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SOLAR HEAT COLLECTING SYSTEM, AND 
APPARATUS AND METHOD OF 
CONTROLLING THE SAME 

CROSS REFERENCE TO RELATED 
APPLICATION 

0001. This application is based upon the prior Japanese 
Patent Application No. 2014-96132, filed on May 7, 2014, 
the entire contents of which are incorporated herein by 
reference. 

FIELD 

0002 Embodiments described herein relate to a solar heat 
collecting system, and an apparatus and a method of con 
trolling the same. 

BACKGROUND 

0003 FIGS. 7 and 8 are a perspective view and a sec 
tional view illustrating a structure of a conventional heat 
collector 1, respectively. Reference characters X and Y 
denote horizontal directions that are perpendicular to each 
other. Reference character Z denotes a vertical direction. 
FIG. 8 illustrates a section of the heat collector 1 illustrated 
in FIG. 7. 
0004. The heat collector 1 illustrated in FIGS. 7 and 8 is 
provided in a Solar heat collecting system that collects Solar 
heat from Sunrays S. Types of the Solar heat collecting 
System generally include a trough type, a Fresnel type, a 
tower type and the like. The above mentioned solar heat 
collecting system is a trough type. 
0005. The heat collector 1 includes heat collecting pipes 
2, reflecting mirrors 3, transparent pipes 4 and Supports 5. 
Reference numeral 11 denotes a pipe in the solar heat 
collecting system. The pipe 11 includes a plurality of branch 
pipes 11a. The heat collecting pipes 2 configure a part of the 
branch pipes 11a. FIG. 8 illustrates a section of a heat 
collecting pipe 2 and a reflecting mirror 3. 
0006. As illustrated in FIG. 7, each of the reflecting 
mirrors 3 has a curved shape that is long in a horizontal 
direction. As illustrated in FIG. 8, the section perpendicular 
to the longitudinal direction of the reflecting mirror 3 is a 
parabola. The heat collector 1 is set on a ground G. The heat 
collector 1 rotates and drives the reflecting mirror 3 so as to 
make a center axis (a straight line connecting a focal point 
and an apex) of the parabola parallel to the Sunrays S. That 
is, the reflecting mirror 3 is rotated in response to the change 
of the altitude of the sun to track the Sun. 
0007. The heat collecting pipe 2 is a pipe arranged in 
parallel to the horizontal axes of the reflecting mirrors 3 and 
is arranged at the focal points of (the parabolas of) the 
reflecting mirrors 3. When the center axes of the reflecting 
mirrors 3 are parallel to the Sunrays S, the Sunrays S are 
reflected by the reflecting mirrors 3 and condensed at the 
heat collecting pipe 2. Reference character S denotes a 
reflected light of the sunray S. The heat collecting pipes 2 
are metal pipes, for example. 
0008. The rotation center of the reflecting mirror 3 may 
match the focal point of the reflecting mirror 3 or may not 
match the focal point of the reflecting mirror 3. In FIG. 8, the 
rotation center of the reflecting mirror 3 is the end of the 
support 5 and the reflecting mirror 3 rotates in a direction of 
an arrow A. Since the heat collecting pipe 2 and the 
reflecting mirror 3 are coupled and integrated, the heat 
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collecting pipe 2 rotates and moves in a direction of an arrow 
A in response to the ration of the reflecting mirror 3. Since 
the heat collecting pipe 2 and the reflecting mirror 3 are 
coupled and integrated, the rotation/movement center of the 
heat collecting pipe 2 matches the rotation center of the 
reflecting mirror 3. From a viewpoint of a phase in the 
peripheral direction of the heat collecting pipe 2, rotation of 
the reflecting mirror 3 has no influence in a surface area of 
the heat collecting pipe 2 that is nearest to the reflecting 
mirror 3. 
0009 FIG. 9 is an enlarged sectional view illustrating the 
structure of the conventional heat collector 1. 
0010. A heat medium 6 circulates in the heat collecting 
pipe 2. The heat medium 6 is oil, for example. The heat 
medium 6 flows in from one end of the heat collecting pipe 
2 and flows out from the other end of the heat collecting pipe 
2. The heat medium 6 is heated by the condensed reflected 
lights S. 
0011 A part adjacent to the reflecting mirror 3 of the heat 
collecting pipe 2, that is, a part where the reflected lights S. 
are condensed of the heat collecting pipe 2 is positioned in 
the transparent pipe 4. The transparent pipe 4 is a glass pipe, 
for example. A space between the heat collecting pipe 2 and 
the transparent pipe 4 is preferably a vacuum 7. However, air 
may exist between the heat collecting pipe 2 and the 
transparent pipe 4 depending on a sealing structure between 
the heat collecting pipe 2 and the transparent pipe 4. 
0012 FIG. 10 is a schematic diagram illustrating a con 
figuration of a conventional solar heat collecting system. 
0013 The solar heat collecting system in FIG. 10 
includes the heat collector 1, the pipe 11, a temperature 
sensor 12 including a temperature sensing portion 12a, a 
pump 13, a heater 14 and a controller 15. 
0014. The heat medium 6 having been heated by the heat 
collector 1 is transferred through the pipe 11 to the heater 14 
by the pump 13 to heat a heating target fluid 16 in the heater 
14. For example, when the Solar heat collecting system is a 
Solar power station, the heating target fluid 16 is an operation 
fluid of a steam turbine. The heat medium 6 having been 
discharged from the heater 14 is transferred through the pipe 
11 back to the heat collector 1. In this way, the heat medium 
6 in the solar heat collecting system in FIG. 10 circulates 
between the heat collector 1 and the heater 14 through the 
pipe 11. 
0015. When the heat medium 6 is heated to a sufficiently 
high temperature, the property of the heat medium 6 dete 
riorates due to thermal denaturation and the function of the 
heat medium 6 is decreased. Accordingly, in the Solar heat 
collecting system, an allowable upper limit temperature of 
the heat medium 6 is determined. The solar heat collecting 
system is operated with the temperature of the heat medium 
6 being set to be lower than the allowable upper limit 
temperature. For example, when the heat medium 6 is oil, 
the allowable upper limit temperature of the heat medium 6. 
which depends on the type of oil, is usually set to about 300 
to 350° C. to provide a margin for the temperature of the heat 
medium 6. 
I0016. In the flow passage for the heat medium 6, exits E 
of the heat collector 1 are points where the temperature of 
the heat medium 6 becomes highest generally. The exits E 
of the heat collector 1 are positions of the last reflecting 
mirrors 3 at the final stages of the respective heat collecting 
pipes 2. The temperature of the heat medium 6 decreases as 
the heat medium 6 goes further from the exits E of the heat 
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collector 1. However, in the solar heat collecting system in 
FIG. 10, the pipe 11 is covered with heat reserving materials 
at positions downstream of the exits E of the heat collector 
1, and decrease in the temperature of the heat medium 6 in 
the area downstream of the exits E of the heat collector 1 
is Small. 
0017. The temperature sensing portion 12a in FIG. 10 is 
arranged at a point P of the pipe 11. The point P is referred 
to as a temperature measurement point of the temperature 
sensor 12. The temperature measurement point P in FIG. 10 
is far from the respective exits E of the heat collector 1. 
Thus, although the pipe 11 is covered with a heat reserving 
material, the temperature of the heat medium 6 slightly 
decreases before the heat medium 6 reaches the temperature 
measurement point P from the exits E of the heat collector 
1. Accordingly, the allowance upper limit temperature in the 
solar heat collecting system in FIG. 10 is preferably set to be 
lower than the above example of the allowance upper limit 
temperature (about 300 to 350° C.). 
0018 To measure the temperature of the heat medium 6 
precisely, the temperature sensor 12 is sufficiently inserted 
into the heat collecting pipe 2, normally. For example, the 
temperature sensor 12 is a thermocouple. The end of the 
thermocouple as a hot contact point (the temperature sensing 
portion 12a) is normally placed in the vicinity of the center 
axis of the heat collecting pipe 2. FIG. 10 illustrates the 
temperature sensor 12 together with the signal line thereof. 
0019. When the temperature of the heat medium 6 
exceeds the allowable upper limit temperature, the controller 
15 rotates and drives the reflecting mirrors 3 to make the 
respective center axes of the reflecting mirrors 3 nonparallel 
with the Sunrays S. Accordingly, the reflected lights S are 
condensed to a position other than the focal point of the 
reflecting mirror 3 and not all the reflected lights S are 
condensed to a same position. However, the shape of the 
heat collecting pipe 2 is not a line but a column having a 
thickness. Accordingly, when the rotation angle of the 
reflecting mirror 3 is small, the reflected lights S strike 
Somewhere on the Surface of the heat collecting pipe 2 and 
the heat collecting pipe 2 is heated. For this reason, the 
controller 15 rotates and drives the reflecting mirrors 3 at an 
angle not to condense the reflected lights S2 to the heat 
collecting pipe 2. As a result, a heating amount of the heat 
collecting pipes 2 becomes Sufficiently Small and the tem 
perature of the heat medium 6 decreases to be lower than the 
allowable upper limit temperature. 
0020. The above description is based on the assumption 
of the Solar heat collecting system being a trough type. 
However, the same is true in a Fresnel-type or tower-type 
Solar heat collecting system. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0021 FIG. 1 is a schematic diagram illustrating a con 
figuration of a Solar heat collecting system of a first embodi 
ment, 
0022 FIG. 2 is a sectional view illustrating a structure of 
a heat collector in the first embodiment; 
0023 FIG. 3 is another sectional view illustrating the 
structure of the heat collector in the first embodiment; 
0024 FIG. 4 is a graph showing an example of a heat 
medium temperature in the Solar heat collecting system of 
the first embodiment; 
0025 FIG. 5 is a sectional view illustrating a structure of 
the heat collector in a modification of the first embodiment; 
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0026 FIG. 6 is a schematic diagram illustrating a con 
figuration of a Solar heat collecting system of a second 
embodiment; 
0027 FIG. 7 is a perspective view illustrating a structure 
of a conventional heat collector, 
0028 FIG. 8 is a sectional view illustrating the structure 
of the conventional heat collector; 
0029 FIG. 9 is an enlarged sectional view illustrating the 
structure of the conventional heat collector; and 
0030 FIG. 10 is a schematic diagram illustrating a con 
figuration of a conventional Solar heat collecting system. 

DETAILED DESCRIPTION 

0031 Embodiments will now be explained with refer 
ence to the accompanying drawings. 
0032. As illustrated in FIG.9, the reflected lights S. strike 
on a surface part nearer to the reflecting mirror 3 of the heat 
collecting pipe 2. The heat collecting pipe 2 is usually made 
of metal. Accordingly, the Surface part nearer to the reflect 
ing mirror 3 of the heat collecting pipe 2 is heated by the 
reflected lights S while a surface part at an opposite side to 
the reflecting mirror 3 is heated by heat transferred through 
the heat collecting pipe 2. Thus, the temperature of the heat 
collecting pipe 2 at the side nearer to the reflecting mirror 3 
is higher than that at the side opposite to the reflecting mirror 
3 
0033. The heat medium 6 flowing through the heat col 
lecting pipe 2 is heated by the inner wall of the heat 
collecting pipe 2. Accordingly, the heat medium 6 in the 
region R nearer to the reflecting mirror 3 is heated more 
than the heat medium 6 in the region R further from the 
reflecting mirror 3. In FIG. 9, the region R is hatched. 
0034. However, when the flow rate of the heat medium 6 
is sufficiently high, the in-pipe flow velocity of the heat 
medium 6 is high and the heat medium 6 is sufficiently 
stirred. Accordingly, the temperature distribution of the heat 
medium 6 that is illustrated in the section of the heat 
collecting pipe 2 in FIG. 9 is nearly uniform. 
0035. An amount of heat that the heat collector 1 receives 
from the Sunrays S and S depends on the altitude of the Sun 
and weather. 
0036. Thus, the heater 14 adjusts the amount of heat of 
the heat medium 6 to heat the heating target fluid 16 in 
response to increase and decrease in the flow rate of the heat 
medium 6. 

0037. When the heat collector 1 receives a large amount 
of heat from the sunrays S and S, but the flow rate of the 
heat medium 6 is low, the heat medium 6 is not sufficiently 
stirred and the temperature stratification of the heat medium 
6 is caused. Thus, the temperature distribution of the heat 
medium 6 in the section of the heat collecting pipe 2 is 
non-uniform. That is, in the section of the heat collecting 
pipe 2, the temperature of the heat medium 6 in the region 
R nearer to the reflecting mirror 3 is higher than that in the 
region R further from the reflecting mirror 3. 
0038. When bent portions 11b are positioned at positions 
downstream of the heat collecting pipe 2 on the pipe 11, that 
is, at positions downstream of respective portions to be 
heated by the reflected lights S on the pipe 11, the heat 
medium 6 flowing through the pipe 11 is stirred at the bent 
portions 11b. In this case, the temperature distribution of the 
heat medium 6 is non-uniform in the section of the pipe 11 
at a point upstream of the bent portion 11b and is nearly 
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uniform in the section of the pipe 11 at a position down 
stream of the bent portion 11b. 
0039. Therefore, to obtain a substantially same measured 
value of the temperature, the temperature sensing portions 
12a can be placed at any position in the pipe 11 as long as 
the temperature sensing portions 12a are placed downstream 
of the respective bent portions 11b. In this case, the mea 
Sured temperature value is close to an average temperature 
of the heat medium 6 in the sections of the pipe 11 at 
positions upstream of the respective bent portions 11b. 
0040. For example, when a ball joint is arranged at the 
pipe 11 downstream of the heat collecting pipe 2 and the 
pipe 11 does not move in the area downstream of the ball 
joint, the bent portion 11b is provided at the time of 
arranging the ball joint. In this case, the temperature mea 
surement position P is positioned downstream of the bent 
portions 11b as illustrated in FIG. 10, the temperature 
distribution of the heat medium 6 at the temperature mea 
Surement position P is nearly uniform. 
0041. However, even when the measured temperature at 
the downstream position where the heat medium 6 is suffi 
ciently stirred is equal to or lower than the allowable upper 
limit temperature, there is a possibility that the temperature 
of the heat medium 6 locally exceeds the allowable upper 
limit temperature at a position (for example, the exit E of 
the heat collector 1) upstream of the bent portions lib. More 
specifically, there is a possibility that the temperature of the 
heat medium 6 exceeds the allowable upper limit tempera 
ture in the region R that is nearer to the reflecting mirror 3. 
0042. When the temperature of the heat medium 6 locally 
exceeds the allowable upper limit temperature, the property 
of the heat medium 6 deteriorates at the relevant local point. 
Accordingly, even when the measured temperature by the 
temperature sensor 12 is equal to or lower than the allowable 
upper limit temperature, there is a possibility that the prop 
erty of the heat medium 6 deteriorates. For example, when 
the measured temperature by the temperature sensor 12 is 
equal to the allowable upper limit temperature, the tempera 
ture of the heat medium 6 exceeds the allowable upper limit 
temperature at a certain position of the exits E of the heat 
collector 1. 
0043. In one embodiment, a solar heat collecting system 
includes a heat collector configured to heat a heat medium 
by a Sunray. The system further includes a heater configured 
to heat a heating target fluid by the heat medium. The system 
further includes a heat medium pipe configured to circulate 
the heat medium between the heat collector and the heater. 
The system further includes a temperature sensor configured 
to measure a temperature of the heat medium flowing from 
the heat collector toward the heater, at a position located 
upstream of an initial bent portion of the heat medium pipe 
in a region where the heat medium pipe extends from the 
heat collector toward the heater. The system further includes 
a controller configured to control heating of the heat medium 
in accordance with the temperature of the heat medium 
measured by the temperature sensor. 

First Embodiment 

0044 FIG. 1 is a schematic diagram illustrating a con 
figuration of a Solar heat collecting system of a first embodi 
ment. The configuration of the Solar heat collecting system 
of the present embodiment will be described by focusing on 
differences from the configuration illustrated in FIGS. 7 to 
10. 
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0045. The pipe 11 in FIG. 1 includes the branch pipes 
11a. The heat collecting pipes 2 of the heat collector 1 
configure a part of these branch pipes 11a. Reference 
character 11b denotes an initial bent portion of each branch 
pipe 11a in a region where each branch pipe 11a extends 
from the heat collector 1 toward the heater 14. In other 
words, reference character 11b denotes the bent portion 
located most upstream among bent portions located in the 
vicinity of an exit E of the heat collector 1 and located 
downstream of the heat collector 1. The pipe 11 is an 
example of a heat medium pipe. 
0046. The solar heat collecting system in FIG. 1 includes 
a plurality of the temperature sensors 12. The temperature 
sensing portions 12a of these temperature sensors 12 are 
arranged in the branch pipes 11a. More specifically, the 
temperature sensing portions 12a are arranged in the branch 
pipes 11a in regions where the branch pipes 11a extend from 
the heat collector 1 toward the heater 14, and are arranged 
positions located upstream of the initial bent portions 11b. 
FIG. 1 illustrates a situation where the temperature sensing 
portions 12a are arranged downstream of the exits E of the 
heat collector 1 and are arranged upstream of the initial bent 
portions 11b. 
0047 Accordingly, the temperature sensors 12 in the 
present embodiment can measure the temperature of the heat 
medium 6 flowing from the heat collector 1 toward the 
heater 14 at the positions located upstream of the initial bent 
portions 11b of the branch pipes 11a in the regions where the 
branch pipes 11a extend from the heat collector 1 toward the 
heater 14. Reference character P denotes temperature mea 
Surement positions of the temperature sensors 12. The 
temperature measurement positions P may be positioned in 
the heat collecting pipes 2 or may be positioned in the 
branch pipes 11a other than the heat collecting pipes 2. 
0048. The controller 15 in the present embodiment con 
trols heating of the heat medium 6 in accordance with the 
temperature of the heat medium 6 measured by the tem 
perature sensors 12. More specifically, as illustrated in FIG. 
1, the controller 15 controls heating of the heat medium 6 by 
rotating and driving the reflecting mirrors 3 of the heat 
collector 1. Detailed descriptions of operation of the con 
troller 15 will be given later. 
0049 FIG. 2 is a sectional view illustrating a structure of 
the heat collector 1 in the first embodiment. FIG. 2 illustrates 
a section perpendicular to a pipe-axis direction (Y direction) 
of the heat collecting pipe 2. 
0050. Among regions in the heat collecting pipe 2, FIG. 
2 illustrates a region R nearer to the reflecting mirror 3 and 
a region R further from the reflecting mirror 3. The heat 
medium 6 in the region R nearer to the reflecting mirror 3 
is heated more than the heat medium 6 in the region R2 
further from the reflecting mirror 3. In FIG. 2, the region R 
is hatched. 

0051. The temperature sensing portion 12a in the present 
embodiment is arranged in the region R that is nearer to the 
reflecting mirror 3. The reason for this arrangement will be 
described later. In this way, the temperature sensor 12 in the 
present embodiment measures the temperature of the heat 
medium 6 at a position nearer to the reflecting mirror 3 
rather than the center axis of the heat collecting pipe 2, for 
example, a position in the region R. 
0.052 FIG. 3 is another sectional view illusrtating the 
structure of the heat collector 1 in the first embodiment. FIG. 
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3 illustrates a section parallel to the pipe-axis direction (Y 
direction) of the heat collecting pipe 2. 
0053. The heat collecting pipe 2 in the present embodi 
ment includes a first portion 2a that is covered with the 
transparent pipe 4 and a second portion 2b that is covered 
with the heat reserving material 8. The second portion 2b is 
positioned downstream of the first portion 2a and upstream 
of the initial bent portion 11b. The heat collecting pipe 2 in 
the present embodiment further includes a third portion 2c 
between the first portion 2a and the second portion 2b. The 
third portion 2c is not covered with the transparent pipe 4 or 
the heat reserving material 8. 
0054 Reference character E denotes a boundary 
between the first portion 2a and the third portion 2c. The 
boundary E. corresponds to an exit of the heat collector 1. 
Reference character E. denotes a boundary between the third 
portion 2c and the second portion 2b. 
0055. It is not preferable that the third portion 2c exists. 
However, in some cases, the third portion 2c is generated by 
production of the heat collector 1. FIG. 3 illustrates a case 
where the third portion 2c exists. In the third portion 2c, the 
heating amount (the received heat amount) by the Sunrays S. 
and S is usually larger than the radiated heat amount from 
the Surface of the heat collecting pipe 2. Consequently, the 
heat medium 6 in the third portion 2c is heated. 
0056. Therefore, the heat collecting pipe 2 is heated in the 

first and third portions 2a and 2C. The heat medium 6 in the 
heat collecting pipe 2 is heated not only in the first portion 
2a but also in the third portion 2c. When the heat collecting 
pipe 2 has the third portion 2c, the boundary E. corresponds 
to a substantial exit of the heat collector 1. 

0057 FIG. 3 illustrates the region R1 nearer to the 
reflecting mirror 3 in the heat collecting pipe 2. Reference 
character R. denotes the region R in the first portion 2a. 
Reference character R. denotes the region R in the second 
and third portions 2b and 2c. 
0058. The temperature sensing portion 12a in the present 
embodiment is arranged in the region R, and more spe 
cifically, in the region R in the second portion 2b. The 
temperature sensing portion 12a is preferably arranged on 
the boundary E or in the vicinity of the boundary E. In this 
case, the temperature sensor 12 can measure a temperature 
that is close to the maximum temperature of the heat 
medium 6 in the heat collecting pipe 2. A modification in 
which the temperature sensing portion 12a is arranged in the 
region R in the third portion 2c will be described later. 
0059. The temperature sensor 12 preferably has a bar or 
line shape and is bent, as illustrated in FIG. 3. This shape can 
make the length of the temperature sensor 12 in the region 
R. Sufficiently longer than the outer diameter of the tem 
perature sensor 12. As a result, the temperature sensor 12 
receives a reduced influence of the temperature of the heat 
collecting pipe 2. The temperature sensor 12 pierces through 
the heat collecting pipe 2 and the heat reserving material 8. 
A portion where the temperature sensor 12 pierces the heat 
collecting pipe 2 is sealed. The sealed portion prevents the 
heat medium 6 from flowing out from the heat collecting 
pipe 2. 
0060 FIG. 3 illustrates the temperature sensor 12 
together with a signal line thereof. Since the temperature 
sensing portions 12a in the present embodiment are pro 
vided in the respective heat collecting pipes 2, the signal 
lines of the temperature sensors 12 move with the rotational 
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movements of the respective heat collecting pipes 2. In this 
case, a malfunction Such as disconnection of the signal line 
may be generated. 
0061 Therefore, in the present embodiment, the signal 
lines of the temperature sensors 12 are arranged so as to 
creep on the surface of the pipe 11 (more specifically, the 
surface of the heat reserving material 8) from a part of the 
pipe 11 in the vicinity of the temperature sensing portion 12a 
to a part of the pipe 11 that is not moved by the rotation of 
the heat collecting pipe 2. In this case, the signal lines are 
arranged so that the signal lines are not stretched but 
sufficiently warped in the vicinities of the respective bent 
portions of the pipe 11. This arrangement can prevent a 
malfunction Such as disconnection of the signal lines at the 
bent portions of the pipe 11 or the like. The initial bent 
portion 11b is an example of such a bent portion. Such a bent 
portion exists at the position of the ball joint of the pipe 11, 
for example. 
0062 For example, the heat collecting pipe 2 and the 
transparent pipe 4 are made of metal and glass, respectively. 
In this case, increase in the temperatures of the heat col 
lecting pipe 2 and the transparent pipe 4 generates a thermal 
expansion difference between the heat collecting pipe 2 and 
the transparent pipe 4. In the Solar heat collecting system of 
the present embodiment, the structure is devised to prevent 
the thermal expansion difference from breaking the heat 
collecting pipe 2 and the transparent pipe 4, though the 
illustration of the devised structure is omitted. 
0063 FIG. 4 is a graph showing an example of a heat 
medium temperature in the Solar heat collecting system of 
the first embodiment. 
0064. The ordinate in FIG. 4 represents the temperature 
of the heat medium 6 in the region R of the heat collecting 
pipe 2. The abscissa in FIG. 4 represents the Y coordinate of 
a point in the region R of the heat collecting pipe 2. 
0065. In the graph shown in FIG. 4, the temperature of 
the heat medium 6 increases with increase in the Y coordi 
nate in the first portion 2a. The reason for this is that the heat 
medium 6 is heated by the heat collector 1. The temperature 
of the heat medium 6 also increases with increase in the Y 
coordinate in the third portion 2c. The reason for this is that 
the heat medium 6 having been discharged from the exit E 
of the heat collector 1 is still heated (receives heat) by the 
Sunrays S and S with a heating amount here being larger 
than the radiated amount. The temperature of the heat 
medium 6 is fixed or starts to decrease gently in the second 
portion 2b. The reason for this is that although heating of the 
heat medium 6 ends, the heat reserving material 8 Suppresses 
heat radiation of the heat medium 6. 

0.066 Reference character To denotes the allowable upper 
limit temperature of the heat medium 6 in the present 
embodiment. The allowable upper limit temperature To in 
the present embodiment is predetermined in the controller 
15, for example. FIG. 4 illustrates a situation where the 
temperature of the heat medium 6 exceeds the allowable 
upper limit temperature To in the first portion 2a. In this 
case, the temperature of the heat medium 6 measured by the 
temperature sensor 12 in the present embodiment exceeds 
the allowable upper limit temperature To. 
0067. Therefore, the controller 15 in the present embodi 
ment controls heating of the heat medium 6 in accordance 
with the temperature of the heat medium 6 measured by the 
temperature sensors 12 and the allowable upper limit tem 
perature To predetermined in the controller 15 in advance. 
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0068 More specifically, when the measured temperature 
of the heat medium 6 is lower than the allowable upper limit 
temperature To the controller 15 controls rotation of the heat 
collector 1 so that the reflecting mirrors 3 track the sun. In 
this case, the center axis of each reflecting mirror 3 is kept 
parallel with the sunrays S and the reflected lights S. 
continue to be condensed to the heat collecting pipe 2. 
Consequently, the heat medium 6 in the heat collecting pipe 
2 is heated with high efficiency. 
0069. On the other hand, when the measured temperature 
of the heat medium 6 is higher than the allowable upper limit 
temperature To the controller 15 controls the heat collector 
1 so that the reflecting mirrors 3 stop tracking the Sun and the 
reflecting mirrors 3 are set to face a direction not to condense 
the reflected lights S to the heat collecting pipe 2. In this 
case, the central axis of each reflecting mirror 3 is not 
parallel with the sunrays S. 
0070. When the measured temperature of the heat 
medium 6 increases from a temperature lower than To to a 
temperature higher than To the controller 15 rotates and 
drives the reflecting mirrors 3 to an angle not to condense the 
reflected lights S to the heat collecting pipe 2. As a result, 
the heating amount of the heat medium 6 per unit flow rate 
decreases from that when the reflecting mirrors 3 track the 
Sun, and the temperature of the heat medium 6 decreases. 
When the measured temperature of the heat medium 6 
decreases from a temperature higher than To to a temperature 
lower than To the controller 15 causes the reflecting mirrors 
3 to restart tracking the Sun. 
0071. The temperature sensor 12 measures the tempera 
ture of the heat medium 6 and outputs a first signal including 
the measured temperature of the heat medium 6. The con 
troller 15 receives the first signal from the temperature 
sensor 12 and outputs a second signal to control heating of 
the heat medium 6 in accordance with the temperature of the 
heat medium 6 included in the first signal. The second signal 
in the preset embodiment includes a command for rotation 
of the heat collector 1. The temperature sensor 12 and the 
controller 15 are examples of the first and second signal 
outputting modules, respectively. 
0072 The temperature sensors 12 may be connected with 
the controller 15 via one or more devices that process the 
first signal, for example. Similarly, the controller 15 may be 
connected with the heat collector 1 via one or more devices 
that process the second signal. 
0.073 Advantages of arranging the temperature sensing 
portions 12a of the present embodiment at positions 
upstream of the respective initial bent portions 11b will be 
described. Advantages of arranging the temperature sensing 
portions 12a of the present embodiment in the respective 
regions R nearer to the reflecting mirrors 3 will be also 
described. 

0074. When the flow rate of the heat medium 6 is 
sufficiently high, the heat medium 6 is sufficiently stirred. 
Accordingly, the temperature distribution of the heat 
medium 6 in a section (a section perpendicular to the pipe 
axis direction) of the heat collecting pipe 2 is nearly uni 
form. On the other hand, when the flow rate of the heat 
medium 6 is low, the heat medium 6 is not sufficiently 
stirred. Accordingly, the temperature distribution of the heat 
medium 6 in a section of the heat collecting pipe 2 is 
non-uniform. In this case, in the section of the heat collect 
ing pipe 2, the temperature of the heat medium 6 in the 
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region R nearer to the reflecting mirror 3 is higher than that 
in the region R further from the reflecting mirror 3. 
0075. However, the heat medium 6 is stirred at the bent 
portions of the pipe 11. Accordingly, even when the flow rate 
of the heat medium 6 is low, the temperature distribution of 
the heat medium 6 downstream of the initial bent portion 11b 
of the pipe 11 is nearly uniform. On the other hand, the 
temperature distribution of the heat medium 6 upstream of 
the initial bent portion 11b of the pipe 11 is non-uniform. 
0076. If the temperature sensing portion 12a is arranged 
downstream of the initial bent portion 11b, the temperature 
of a part of the heat medium 6 upstream of the initial bent 
portion 11b may be locally higher than the allowable upper 
limit temperature To even when the measured temperature of 
the heat medium 6 is lower than the allowable upper limit 
temperature To. In this case, the property of the heat medium 
6 is deteriorated at this local part. 
0077. Therefore, the temperature sensing portions 12a in 
the present embodiment are arranged upstream of the 
respective initial bent portions 11b. Accordingly, before the 
heat medium 6 is stirred at the initial bent portions 11b, the 
temperature of the heat medium 6 can be measured. 
0078. Furthermore, the temperature sensing portions 12a 
in the present embodiment are arranged in the respective 
regions R nearer to the reflecting mirrors 3. The reason for 
this is that the temperature of the heat medium 6 in the heat 
collecting pipe 2 becomes locally high in the region R 
nearer to the reflecting mirror 3 and there is a high possi 
bility that the property of the heat medium 6 is deteriorated. 
Therefore, in the present embodiment, the temperature sens 
ing portions 12a are arranged in the respective regions R. 
and the temperature of the heat medium 6 can be measured 
in positions where the property of the heat medium 6 is 
likely to be deteriorated. 
0079 Moreover, the temperature sensing portions 12a in 
the present embodiment are arranged in the respective 
vicinities of the boundaries E between the respective sec 
ond and third portions 2b and 2c in the regions R. The 
reason for this is that the temperature of the heat medium 6 
in the heat collecting pipe 2 is likely to become highest in the 
vicinity of the boundary E. in the region R. Therefore, 
according to the present embodiment, the temperature sens 
ing portions 12a are arranged in the vicinities of the respec 
tive boundaries E. in R so that the temperature of the heat 
medium 6 can be measured at portions where the property of 
the heat medium 6 is most likely to be deteriorated. 
0080. The temperature sensing portions 12a in the pres 
ent embodiment are preferably arranged at points where the 
temperature of the heat medium 6 is likely to become high. 
The reason for this is that when the temperature of the heat 
medium 6 at such a point is controlled to be lower than the 
allowable upper limit temperature To the temperature of the 
heat medium 6 at many points other than this point can be 
also controlled to be lower than the allowable upper limit 
temperature To. According to the present embodiment, the 
temperature sensing portion 12a is arranged at a point where 
the temperature of the heat medium 6 is likely to become 
high. Accordingly, deterioration of the property of the heat 
medium 6 in the entire Solar heat collecting system can be 
prevented. 
I0081. According to the present embodiment, the tempera 
ture sensing portions 12a are arranged considering a case 
where the flow rate of the heat medium 6 is low so that 
deterioration of the property of the heat medium 6 can be 
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prevented not only in the case where the flow rate of the heat 
medium 6 is low but also in a case where the flow rate of the 
heat medium 6 is high. The reason for this is that when the 
flow rate of the heat medium 6 is high, the temperature 
distribution of the heat medium 6 is nearly uniform com 
pared with the case where the flow rate of the heat medium 
6 is low. 

0082 FIG. 5 is a sectional view illustrating a structure of 
the heat collector 1 in a modification of the first embodi 
ment. FIG. 5 illustrates a section parallel to the pipe axis 
direction (Y direction) of the heat collecting pipe 2. 
0083. The temperature sensing portion 12a in the present 
modification is arranged not in the region R in the second 
portion 2b but in the region R in the third portion 2c. Also 
in this case, the temperature sensing portion 12a is prefer 
ably arranged in the vicinity of the boundary E. between the 
second portion 2b and the third portion 2c. 
0084 Arrangement of the temperature sensing portion 
12a in the third portion 2c has an advantage of higher safety 
because increase in the temperature of the heat medium 6 
can be detected at a further upstream-side position, that is, 
a position where the temperature is lower, compared with 
arrangement of the temperature sensing portion 12a in the 
second portion 2b. On the other hand, arrangement of the 
temperature sensing portion 12a in the second portion2b has 
an advantage of easy manufacturing of the temperature 
sensor 12, compared with arrangement of the temperature 
sensing portion 12a in the third portion 2c. When the 
temperature sensing portion 12a is arranged on the boundary 
E, the above both advantages can be provided. Even when 
the heat reserving material 8 Surrounds the second portion 
2b, the temperature of the heat medium 6 is decreased 
slightly in the second portion 2b. Accordingly, a risk in 
detection at the boundary E is less than that in detection at 
a position downstream of the boundary E. 
0085. As described above, the temperature sensors 12 in 
the present embodiment measure the temperature of the heat 
medium 6, at the positions located upstream of the initial 
bent portions 11b of the pipe 11 in the regions where the pipe 
11 extends from the heat collector 1 toward the heater 14. 
Therefore, in the present embodiment, the temperature of the 
heat medium 6 is measured before the heat medium 6 is 
stirred at the initial bent portions 11b and it can be detected 
that the temperature of the heat medium 6 becomes high 
locally. According to the present embodiment, heating of the 
heat medium 6 is controlled in accordance with the detection 
result and deterioration of the property of the heat medium 
6 can be effectively prevented. 
I0086. When the temperature of the heat medium 6 mea 
sured by one of the temperature sensors 12 exceeds the 
allowable upper limit temperature To the controller 15 in the 
present embodiment may stop the tracking operation of only 
the reflecting mirrors 3 of the corresponding heat collecting 
pipe 2 where the relevant temperature sensor 12 is arranged 
and set the above reflecting mirrors 3 to face directions not 
to condense the reflected lights S to the heat collecting pipe 
2, or may stop the tracking operation of all the reflecting 
mirrors 3 in the solar heat collecting system and set all the 
reflecting mirrors 3 to face directions not to condense the 
reflected lights S to the heat collecting pipe 2. The reason 
for performing the latter control is that when the temperature 
of the heat medium 6 in one of the heat collecting pipes 2 is 
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high, it is predicted that the temperature of the heat medium 
6 in the other heat collecting pipes 2 is also high at the same 
degree. 
I0087. In the present embodiment, all the heat collecting 
pipes 2 have the respective temperature sensors 12. How 
ever, only one of the heat collecting pipes 2 may have the 
temperature sensor 12. In this case, when the temperature of 
the heat medium 6 measured by the temperature sensor 12 
exceeds the allowable upper limit temperature To the con 
troller 15 in the present embodiment stops the tracking 
operations of all the reflecting mirrors 3 in the solar heat 
collecting system and sets the reflecting mirrors 3 to face 
directions not to condense the reflected lights S to the heat 
collecting pipes 2. 
I0088 A configuration in which only one of the heat 
collecting pipes 2 includes the temperature sensor 12 has an 
advantage that the manufacturing cost of the Solar heat 
collecting system is low. On the other hand, a configuration 
in which all the heat collecting pipes 2 have the respective 
temperature sensors 12 has an advantage that the tempera 
ture of the heat medium 6 can be controlled precisely to 
provide high safety. In the present embodiment, Some of the 
heat collecting pipes 2, which may be two or more pipes, 
may have the respective temperature sensors 12. 
I0089. The pipe 11 in the present embodiment branches to 
the plurality of branch pipes 11a. However, the pipe 11 may 
have a shape without a branch. Furthermore, the solar heat 
collecting system in the present embodiment may be a 
Fresnel type or a tower type. 

Second Embodiment 

0090 FIG. 6 is a schematic diagram illustrating a con 
figuration of a Solar heat collecting system of a second 
embodiment. 

0091. The controller 15 in the present embodiment con 
trols heating of the heat medium 6 in accordance with the 
temperature of the heat medium 6 measured by the tem 
perature sensors 12, similarly to the first embodiment. 
However, as illustrated in FIG. 6, the controller 15 in the 
present embodiment changes the flow rate of the heat 
medium 6 flowing through the pipe 11 and controls the 
heating amount of the heat medium 6 per unit flow rate. The 
flow rate of the heat medium 6 can be controlled by 
adjustment of the output of the pump 13. 
0092. More specifically, when the measured temperature 
of the heat medium 6 is lower than the allowable upper limit 
temperature T, the controller 15 adjusts the flow rate of the 
heat medium 6 to a first flow rate. On the other hand, when 
the measured temperature of the heat medium 6 is higher 
than the allowable upper limit temperature To the controller 
15 adjusts the flow rate of the heat medium 6 to a second 
flow rate that is higher than the first flow rate. 
0093. In this way, when the measured temperature of the 
heat medium 6 increases from a temperature lower than the 
allowable upper limit temperature To to a temperature higher 
than To the controller 15 increases the flow rate of the heat 
medium 6. As a result, even when the heating amount of the 
heat medium 6 by the heat collector 1 remains the same, the 
heating amount of the heat medium 6 per unit flow rate 
decreases by the increased amount of the flow rate of the 
heat medium 6. Consequently, the temperature of the heat 
medium 6 decreases. When the measured temperature of the 
heat medium 6 decreases from a temperature higher than To 
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to a temperature lower than To the controller 15 decreases 
the flow rate of the heat medium 6. 
0094. The temperature sensor 12 measures the tempera 
ture of the heat medium 6 and outputs a first signal including 
the measured temperature of the heat medium 6 to the 
controller 15. The controller 15 receives the first signal from 
the temperature sensor 12 and outputs a second signal to 
control the heating amount of the heat medium 6 per unit 
flow rate to the pump 13 in accordance with the temperature 
of the heat medium 6 included in the first signal. The second 
signal in the present embodiment includes a command of the 
output of the pump 13. The controller 15 may be connected 
with the pump 13 via one or more devices that process the 
Second signal. 
0095. The temperature sensors 12 in the present embodi 
ment measure the temperature of the heat medium 6 flowing 
from the heat collector 1 toward the heater 14 at the 
positions located upstream of the initial bent portions 11b of 
the pipe 11, similarly to the first embodiment. Therefore, in 
the present embodiment, the temperature of the heat medium 
6 is measured before the heat medium 6 is stirred at the 
initial bent portions 11b so that it can be detected that the 
temperature of the heat medium 6 locally becomes high. 
Consequently, according to the present embodiment, heating 
of the heat medium 6 is controlled by flow rate adjustment 
in accordance with the above detection result so that dete 
rioration of the property of the heat medium 6 can be 
prevented efficiently. 
0096 Temperature control of the heat medium 6 by flow 
rate adjustment has an advantage that the temperature of the 
heat medium 6 can be decreased in a shorter time generally, 
compared with temperature control of the heat medium 6 by 
stop of tracking the Sun and control of the directions of the 
reflecting mirrors 3. The reason for this is that the reflecting 
mirrors 3 are generally not rotated and driven at a high 
speed. 
0097. On the other hand, temperature control of the heat 
medium 6 by stop of tracking the Sun and control of the 
directions of the reflecting mirrors 3 has an advantage that 
a degree of decline in the temperature of the heat medium 6 
generally becomes large, compared with temperature control 
of the heat medium 6 by flow rate adjustment. 
0098. The flow rate of the heat medium 6 in the present 
embodiment may be controlled by adjustment of an opening 
degree of a valve (not illustrated) on the pipe 11, for 
example, instead of adjustment of the output of the pump 13. 
0099. The pipe 11 in the present embodiment branches to 
the plurality of branch pipes 11a. However, the pipe 11 may 
have a shape without a branch. The Solar heat collecting 
system in the present embodiment may be a Fresnel type or 
a tower type. 
0100. A solar heat collecting system may include both a 
configuration capable of performing the control in the first 
embodiment and a configuration capable of performing the 
control in the second embodiment. In this case, this Solar 
heat collecting system can provide the advantages of the 
both embodiments. 
0101 While certain embodiments have been described, 
these embodiments have been presented by way of example 
only, and are not intended to limit the scope of the inven 
tions. Indeed, the novel systems, apparatuses and methods 
described herein may be embodied in a variety of other 
forms; furthermore, various omissions, Substitutions and 
changes in the form of the systems, apparatuses and methods 
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described herein may be made without departing from the 
spirit of the inventions. The accompanying claims and their 
equivalents are intended to cover Such forms or modifica 
tions as would fall within the scope and spirit of the 
inventions. 

1. A Solar heat collecting system comprising: 
a heat collector configured to heat a heat medium by a 

Sunray, 
a heater configured to heat a heating target fluid by the 

heat medium; 
a heat medium pipe configured to circulate the heat 

medium between the heat collector and the heater; 
a temperature sensor configured to measure a temperature 

of the heat medium flowing from the heat collector 
toward the heater, at a position located upstream of an 
initial bent portion of the heat medium pipe in a region 
where the heat medium pipe extends from the heat 
collector toward the heater; and 

a controller configured to control heating of the heat 
medium in accordance with the temperature of the heat 
medium measured by the temperature sensor. 

2. The system of claim 1, wherein 
the heat collector includes a heat collecting pipe that 

configures a part of the heat medium pipe, and a 
reflecting mirror configured to condense the Sunray to 
heat the heat medium in the heat collecting pipe, and 

the controller controls the heating of the heat medium by 
rotating and driving the reflecting mirror. 

3. The system of claim 2, wherein 
the controller controls the heat collector so that the 

reflecting mirror tracks the Sun, when the temperature 
of the heat medium measured by the temperature sensor 
is lower than a predetermined upper limit temperature, 
and 

the controller controls the heat collector so that the 
reflecting mirror stops tracking the Sun and the reflect 
ing mirror is set to face a direction not to condense the 
Sunray to the heat collecting pipe, when the tempera 
ture of the heat medium measured by the temperature 
sensor is higher than the upper limit temperature. 

4. The system of claim 1, wherein the controller controls 
a heating amount of the heat medium per unit flow rate by 
changing a flow rate of the heat medium flowing through the 
heat medium pipe. 

5. The system of claim 4, wherein 
the controller adjusts the flow rate of the heat medium to 

a first flow rate, when the temperature of the heat 
medium measured by the temperature sensor is lower 
than a predetermined upper limit temperature, and 

the controller adjusts the flow rate of the heat medium to 
a second flow rate that is higher than the first flow rate, 
when the temperature of the heat medium measured by 
the temperature sensor is higher than the upper limit 
temperature. 

6. The system of claim 1, wherein the controller decreases 
a heating amount of the heat medium per unit flow rate to be 
smaller than that in a case where the temperature of the heat 
medium is lower than a predetermined upper limit tempera 
ture, when the temperature of the heat medium measured by 
the temperature sensor is higher than the upper limit tem 
perature. 

7. The system of claim 1, wherein 
the heat medium pipe includes a first portion covered with 

a transparent tube, and a second portion covered with 
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a heat reserving material, positioned downstream of the 
first portion and positioned upstream of the initial bent 
portion, and 

the temperature sensor measures the temperature of the 
heat medium in the second portion. 

8. The system of claim 1, wherein 
the heat medium pipe includes a first portion covered with 

a transparent tube, and a second portion covered with 
a heat reserving material, positioned downstream of the 
first portion and positioned upstream of the initial bent 
portion, and a third portion positioned between the first 
portion and the second portion, and 

the temperature sensor measures the temperature of the 
heat medium in the second portion, in the third portion, 
or on a boundary between the second portion and the 
third portion. 

9. The system of claim 1, wherein the temperature sensor 
measures the temperature of the heat medium at the position 
that is nearer to the reflecting mirror than a center axis of the 
heat collecting pipe. 

10. A method of controlling a solar heat collecting system 
comprising: 

a heat collector configured to heat a heat medium by a 
Sunray, 

a heater configured to heat a heating target fluid by the 
heat medium; and 

a heat medium pipe configured to circulate the heat 
medium between the heat collector and the heater; 
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the method comprising: 
measuring a temperature of the heat medium flowing from 

the heat collector toward the heater, at a position 
located upstream of an initial bent portion of the heat 
medium pipe in a region where the heat medium pipe 
extends from the heat collector toward the heater; and 

controlling heating of the heat medium in accordance with 
the temperature of the heat medium measured at the 
position located upstream of the initial bent portion. 

11. An apparatus of controlling a Solar heat collecting 
system comprising: 

a heat collector configured to heat a heat medium by a 
Sunray, 

a heater configured to heat a heating target fluid by the 
heat medium; and 

a heat medium pipe configured to circulate the heat 
medium between the heat collector and the heater; 

the apparatus comprising: 
a first signal outputting module configured to measure a 

temperature of the heat medium flowing from the heat 
collector toward the heater, at a position located 
upstream of an initial bent portion of the heat medium 
pipe in a region where the heat medium pipe extends 
from the heat collector toward the heater, and to output 
a first signal including the measured temperature of the 
heat medium; and 

a second signal outputting module configured to output a 
second signal to control heating of the heat medium, in 
accordance with the temperature of the heat medium 
included in the first signal. 
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