

Comparative Example 3 

0123. A sample for temperature measurement was manu 
factured in the same manner as in Example 7 except that the 
holding material 17 was not wound around the heat absorp 
tion body 11. The area proportion of the heat insulating region 
of the present comparative examples is 0%. 
0.124 (Evaluation of the Samples) 
0.125. The samples for temperature measurement of 
Examples 1 to 9 and Comparative examples 1 to 3 (hereinafter 
also referred to simply as samples) were irradiated for 30 
minutes using a spot photographing lamp RPS-500WB (100 
V, 150 W) manufactured by Panasonic Corporation at a dis 
tance of 100 mm from the surfaces of the samples. The tem 
peratures of the samples were measured using a thermo 
couple directly fitted in the sample every 10 seconds from the 
beginning of the irradiation to 30 minutes after the end of the 
irradiation. 
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0126 FIG. 7 illustrates graphs of the temperature changes 
of the samples in Examples 1 to 3 and Comparative example 
1 of the invention, FIG.9 illustrates graphs of the temperature 
changes of the samples in Examples 4 to 6 and Comparative 
example 2 of the invention, and FIG. 11 illustrates graphs of 
the temperature changes of the samples in Examples 7 to 9 
and Comparative example 3 of the invention. In the respective 
graphs in FIGS. 7, 9 and 11, the vertical axis indicates the 
temperature (° C.), and the transverse axis indicates the 
elapsed time (seconds). In addition, FIG. 8 is a graph illus 
trating the relationship between the area proportions of the 
heat insulating regions and the peak temperatures of the 
samples in Examples 1 to 3 and Comparative example 1 of the 
invention, FIG. 10 is a graph illustrating the relationship 
between the area proportions of the heat insulating regions 
and the peak temperatures of the samples in Examples 4 to 6 
and Comparative example 2 of the invention, and FIG. 12 is a 
graph illustrating the relationship between the area propor 
tions of the heat insulating regions and the peak temperatures 
of the samples in Examples 7 to 9 and Comparative example 
3 of the invention. In the respective graphs in FIGS. 8, 10 and 
12, the vertical axis indicates the peak temperature (C.), and 
the transverse axis indicates the area proportion of the heat 
insulating region (%). Furthermore, the temperature mea 
Surement results of the respective examples and the respective 
comparative examples are described in Table 1. Table 1 
describes the peak temperatures and temperatures 30 minutes 
after the end of the irradiation of the lamp of the samples 
according to the respective examples and the respective com 
parative examples. 

TABLE 1. 

Thick 
Number ness Area 

of of proportion Temperature 
honey- holding of heat Peak after 30 
comb material insulating temperature minutes 
units (mm) region (%) (° C.) (° C.) 

Example 1 16 21 41.4 28.8 37.5 
Example 2 16 14 31.0 26.4 39.3 
Example 3 16 7 17.7 18.0 34.4 
Comparative 16 O O 99.8 31.1 
example 1 
Example 4 9 21 49.6 O7.O 30.2 
Example 5 9 14 38.2 O6.5 3O.O 
Example 6 9 7 22.5 99.8 29.0 
Comparative 9 O O 76.O 22.2 
example 2 
Example 7 4 21 61.5 O7.1 27.5 
Example 8 4 14 49.6 O8.8 27.0 
Example 9 4 7 31.0 97.1 24.O 
Comparative 4 O O 70.O 21.5 
example 3 

0127. As is evident from the results described in FIGS. 7 to 
12 and Table 1, it is found that, since the holding material 17 
was wound around the peripheries in the samples according to 
Examples 1 to 9, compared to the samples, in which the 
holding material 17 is not formed on the peripheries, as in 
Comparative examples 1 to 3, heat is not easily scattered, and 
the temperature is easily increased. In addition, it is found 
that, as the area proportion of the heat insulating region 
increases and the thickness of the holding material 17 
increases, the heat insulating property improves; however, 
when the area proportion of the heat insulating region exceeds 
50%, the heat insulating performance becomes substantially 
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constant, and barely changes. Since the area of the heat 
absorption body 11 is preferably as wide as possible, when 
the relationship between the thickness and the heat insulating 
efficiency is taken into account, the area proportion of the heat 
insulating region is considered to be preferably 50% or less. 

Second Embodiment 

0128. Hereinafter, a second embodiment, which is an 
embodiment of the thermal receiver of the invention, will be 
described with reference to the accompanying drawings. 
0.129 FIG. 3A is a vertical cross-sectional view schemati 
cally illustrating a thermal receiver according to the second 
embodiment of the invention, and FIG.3B is a cross-sectional 
view of the thermal receiver cut along the line B-B illustrated 
in FIG. 3A. 

0.130. As illustrated in FIGS. 3A and 3B, a thermal 
receiver 40 according to the second embodiment of the inven 
tion is configured to include the heat absorption body 11, to 
which multiple honeycomb units 13 having multiple flow 
paths 13b arranged in parallel for the circulation of the heat 
medium 14 are adhered through an adhesive layer formed of 
silicon 45 that functions as adhesive paste, and the Support 
body 12 which accommodates and Supports the heat absorp 
tion body 11 and allows the circulation of the heat medium 14. 
In addition, the holding material 17 made of an inorganic fiber 
is interposed between the heat absorption body 11 and the 
support body 12, and the heat absorption body 11 is supported 
and fixed by the support body 12 through the holding material 
17. 

I0131 The honeycomb unit 13 is made of porous silicon 
carbide having open pores and the silicon 45 that fills up the 
open pores in the porous silicon carbide. 
0.132. In the thermal receiver 40 according to the embodi 
ment of the invention, the porosity of the honeycomb unit 13 
is desirably 35% to 60%. When the porosity of the honey 
comb unit 13 is less than 35%, some pores in the porous 
silicon carbide that configures the honeycomb unit 13 
become closed pores, and it becomes difficult to fill the entire 
pores in the honeycomb unit 13 with the silicon 15. On the 
other hand, when the porosity of the honeycomb unit 13 
exceeds 60%, the strength of the honeycomb unit 13 
decreases, and the honeycomb unit becomes liable to be bro 
ken due to the repetition of the increase and decrease in the 
temperature of the honeycomb unit 13 (thermal history). 
I0133. The average pore diameter of the porous silicon 
carbide is desirably 5 um to 30 Lum. When the average pore 
diameter of the porous silicon carbide is less than 5um, the 
pores in the porous silicon carbide are liable to become closed 
pores, and it becomes difficult to fill the silicon. On the other 
hand, when the average pore diameter of the porous silicon 
carbide exceeds 30 um, the mechanical strength of the porous 
silicon carbide that configures the honeycomb unit 13 
decreases. 
I0134. The silicon filling up the open pores in the porous 
silicon carbide that configures the honeycomb unit 13 is pref 
erably impregnated in 15 parts by weight to 50 parts by 
weight with respect to 100 parts by weight of the porous 
silicon carbide. When the silicon is impregnated in the porous 
silicon carbide in the above range, the open pores in the 
porous silicon carbide are filled with the silicon, and the 
honeycomb unit becomes a dense body. 
0.135 Similarly to in the first embodiment, the number of 
the flow paths 13b per square centimeter in the honeycomb 
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unit 13 according to the second embodiment of the invention 
is desirably 31.0 paths/cm to 93.0 paths/cm. 
0136. In addition, the thickness of the wall portion 
between the flow paths is also preferably 0.1 mm to 0.5 mm. 
similarly to in the case of the first embodiment. 
0.137 In the honeycomb unit 13 according to the embodi 
ment of the invention, the porous silicon carbide is used as a 
porous ceramic for filling silicon, but it is also possible to use 
a different porous ceramic. Examples of the different porous 
ceramic include nitride ceramics, such as aluminum nitride, 
silicon nitride and boron nitride; and carbide ceramics, such 
as silicon carbide, Zirconium carbide and tantalum carbide. 
The above ceramics have a high thermal conductivity. 
0.138. In a case in which the heat absorption body 11 is 
manufactured using multiple honeycomb units 13, it is pos 
sible to produce the heat absorption body 11 by adhering the 
honeycomb units 13 using the silicon 45, which is the same 
material as the silicon filling up the inside of the porous 
silicon carbide that configures the honeycomb unit 13, as an 
adhesive. 
0.139. The support body 12 is configured in the same man 
ner as in the case of the first embodiment. 
0140. In the thermal receiver 40 according to the embodi 
ment of the invention, the holding material 17 is interposed 
between the heat absorption body 11 and the support body 12, 
but the holding material 17 is also configured in the same 
manner as in the case of the first embodiment. 
0141 Hereinafter, a method for manufacturing the ther 
mal receiver according to the second embodiment of the 
invention will be described. 
0142 First, the porous silicon carbide that configures the 
honeycomb unit is manufactured. The porous silicon carbide 
can be manufactured in the same manner as in the case of the 
first embodiment. 
0143 Subsequently, a metal impregnation process, in 
which a metal is impregnated into the fired compact of the 
honeycomb unit, is carried out. In a case in which silicon is 
impregnated into the fired compact of the honeycomb unit, 
for example, a carbon material is preferably impregnated into 
the fired compact of the honeycomb unit in advance. 
Examples of the carbon material include a variety of organic 
Substances, such as furfural resins, phenol resins, lignin Sul 
fonate, polyvinyl alcohols, cornstarch, molasses, coal tar 
pitch and alginate. Meanwhile, a pyrolytic carbon, Such as 
carbon black or acetylene black, can be also used in the same 
a. 

0144. The reason for impregnating the carbon Substance 
into the fired compact of the honeycomb unit in advance is 
that, since a new silicon carbide film is formed on the surfaces 
of the open pores in the fired compact of the honeycomb unit, 
the bond between the fused silicon and the fired compact of 
the honeycomb unit becomes strong. In addition, the reason is 
that the strength of the fired compact of the honeycomb unit 
also becomes strong through the impregnation of the honey 
comb unit into the fired compact. 
0145. In addition, examples of a method for filling the 
silicon into the open pores in the fired compact of the honey 
comb unit include a method in which the silicon is heated and 
fused so as to be absorbed and fill up the open pores in the 
fired compact of the honeycomb unit. In this case, silicon 
having a lump, powder or particle form is placed on the top 
Surface or bottom surface (side Surfaces excluding the end 
surfaces) of the fired compact of the honeycomb unit, the 
silicon is melted at 1450° C. or more under a vacuum condi 
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tion, and the silicon fills up the open pores in the fired compact 
of the honeycomb unit. The impregnation rate of the silicon in 
the fired compact of the honeycomb unit can be controlled by 
changing the orientation of the honeycomb unit, on which the 
silicon is placed, and repeating the above operation, and/or 
changing the weight of the silicon being placed. 
0146 It is also possible to apply a method in which finely 
powdered silicon is dispersed in a liquid of a dispersion 
medium, the liquid of a dispersion medium is impregnated in 
the fired compact of the honeycomb unit, dried, and then 
heated to the fusion temperature or more of the silicon. 
0.147. In addition, the metal impregnation process on the 
fired compact of the honeycomb unit may be carried out on 
the compact of the honeycomb unit (that is, the honeycomb 
unit before the firing process). When the above method is 
used, it is possible to achieve power saving, and to suppress 
the manufacturing costs. 
0.148. The above method enables the obtainment of a fired 
compact of the honeycomb unit filled with the silicon. Mean 
while, the fired compact of the honeycomb unit filled with the 
silicon is called a honeycomb unit. The honeycomb unit can 
be used as the heat absorption body as it is; however, when 
multiple honeycomb units are adhered to each other using the 
adhesive paste so as to be used as the heat absorption body, the 
following method can be used. 
0.149 That is, when the silicon is used as the adhesive 
paste, and multiple honeycomb units are adhered to each 
other through a silicon layer, the silicon fills up and is adhered 
to the porous silicon carbide (honeycomb unit) at the same 
time. In this case, it is possible to use, for example, a method 
in which multiple fired compacts of the honeycomb units, in 
which fine powder-form silicon has been impregnated, are 
assembled into a shape of the heat absorption body using 
predetermined fixing devices and the like, and then heated. 
0150. In a case in which the fired compacts of the honey 
comb units, in which silicon fine powder has not been impreg 
nated, are used, it is possible to use a method in which mul 
tiple fired compacts are assembled, then, silicon is placed on 
the top surface, bottom surface and the like (side surfaces 
excluding end Surfaces) of the fired compacts of the honey 
comb units in the vacuum, and heated. The fired compact 
body of the honeycomb units may be adhered to each other by 
coating a slurry form of silicon powder on the side surfaces of 
the fired compacts of the honeycomb units, and heating the 
fired compacts in a state in which two fired compacts of the 
honeycomb units are in contact with each other through the 
coated surface. Multiple honeycomb units can be joined by 
carrying out the above operation repeatedly. 
0151. Even in a case in which any of the above methods is 
used, the silicon fills up the open pores in the honeycomb unit 
(porous silicon carbide), and the silicon spreads into the space 
between the side surfaces of the honeycomb units so as to 
form the adhesive layer, whereby the fired compacts of the 
honeycomb units can be adhered to each other through the 
silicon. The Support body can also be manufactured in the 
same manner as in the case of the first embodiment. 

0152. When assembling the thermal receiver 40, the hold 
ing material 17 is wound around the heat absorption body 11 
manufactured using the above method, is pushed into and 
fixed by the support body 12, whereby the thermal receiver 40 
can be assembled. 

0153. Hereinafter, the actions and effects of the thermal 
receiver of the embodiment will be listed. 
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0154 The embodiment does not only exhibit the actions 
and effects of (2) and (4) of the first embodiment, but also 
exhibits the following effect. 
0155 (5) In the thermal receiver of the embodiment, since 
the honeycomb unit is configured by including the porous 
silicon carbide and the silicon that fills up the open pores in 
the porous silicon carbide, the honeycomb unit becomes a 
dense body. In addition, since the honeycomb unit is a dense 
body, the thermal capacity of the honeycomb unit becomes 
large, and the heat-storing property of the heat absorption 
body increases. In addition, since the thermal conductivity of 
the honeycomb unit increases, the obtained heat can be 
Smoothly transferred to the heat medium, Such as the air. 

Third Embodiment 

0156 Hereinafter, a third embodiment, which is an 
embodiment of the thermal receiver of the invention, will be 
described. 
0157. The thermal receiver according to the present 
embodiment is configured in the same manner as in the ther 
mal receiver according to the first embodiment except that the 
heat absorption body is supported by fixing members pro 
vided in the Support body, and an air layer is present between 
the heat absorption body and the support body excluding the 
fixing members. Therefore, in the following description, a 
method for fixing the heat absorption body using the fixing 
members provided in the support body will be described. 
0158 FIG. 4A is a cross-sectional view schematically 
illustrating the thermal receiver according to the third 
embodiment of the invention, and FIG. 4B is a cross-sectional 
view of the thermal receiver cut along the line C-C illustrated 
in FIG. 3A. 
0159. As illustrated in FIGS. 4A and 4B, in a thermal 
receiver 50 according to the third embodiment of the inven 
tion, the heat absorption body 11 accommodated in the Sup 
port body 12 is supported and fixed by bolts 18, which are 
fixing members. 
0160 That is, multiple screw holes 12c for screwing the 
bolts 18, which are substantially columnar fixing members, 
are formed in the support body 12. In addition, multiple bolts 
18 are screwed into the screw holes 12c, and the heat absorp 
tion body 11 is fixed using the multiple bolts 18. 
0161 Although not shown, an elastic fixing auxiliary 
member having a predetermined thickness may be interposed 
between the bolts 18 and the heat absorption body 11. The 
fixing auxiliary member can be manufactured using, for 
example, the inorganic fiber, the inorganic binder and the like. 
The heat absorption body 11 can be firmly supported and 
fixed by the Support body 12 using the elastic fixing auxiliary 
member. 
0162. In the embodiment, the bolts 18 are used as the 
fixing members, but the fixing members are not limited to the 
bolts, and any members can be used as long as screw holes can 
be opened, and screws can be screwed in. In addition, the 
material is preferably a thermal resistant metal material or 
ceramic. Examples of the thermal resistant metal material 
include iron, nickel, chromium, aluminum, tungsten, molyb 
denum, titanium, lead, copper, Zinc, alloys of the above met 
als, and the like. In addition, examples of the ceramic include 
nitride ceramics, such as aluminum nitride, silicon nitride, 
boron nitride and titanium nitride; carbide ceramics, such as 
Zirconium carbide, titanium carbide, tantalum carbide and 
tungsten carbide; oxide ceramics, such as silica, alumina, 
mullite and Zirconia; and the like. 
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0163. In the embodiment, the heat absorption body 11 is 
fixed using multiple bolts 18, the air layer is present in por 
tions other than the portion fixed by the bolts 18, and, when 
the heat medium 14 is suctioned, the air layer portion between 
the heat absorption body 11 and the support body 12 is also 
Suctioned, thereby generating the flow of a predetermined 
flow amount of the heat medium 14. Therefore, the layer of 
the flowing heat medium 14 functions as the heat insulating 
layer (heat-retention layer), and it is possible to effectively 
prevent heat from scattering from the heat absorption body 11 
to the support body 12. 
0164. However, when the gap between the heat absorption 
body 11 and the support body 12 is too wide, since the heat 
medium 11 can easily pass through the space between the heat 
absorption body 11 and the support body 12, it becomes 
difficult for the heat medium to pass through the flow paths 
13.b formed in the honeycomb unit 13, and the transferring 
efficiency of heat to the heat medium 11 decreases. Therefore, 
the gap between the heat absorption body 11 and the support 
body is desirably set to a predetermined gap with which a heat 
insulating effect is generated. 
0.165. Therefore, the area proportion of the heat insulating 
region is preferably 5% to 50%. 
(0166 Hereinafter, the actions and effects of the thermal 
receiver of the embodiment will be listed. 
0167. The embodiment does not only exhibit the actions 
and effects of (1), (3) and (4) of the first embodiment, but also 
exhibits the following effect. 
0168 (6) In the thermal receiver of the embodiment, the 
air layer is present between the heat absorption body and the 
Support body, and, when the heat medium is Suctioned, the air 
layer portion between the heat absorption body and the Sup 
port body is also Suctioned, thereby generating the flow of a 
predetermined flow amount of the heat medium. Therefore, 
the layer of the flowing heat medium functions as a heat 
retention layer (heat insulating layer), and it is possible to 
effectively prevent heat from scattering from the heat absorp 
tion body to the support body. 

Fourth Embodiment 

(0169. Hereinafter, a fourth embodiment, which is an 
embodiment of the solar thermal power generation device of 
the invention, will be described. 
0170 In the solar thermal power generation device 
according to the embodiment, the thermal receiver according 
to the first embodiment of the invention is used. 
0171 FIG. 5A is a front view schematically illustrating a 
receiver array that configures the Solar thermal power genera 
tion device according to the embodiment of the invention, and 
FIG. 5B is a cross-sectional view of the receiver array cut 
along the line C-C illustrated in FIG. 5A. 
0172 FIG. 6 is an explanatory view schematically illus 
trating the Solar thermal power generation apparatus accord 
ing to the embodiment of the invention. 
(0173. In a receiver array 20 illustrated in FIGS.5A and 5B, 
multiple thermal receivers 10 are disposed in a box-like frame 
22, in which a solar light irradiation Surface is opened, in a 
state in which the surfaces of the heat absorption bodies 11 
which receive the radiation of solar light are arrayed to face 
the front. In the present specification, an assembly of multiple 
arrayed thermal receivers will also be referred to as a receiver 
array. 
0.174 That is, gas exits 12b for the support body 12 that 
configure the thermal receiver 10 are coupled with a bottom 
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portion 22a of the frame 22, and the bottom portion 22a forms 
a closed space except a portion that is connected to a pipe 22b. 
Therefore, the heat medium 14. Such as the air, passes through 
the flow paths 13b formed in the honeycomb unit 13, is heated 
using the heat absorption body 11, and then collected in a 
space formed in the bottom portion 22a of the frame 22 
through the exits 12b for the heat medium in the support body 
12. After that, the heat medium 14 is led to a vapor generating 
device 33, described below, through the pipe 22b. 
0.175. In actual cases, the pipe 22b, a container coupled 
with the pipe 22b, or the like is coupled with an apparatus that 
Suctions gas, such as an efflux pump. Therefore, when the 
efflux pump or the like is driven, the heat medium 14, such as 
the air, around the thermal receiver 10 passes through the flow 
paths 13b formed in the honeycomb unit 13, and heat stored 
in the heat absorption body 11 is transferred to the heat 
medium, Such as the air. 
(0176). In FIGS. 5A and 5B, the air around the thermal 
receiver 10 is led to the flow paths 13b in the honeycomb unit 
13, the Solar thermal power generation device may have a dual 
structure having two rooms as the bottom portion 22a of the 
frame 22. In this case, Suddenly, the heat medium 14. Such as 
the air, does not flow into the flow paths 13b formed in the 
honeycomb unit 13, but flows into one of the two rooms, 
thereby flowing into spaces 22c present between the multiple 
thermal receivers 10. After that, the heat medium 14 is blown 
out from the void formed in the enlarged portion 12a, and 
immediately flows into the flow paths 13b formed in the 
honeycomb unit 13 of the thermal receiver 10. 
0177. In this case, since the heat medium 14 exchanges 
heat with the Support body 12 having an increased tempera 
ture for the first time, the thermal efficiency becomes large. 
0.178 As illustrated in FIG. 6, in the solar thermal power 
generation device 30 of the embodiment of the invention, the 
receiver array 20 is disposed at the height location of a central 
tower 32, and the vapor generation device 33, a heat storing 
device 34, a vapor turbine 35 and a cooling device 36 are 
sequentially disposed below the receiver array. In addition, 
multiple heliostats 37 are disposed around the central tower 
32, the heliostats 37 are set so that the reflection angle or the 
rotating direction using the vertical direction as the axis can 
be freely controlled, whereby the solar thermal power gen 
eration device is automatically controlled so that momen 
tarily changing solar light is reflected at the heliostats 37 and 
collected at the receiver array 20 in the central tower32. 
0179 The vapor generating device 33 is a division that 
generates vapor for driving the vaporturbine 35. In the vapor 
generating device 33, the heat medium 14 heated using the 
heat absorption body 11 in the receiver array 20 passes 
through the pipe 22b, then, is led to the pipe in the vapor 
generating device 33 (boiler), and the heat exchange with the 
heat medium 14 occurs. Water heated through the heat 
exchange generates water vapor. 
0180. The generated water vapor is introduced into the 
vaporturbine 35, drives and rotates the vaporturbine 35, and 
a power generator is driven through the rotation of the vapor 
turbine 35, thereby generating electricity. 
0181. The heat storing device 34 is a portion that tempo 
rarily stores the heat obtained using the heat medium 14, and 
sand is used as a heat storing member. In the heat storing 
device 34, a heat storing pipe (not shown) connected to the 
pipe 22b is made to pass through the sand, and the heat 
medium 14 heated using the heat absorption body 11 is made 
to pass through the heat storing pipe, thereby Supplying heat 
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to the sand, which is a heat storing material. Since the heat 
storing material has a largethermal capacity, the material can 
absorb and store a large amount of heat. Meanwhile, the heat 
storing material accommodated in the heat storing device 34 
is not limited to the sand, and may be another inorganic 
material having a largethermal capacity, and may be a variety 
of salts and the like. 
0182 Another vapor generating pipe (not shown), sepa 
rately from the heat storing pipe, is made to pass through the 
sand in the heat storing device 34, a non-heated heat medium 
is made to flow through the vapor generating pipe at times 
during which Solar light cannot be used, such as at night, and 
the heat medium is heated using the sand of the heat storing 
material having an increased temperature. The heat storing 
pipe may function as the vapor generating pipe. 
0183 The heated heat medium flows into the vapor gen 
erating device 33 so as to generate water vapor, and, as 
described above, electricity is generated through the driving 
of the vapor turbine 35. 
0.184 The water vapor that has passed through the vapor 
turbine 35 is led to the cooling device 36, is cooled in the 
cooling device 36 So as to turn into water, undergoes a pre 
determined treatment, and then returns to the vapor generat 
ing device 33. 
0185. The cooling device 36 is preferably configured so 
that the heat medium 14, which has been made to pass 
through the vapor generating device 33 so as to be cooled, 
passes through a cooling pipe (not shown) in the cooling 
device 36. Since the heat medium 14 is made to pass through 
the cooling pipe so as to be heated, it is possible to efficiently 
use the heat absorbed at the thermal receiver 10. 
0186. In addition, as described above, when the pipe is 
configured so that the heat medium 14 that has collected heat 
flows into spaces 22c formed between the multiple thermal 
receivers 10 in the receiver array 20, furthermore, it is also 
possible to effectively use the heat of the support body 12 in 
the thermal receiver 10. 
0187. Hereinafter, the actions and effects of the solar ther 
mal power generation device of the fourth embodiment of the 
invention will be listed. 
0188 (1) In the solar thermal power generation device of 
the embodiment, since the thermal receiver according to the 
first embodiment is used, it is possible to efficiently convert 
the radiated Solar light into heat, and to efficiently generate 
power. 
0189 (2) In the solar thermal power generation device of 
the embodiment, since the receiver array has multiple thermal 
receivers, it is possible to use a large amount of solar heat, and 
to carry out a large amount of power generation. 
0.190 (3) In the solar thermal power generation device of 
the embodiment, since the heat storing device is used, and 
heat generated using Solar light can be stored in the heat 
storing device, it is possible to generate power even at night or 
rainy days, during which there is no Solar light. 

Other Embodiments of the Invention 

(0191 Hereinafter, other embodiments of the thermal 
receiver of the invention will be described. 
0.192 The honeycomb unit 13 (heat absorption body 11) is 
configured of the porous silicon carbide having open pores in 
the first embodiment of the invention, and is configured of the 
porous silicon carbide having open pores and the silicon 15 
that fills up the open pores in the porous silicon carbide in the 
second embodiment. However, the thermal receiver of the 
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invention is not limited to the above configurations, and, for 
example, the honeycomb unit 13 may be configured of dense 
silicon carbide having a small porosity. 
0193 In a case in which the honeycomb unit 13 is config 
ured of dense silicon carbide, since the thermal capacity of the 
honeycomb unit 13 becomes large, the heat storing perfor 
mance is excellent. In addition, as described above, since 
silicon carbide is stable in the air even at 1600° C., and is 
extremely excellent in terms of thermal resistance, the per 
formances do not change even in long-term use. In addition, 
since silicon carbide has a high thermal conductivity, it is 
possible to transfer the heat stored in the honeycomb unit 13 
to the heat medium. 

0194 In a case in which the honeycomb unit 13 is config 
ured of dense silicon carbide, the porosity is preferably 5% or 
less. 
0.195. In the honeycomb unit 13 (heat absorption body 11) 
configured of dense silicon carbide, regarding the flow paths 
in the honeycomb unit 13, when a vertical cross-section is 
formed with respect to the flow paths, similarly to the case of 
the first embodiment, the number of the flow paths per square 
meter is desirably 31.0 paths/cm to 93.0 paths/cm. 
0196. Regarding the thickness of the wall portion in the 
honeycomb unit 13, similarly to the case of the first embodi 
ment, the thickness of the wall portion between the flow paths 
is preferably 0.1 mm to 0.5 mm. 
0197) In a case in which the heat absorption body 11 is 
manufactured using multiple honeycomb units made of dense 
silicon carbide, the heat absorption body can be manufactured 
by adhering the honeycomb units using the adhesive paste 
including at least one of the inorganic particles, the inorganic 
fiber and the inorganic binder, which are described in the first 
embodiment, or by adhering the honeycomb units using sili 
con which is described in the second embodiment. 

0198 In addition, in the thermal receiver according to 
other embodiments of the invention, an inorganic heat insu 
lating member may be interposed between the heat absorp 
tion body and the support body. 
0199 Examples of the inorganic heat insulating member 
include the member obtained using the adhesive paste used as 
an adhesive that adheres and binds multiple honeycomb units 
in the second embodiment. That is, in this case, the adhesive 
paste is coated around the heat absorption body formed by 
joining multiple honeycomb units, and the heat absorption 
body is adhered to the support body through the coated layer. 
0200. The adhesive paste includes at least one of the inor 
ganic particles, the inorganic fiber and the inorganic binder, 
and may include an organic binder. Since the adhesive paste 
has been described in the second embodiment, the adhesive 
paste will not be described in detail herein. 
0201 In the embodiment, the thermal receiver made of 
multiple honeycombunits has been described, but the thermal 
receiver of the embodiment of the invention may be config 
ured of one honeycomb unit 
0202. When used in the solar thermal power generation 
device 30, since the heat absorption body 11 reaches approxi 
mately 1000°C., moisture and the like in the adhesive layer 
are volatilized, and an inorganic heat insulating member, in 
which the inorganic particles and the inorganic fiber are 
coupled using the Solid content of the inorganic binder, is 
formed. Meanwhile, in a case in which the adhesive layer 
includes an organic binder, it is needless to say that the 
organic binder is decomposed and eliminated. 
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0203. Obviously, numerous modifications and variations 
of the present invention are possible in light of the above 
teachings. It is therefore to be understood that within the 
Scope of the appended claims, the invention may be practiced 
otherwise than as specifically described herein. 

1. A thermal receiver comprising: 
a heat absorption body made of at least one honeycomb 

unit having a plurality of flow paths arranged for circu 
lation of a heat medium; 

a Support body which Supports the heat absorption body 
and which allows circulation of the heat medium; and 

the heat absorption body including silicon carbide and 
being Supported at a position away from an inner Surface 
of the support body by a predetermined distance. 

2. The thermal receiver according to claim 1, 
wherein a holding material including an inorganic fiber is 

interposed between the heat absorption body and the 
Support body. 

3. The thermal receiver according to claim 1, 
wherein the heat absorption body is supported by fixing 

members provided in the Support body, and an air layer 
is present between the heat absorption body and the 
Support body excluding the fixing members. 

4. The thermal receiver according to claim 1, 
wherein an inorganic heat insulating member is interposed 

between the heat absorption body and the support body. 
5. The thermal receiver according to claim 2, 
wherein the holding material is made of an alumina-Silica 

fiber, an alumina fiber or a silica fiber. 
6. The thermal receiver according to claim 5, 
wherein a composition ratio of alumina to silica (alumina/ 

silica) is from 60/40 to 80/20. 
7. The thermal receiver according to claim 1, 
wherein, when a cross-sectional area of the heat absorption 

body in a plane parallel to a surface of the heat absorp 
tion body, to which solar light is radiated, is indicated by 
A, and an opening area of the Support body including the 
plane is indicated by B. 

an area proportion of a heat insulating region, which is 
represented by a following formula (1), is 5% to 50%, 
Area proportion of a heat insulating region (%)=(B- 

A)x100/B (1). 

8. The thermal receiver according to claim 1, 
wherein the heat absorption body is made of porous silicon 

carbide. 
9. The thermal receiver according to claim 1, 
wherein the heat absorption body includes porous silicon 

carbide, and silicon that fills up pores in the porous 
silicon carbide. 

10. The thermal receiver according to claim 8. 
wherein porosity of the porous silicon carbide is 35% to 

60%, and an average pore diameter is 5um to 30 Jum. 
11. The thermal receiver according to claim 1, 
wherein the heat absorption body is made of dense silica 

carbide. 
12. The thermal receiver according to claim 1, 
wherein the plurality of flow paths are provided in the heat 

absorption body at 31.0 paths/cm to 93.0 paths/cm, 
and a thickness of a wall portion between each of the 
plurality of flow paths in the heat absorption body is 0.1 
mm to 0.5 mm. 

13. A Solar thermal power generation device comprising 
the thermal receiver according to claim 1. 
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