
(12) STANDARD PATENT (11) Application No. AU 2016200464 B2 
(19) AUSTRALIAN PATENT OFFICE 

(54) Title 
Solar heat collecting system 

(51) International Patent Classification(s) 
F24S 50/00 (2018.01) H02S 99/00 (2014.01) 
F24S 50/80 (2018.01) 

(21) Application No: 2016200464 (22) Date of Filing: 2016.01.27 

(30) Priority Data 

(31) Number (32) Date (33) Country 
2015-056449 2015.03.19 JP 

(43) Publication Date: 2016.10.06 
(43) Publication Journal Date: 2016.10.06 
(44) Accepted Journal Date: 2018.02.01 

(71) Applicant(s) 
Kabushiki Kaisha Toshiba 

(72) Inventor(s) 
Goto, Koichi;Takahata, Kazuo;Kosuga, Takahiro 

(74) Agent / Attorney 
Shelston IP Pty Ltd., Level 21, 60 Margaret Street, Sydney, NSW, 2000, AU 

(56) Related Art 
JP 2012-002442 A



ABSTRACT 

In one embodiment, a solar heat collecting system includes a heat 

collector (1) configured to heat a heat medium (11) by a sunray, a 

5 heating device (4, 7) configured to heat a heat utilizing fluid by 

heat of the heat medium (11), and a heat medium flow path (3) 

configured to circulate the heat medium (11) between the heat 

collector (1) and the heating device (4, 7). The system further 

includes a controller (32) configured to control circulation of the 

10 heat medium (11) in the heat collector (1) in accordance with 

an amount of solar radiation of the sunray, or in accordance 

with a temperature difference between a first temperature of 

the heat medium (11) at a first position and a second 

temperature of the heat medium (11) at a second position 

15 located downstream of the first position with respect to the heat 

medium (11).
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SOLAR HEAT COLLECTING SYSTEM 

FI ELD 

Embodiments described herein relate to a solar heat 

5 collecting system.  

BACKGROUND 

Any discussion of the prior art throughout the specification 

should in no way be considered as an admission that such prior art 

10 is widely known or forms part of common general knowledge in the 

field.  

FIG. 11 is a schematic diagram showing a first example of a 

configuration of a conventional solar heat collecting system.  

The solar heat collecting system in FIG. 11 includes a heat 

15 collector 1, a pump 2, a heat medium flow path 3, a heater 4, an 

on-off valve 5 and a heat utilizing fluid flow path 6, and collects 

solar heat from sunrays. Arrows X and Y indicate horizontal 

directions that are perpendicular to each other. An arrow Z 

indicates a vertical direction.  

20 A heat medium 11 in the heat medium flow path 3 is 

transferred by the pump 2 to flow into the heat collector 1. The 

heat medium 11 is heated by sunrays in the heat collector 1. The 

heated heat medium 11 flows out from the heat collector 1 and 

flows into the heater 4 to heat a heat utilizing fluid 12 in the heater 

25 4 by heat exchange.  

The heat utilizing fluid 12 flowing out from the heater 4 

flows into a heat utilizing destination (not illustrated) through the 

heat utilizing fluid flow path 6. An example of the heat utilizing 

destination is a heat utilizing facility. For example, when the heat 

30 utilizing destination is a hot water supply facility, water as the heat 

utilizing fluid 12 is heated in the heater 4 and supplied as hot water.  

Another example of the heat utilizing destination is a power 

generation facility. For example, when the heat utilizing 

destination is a turbine power generation facility of a Rankine cycle, 

35 a turbine operating medium as the heat utilizing fluid 12 is heated 

in the heater 4. Another example of the heat utilizing destination
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is a water treatment facility. For example, when the heat utilizing 

destination is a seawater desalination facility, seawater as the heat 

utilizing fluid 12 is heated in the heater 4.  

Heat of the heat utilizing fluid 12 is utilized by the heat 

5 utilizing destination, so that the temperature of the heat utilizing 

fluid 12 decreases and the heat utilizing fluid 12 then flows out 

from the heat utilizing destination. In this way, the heat utilizing 

fluid 12 circulates between the heater 4 and the heat utilizing 

destination via the heat utilizing fluid flow path 6. The heat 

10 utilizing fluid flow path 6 is provided with the on-off valve 5. On 

the other hand, heat of the heat medium 11 is utilized by the 

heater 4, so that the temperature of the heat medium 11 

decreases and the heat medium 11 then flows out from the heater 

4. In this way, the heat medium 11 circulates between the heat 

15 collector 1 and the heater 4 via the heat medium flow path 3.  

FIGS. 12 and 13 are a perspective view and a sectional view 

showing a structure of the conventional heat collector 1.  

Types of the heat collector 1 include a concentration type 

and a non-concentration type. Examples of the concentration-type 

20 heat collector 1 include a trough type, a Fresnel type and a tower 

type. FIGS. 12 and 13 illustrate an example of the trough-type 

heat collector 1.  

As illustrated in FIG. 13, the heat collector 1 includes a 

reflecting mirror 21, a heat collecting pipe 22, a support 23 and a 

25 glass pipe 24, and is provided on the ground G.  

The reflecting mirror 21 has a curved shape that is long in a 

horizontal direction. A section perpendicular to the longitudinal 

direction of the reflecting mirror 21 is a parabola. The heat 

collector 1 rotates and drives the reflecting mirror 21 so as to make 

30 an axis K (a straight line connecting a focal point and an apex) of 

the parabola parallel to the sunrays Si. That is, the reflecting 

mirror 21 tracks the sun according to the altitude of the sun.  

Reference character S2 denotes a reflected light of sunray Si 

reflected by the reflecting mirror 21.  

35 The heat collecting pipe 22 is arranged at the focal point of 

the parabola. The heat collector 1 may adjust the rotation center
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of the reflecting mirror 21 to the focal point of the parabola or may 

adjust the rotation center of the reflecting mirror 21 to a point 

different from the focal point. In FIG. 13, the rotation center is 

the end of the support 23 and the reflecting mirror 21 rotates in a 

5 direction of an arrow A1 . The reflecting mirror 21 has a structure 

connected and integrated with the heat collecting pipe 22. The 

heat collecting pipe 22 rotates in a direction of an arrow A2 in 

response to the rotation of the reflecting mirror 21 in the arrow A1 .  

The rotation center of the heat collecting pipe 22 is same as that of 

10 the reflecting mirror 21. Accordingly, from a viewpoint of a phase 

in the peripheral direction of the heat collecting pipe 22, rotation of 

the reflecting mirror 21 has no influence in a surface area of the 

heat collecting pipe 22 that is nearest to the reflecting mirror 21.  

FIG. 14 is an enlarged sectional view showing the structure 

15 of the conventional heat collector 1.  

The heat collecting pipe 22 is a pipe arranged in parallel 

with the horizontal axes of the reflecting mirrors 21. The sunrays 

S1 are reflected by the reflecting mirrors 21 to become the 

reflected lights S2 and the reflected lights S2 are concentrated to 

20 the heat collecting pipe 22. The heat medium 11 flows through 

the heat collecting pipe 22. The heat medium 11 flows in from 

one end of the heat collecting pipe 22 and flows out from the other 

end of the heat collecting pipe 22.  

Only a portion of the heat collecting pipe 22 where the 

25 reflected lights S2 are concentrated is in the transparent glass pipe 

24. The heat collecting pipe 22 is a metal pipe, for example. A 

space between the heat collecting pipe 22 and the glass pipe 24 is 

preferably a vacuum 13. However, air may exist between the heat 

collecting pipe 22 and the glass pipe 24 depending on a sealing 

30 structure between the heat collecting pipe 22 and the glass pipe 24.  

The heat medium 11, which is oil, for example, is heated by the 

concentrated reflected lights S2 .  
FIG. 15 is a schematic diagram showing a second example 

of the configuration of the conventional solar heat collecting system.  

35 In the descriptions on FIG. 15, descriptions on the components 

same as those in the first example are omitted.
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The solar heat collecting system in FIG. 15 includes a heat 

storage tank 7 instead of the heater 4. The solar heat collecting 

system in FIG. 15 further includes an on-off valve 8 that is 

provided with the heat utilizing fluid flow path 6 in the vicinity of 

5 the exit of the heat storage tank 7 in addition to the on-off valve 5 

that is provided with the heat utilizing fluid flow path 6 in the 

vicinity of the entrance of the heat storage tank 7.  

During a heat storage operation, the heat medium 11 in the 

heat medium flow path 3 is transferred by the pump 2 to flow into 

10 the heat collector 1. The heat medium 11 is heated by sunrays in 

the heat collector 1. The heated heat medium 11 flows out from 

the heat collector 1 into the heat storage tank 7 and heats a heat 

storable substance 14 in the heat storage tank 7 by heat exchange.  

At that time, the on-off valves 5 and 8 are closed and the heat 

15 utilizing fluid 12 does not circulate.  

During a heat utilizing operation, the on-off valves 5 and 8 

are opened. As a result, the heat utilizing fluid 12 in the heat 

utilizing fluid flow path 6 flows into the heat storage tank 7 and is 

heated by heat exchange with the heat storable substance 14. In 

20 this way, heat of the heat medium 11 in the present system is 

given to the heat utilizing fluid 12 via the heat storable substance 

14. The heat utilizing fluid 12 flowing out from the heat storage 

tank 7 flows into a heat utilizing destination (not illustrated). Heat 

of the heat utilizing fluid 12 is utilized by the heat utilizing 

25 destination, the temperature of the heat utilizing fluid 12 decreases, 

and the heat utilizing fluid 12 flows out from the heat utilizing 

destination. At that time, the pump 2 stops and the heat medium 

11 does not circulate.  

FIG. 16 is a schematic diagram showing a third example of 

30 the configuration of the conventional solar heat collecting system.  

In the descriptions on FIG. 16, descriptions on the components 

same as those in the first and second examples are omitted.  

Similarly to the solar heat collecting system in FIG. 15, the 

solar heat collecting system in FIG. 16 includes the heat storage 

35 tank 7 and the on-off valve 8. However, the heat storage tank 7 in 

FIG. 16 includes no heat storable substance 14.
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During a heat storage operation, the heat medium 11 in the 

heat medium flow path 3 is transferred by the pump 2 to flow into 

the heat collector 1. The heat medium 11 is heated by sunrays in 

the heat collector 1. The heated heat medium 11 flows out from 

5 the heat collector 1 into the heat storage tank 7 and increases the 

temperature in the heat storage tank 7. At that time, the on-off 

valves 5 and 8 are closed and the heat utilizing fluid 12 does not 

circulate.  

During a heat utilizing operation, the on-off valves 5 and 8 

10 are opened. As a result, the heat utilizing fluid 12 in the heat 

utilizing fluid flow path 6 flows into the heat storage tank 7 and is 

heated by heat exchange with the heat medium 11 in the heat 

storage tank 7. The heat utilizing fluid 12 flowing out from the 

heat storage tank 7 flows into a heat utilizing destination (not 

15 illustrated). Heat of the heat utilizing fluid 12 is utilized by the 

heat utilizing destination, the temperature of the heat utilizing fluid 

12 decreases, and the heat utilizing fluid 12 flows out from the 

heat utilizing destination. At that time, the pump 2 stops and the 

heat medium 11 does not circulate.  

20 FIG. 17 is a schematic diagram illustrating a fourth example 

of the configuration of the conventional solar heat collecting system.  

In the descriptions on FIG. 17, descriptions on the components 

same as those in the first to third examples are omitted.  

The heat collector 1 in FIG. 17 is a non-concentration type 

25 and does not track the sun. The solar heat collecting system in 

FIG. 17 is a hot water supply system with the heat collector 1 

installed on a rooftop of a house.  

During a heat storage operation, the heat medium 11 in the 

heat medium flow path 3 is transferred by the pump 2 to flow into 

30 the heat collector 1. The heat medium 11 is antifreeze, for 

example. The heat medium 11 is heated by sunrays in the heat 

collector 1. The heated heat medium 11 flows out from the heat 

collector 1 into the heat storage tank 7 and heats the heat utilizing 

fluid 12 in the heat storage tank 7 by heat exchange. At that time, 

35 the on-off valves 5 and 8 (not illustrated) are closed and the heat 

utilizing fluid 12 does not circulate. The heat utilizing fluid 12 is
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water, for example.  

During a heat utilizing operation, the on-off valves 5 and 8 

are opened. As a result, the heat utilizing fluid 12 in the heat 

storage tank 7 flows out from the heat storage tank 7 into a heat 

5 utilizing destination (not illustrated). Heat of the heat utilizing 

fluid 12 is utilized by the heat utilizing destination, the temperature 

of the heat utilizing fluid 12 decreases, and the heat utilizing fluid 

12 flows out from the heat utilizing destination. At that time, the 

pump 2 stops and the heat medium 11 does not circulate.  

10 

SUMMARY 

One embodiment provides a solar heat collecting system 

com prising: 

a heat collector configured to heat a heat medium by a 

sunray; 

a heating device configured to heat a heat utilizing fluid 

by heat of the heat medium; 

a heat medium flow path configured to circulate the heat 

medium between the heat collector and the heating device; and 

a controller configured to control circulation of the heat 

medium in the heat collector in accordance with an amount of 

solar radiation of the sunray, or in accordance with a 

15 temperature difference between a first temperature of the heat 

medium at a first position and a second temperature of the heat 

medium at a second position located downstream of the first 

position with respect to the heat medium.  

One embodiment provides a solar heat collecting system 

com prising: 

a heat collector including one or more heat collecting 

modules configured to heat a heat medium by a sunray; 

a heating device configured to heat a heat utilizing fluid 

by heat of the heat medium; and 

a heat medium flow path configured to circulate the heat 

medium between the heat collector and the heating device; 

the system further comprising a controller configured to 

control circulation of the heat medium in the heat collector in
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accordance with an amount of direct solar radiation of the 

sunray, or in accordance with a temperature difference between 

a first temperature of the heat medium at a first position 

located in a vicinity of a heat medium entrance of one of the 

heat collecting modules and a second temperature of the heat 

medium at a second position located in a vicinity of a heat 

medium exit of one of the heat collecting modules located 

downstream of the first position with respect to the heat 

medium, 

wherein 

the controller stops the circulation of the heat medium in 

all or part of the heat collector, when the amount of direct solar 

radiation is smaller than a predetermined value, when a time 

period in which the amount of direct solar radiation is smaller 

than the predetermined value lasts longer than the 

predetermined time, when the temperature difference is smaller 

than a predetermined value, or when a time period in which the 

temperature difference is smaller than the predetermined value 

lasts longer than predetermined time, 

or wherein 

the controller restarts the circulation of the heat medium in 

accordance with the amount of direct solar radiation or the 

temperature difference, when the circulation of the heat 

medium in all or part of the heat collector stops.  

5 Unless the context clearly requires otherwise, throughout 

the description and the claims, the words "comprise", "comprising", 

and the like are to be construed in an inclusive sense as opposed to 

an exclusive or exhaustive sense; that is to say, in the sense of 

"including, but not limited to".  

10 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic view showing a configuration of a solar 

heat collecting system of a first embodiment; 

FIG. 2A and 2B are graphs showing an example of an 

15 amount of direct solar radiation and an amount of acquired heat in 

the solar heat collecting system of the first embodiment;
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FIG. 3 is a schematic view showing a configuration of a solar 

heat collecting system of a second embodiment; 

FIG. 4 is a schematic view showing a configuration of a solar 

heat collecting system of a third embodiment; 

5 FIGS. 5A and 5B are graphs showing an example of the 

amount of direct solar radiation and the amount of acquired heat in 

a solar heat collecting system of a fourth embodiment; 

FIG. 6 is a schematic view showing a configuration of a solar 

heat collecting system of a sixth embodiment; 

10 FIG. 7 is a schematic view showing a configuration of a solar 

heat collecting system of a ninth embodiment; 

FIG. 8 is a sectional view for explaining the operation of a 

heat collector of a thirteenth embodiment; 

FIG. 9 is a sectional view for explaining the operation of a 

15 heat collector of a fourteenth embodiment; 

FIG. 10 is a sectional view for explaining the operation of a 

heat collector of a fifth embodiment; 

FIG. 11 is a schematic diagram showing a first example of a 

configuration of a conventional solar heat collecting system; 

20 FIG. 12 is a perspective view showing a structure of a 

conventional heat collector; 

FIG. 13 is a sectional view showing the structure of the 

conventional heat collector; 

FIG. 14 is an enlarged sectional view showing the structure 

25 of the conventional heat collector; 

FIG. 15 is a schematic diagram showing a second example 

of the configuration of the conventional solar heat collecting 

system; 

FIG. 16 is a schematic diagram showing a third example of 

30 the configuration of the conventional solar heat collecting system; 

FIG. 17 is a schematic diagram showing a fourth example of 

the configuration of the conventional solar heat collecting system; 

FIGS. 18A and 18B are graphs showing a first example of 

the amount of direct solar radiation and an amount of collected 

35 heat in the conventional solar heat collecting system; 

FIGS. 19A and 19B are graphs showing a second example of
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the amount of direct solar radiation and the amount of collected 

heat in the conventional solar heat collecting system; and 

FIGS. 20A and 20B are graphs showing a third example of 

the amount of direct solar radiation and the amount of collected 

5 heat in the conventional solar heat collecting system.  

DETAI LED DESCRI PTI ON 

Embodiments will now be explained with reference to the 

accompanying drawings.  

10 FIGS. 18A and 18B are graphs showing a first example of an 

amount of direct solar radiation and an amount of collected heat in 

the conventional solar heat collecting system.  

FIG. 18A shows an example of change in the amount of 

direct solar radiation with time in the vicinity of the heat collector 1.  

15 The amount of direct solar radiation is an amount of heat received 

per unit time and per unit area by a plane whose normal line is 

parallel to an incident direction of sunrays.  

FIG. 18B shows change in the amount of collected heat by 

the heat collector 1 with time with respect to the amount of direct 

20 solar radiation in FIG. 18A. The amount of collected heat in FIG.  

18B shows the amount of collected heat that the heat medium 11 

in the vicinity of the exit of the heat collector 1 has collected from 

the entrance to the exit of the heat collector 1 from sunrays.  

During the time indicated by the abscissa in FIG. 18B, change in 

25 incident angles of sunrays to the heat collector 1 can be ignored.  

In FIG. 18A, the sun is behind a cloud from time t1 to time 

t3 , and the sun appears from a cloud before time t1 and after time 

t3 . Time t 2 is a time between time t1 to time t3 . Time t 4 is a time 

after time t3 . When the sun disappears behind a cloud at time t1 , 

30 the amount of direct solar radiation drops suddenly to reach zero.  

When the sun appears from a cloud at time t 3 , the amount of direct 

solar radiation rises suddenly to return to the value before the time 

ti.  

In FIG. 18B, when the amount of direct solar radiation 

35 becomes zero at time t 1 , the amount of collected heat gently 

decreases to be a negative value from time t1 . The reason why
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the amount of collected heat gently decreases is that the heat 

medium 11 flowing out from the heat collector 1 is heated by 

sunrays before time ti. Time t5 represents a time when the 

amount of collected heat reaches zero. Time t6 represents an 

5 example of a time when the amount of collected heat is a negative 

value. When the amount of direct solar radiation becomes a value 

other than zero at time t 3 , the amount of collected heat gently 

increases from time t 3 to return to the value before time t1 . The 

reason why the amount of collected heat gently increases is that 

10 the heat medium 11 flowing out from the heat collector 1 is not 

heated by sunrays before time t 3.  

The amount of collected heat by the heat collector 1 is a 

value obtained by subtracting an amount of radiation from the heat 

collector 1 to the air from an amount of received heat from sunrays.  

15 In a time period when the amount of collected heat is a negative 

value, the amount of direct solar radiation and the amount of 

received heat are zero but the amount of radiation is not zero. As 

a result, the amount of collected heat in this time is negative.  

FIGS. 19A and 19B are graphs showing a second example of 

20 the amount of direct solar radiation and the amount of collected 

heat in the conventional solar heat collecting system. FIG. 19A 

shows an example of change in the amount of direct solar radiation 

with time in the vicinity of the heat collector 1. FIG. 19B shows 

change in the amount of collected heat by the heat collector 1 with 

25 time with respect to the amount of direct solar radiation in FIG.  

19A.  

In FIG. 19A, the sun repeatedly appears from a cloud and 

disappears behind a cloud from time t1 to time t 3 . For example, 

the sun is behind a cloud from time t1 to time t 2 and appears from 

30 the cloud again at time t 2 . Accordingly, a time period in which the 

amount of direct solar radiation remains zero is shorter than that in 

FIG. 18A. Since the amount of direct solar radiation gently 

decreases, an integrated amount of collected heat is a positive 

value from time t1  to time t 2 . This is repeated multiple times 

35 between time t1 and time t2 . Consequently, the integrated amount 

of collected heat from time t1 to time t 3 is a positive value.
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FIGS. 20A and 20B are graphs showing a third example of 

the amount of direct solar radiation and the amount of collected 

heat in the conventional solar heat collecting system. FIG. 20A 

shows an example of change in the amount of direct solar radiation 

5 with time in the vicinity of the heat collector 1. FIG. 20B shows 

change in the amount of collected heat by the heat collector 1 with 

time with respect to the amount of direct solar radiation in FIG.  

20A.  

In FIG. 20A, the sun repeatedly appears from a cloud and 

10 disappears behind a cloud from time t1 to time t 3 . The repetition 

frequency of the appearance and disappearance is higher than that 

in FIG. 19A. A time period in which the amount of direct solar 

radiation remains zero is shorter than those in FIGS. 18A and 19A.  

As a result, from time t1 to time t 3 , the amount of collected heat is 

15 smaller than that before time t1 but does not reach a negative 

value.  

On the basis of the descriptions of FIGS. 18A and 18B to 

20A and 20B, an amount of direct solar radiation and an amount of 

collected heat in a conventional solar heat collecting system will be 

20 described.  

In a time period in which the amount of collected heat by 

the heat collector 1 is a negative value, the amount of radiation is 

larger than the amount of received heat. As such a time period is 

longer, an integrated amount of collected heat by the heat collector 

25 1 from sunrise to sunset decreases. Further, power consumed by 

the pump 2 in this time period is wasted. Accordingly, as this time 

period in the solar heat collecting system is longer, an amount of 

acquired energy, which is obtained by subtracting an energy 

consumption amount from an energy amount acquired from 

30 sunrays, considerably decreases.  

When the solar heat collecting system includes the heat 

storage tank 7 as in FIGS. 15 to 17, variation in the amount of 

collected heat is large in a view point of a time or a variation width 

but variation in the amount of heat to heat the heat utilizing fluid 

35 12 in the storage tank 7 is small and is generally kept not to 

reach a negative value. However, in a time period in which the
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amount of collected heat is a negative value, no heat is supplied 

to the heat storage tank 7, and further, heat is radiated from 

the surface of the heat collector 1 to the air. Accordingly, as 

such a time period is longer, the amount of stored heat in the 

5 heat storage tank 7 from sunrise to sunset decreases. Further, 

power consumed by the pump 2 in this period is wasted. As 

such a time period in the solar heat collecting system is longer, 

the amount of acquired energy in the solar heat collecting 

system considerably decreases.  

10 In FIGS. 1 to 10, components same as or similar to those in 

FIGS. 11 to 20 are denoted by same reference characters as those 

in FIGS. 11 to 20, and descriptions overlapping with those in FIGS.  

11 to 20 are omitted.  

In one embodiment, a solar heat collecting system includes 

15 a heat collector configured to heat a heat medium by a sunray, a 

heating device configured to heat a heat utilizing fluid by heat of 

the heat medium, and a heat medium flow path configured to 

circulate the heat medium between the heat collector and the 

heating device. The system further includes a controller 

20 configured to control circulation of the heat medium in the heat 

collector in accordance with an amount of solar radiation of the 

sunray, or in accordance with a temperature difference between 

a first temperature of the heat medium at a first position and a 

second temperature of the heat medium at a second position 

25 located downstream of the first position with respect to the heat 

medium.  

(First Embodiment) 

FIG. 1 is a schematic view showing a configuration of a solar 

heat collecting system of a first embodiment.  

30 Similarly to the system in FIG. 16, the solar heat collecting 

system in FIG. 1 includes the heat collector 1, the pump 2, the 

heat medium flow path 3, the on-off valve 5, the heat utilizing 

fluid flow path 6, the heat storage tank 7 and the on-off valve 8.  

The storage tank 7 in the present embodiment corresponds to 

35 the storage tank 7 in FIG. 16. However, the storage tank 7 in 

the present embodiment may be replaced with the heater 4 in
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FIG. 11, the heat storage tank 7 in FIG. 15, or the heat storage 

tank 7 in FIG. 17. Each of the heater 4 and the heat storage 

tanks 7 is an example of a heating device. The heat collector 1 

in the present embodiment may be a concentration type or may 

5 be a non-concentration type. The heat collector 1 in the present 

embodiment is a trough type, for example. The solar heat 

collecting system in FIG. 1 further includes a direct solar 

radiation meter 31 and a controller 32.  

The direct solar radiation meter 31 is arranged at a 

10 position at which the amount of direct solar radiation from 

sunrays can be measured, for example, at a position in the 

vicinity of the heat collector 1. The direct solar radiation meter 

31 measures the amount of direct solar radiation from sunrays 

and transmits the measurement result of the amount of direct 

15 solar radiation to the controller 32.  

The controller 32 controls circulation of the heat medium 11 

in the heat collector 1 in accordance with the amount of direct solar 

radiation received from the direct solar radiation meter 31. For 

example, the controller 32 controls stop of the circulation of the 

20 heat medium 11, restart of the circulation of the heat medium 

11, adjustment of the flow rate of the heat medium 11 and the 

like. The controller 32 in the present embodiment can control 

the circulation of the heat medium 11 by controlling the on/off 

and operation speed of the pump 2. The controller 32 may 

25 further control operations of the heat collector 1, the heat 

storage tank 7, the on-off valves 5 and 8 and the like.  

Hereinafter, operations of the controller 32 in the present 

embodiment will be described.  

The controller 32 continuously monitors an amount of direct 

30 solar radiation using the direct solar radiation meter 31 and 

periodically compares the amount of direct solar radiation with a 

predetermined value that is determined in advance. The 

predetermined value is stored in a memory or storage of the 

controller 32, for example. The predetermined value is 0 W/m 2 or 

35 a value close to 0 W/m 2, for example.  

In the case where the pump 2 operates and the heat
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medium 11 circulates in the heat collector 1, when the amount of 

direct solar heat is larger than the predetermined value, the 

controller 32 continues the operation of the pump 2. Thereby, 

circulation of the heat medium 11 in the heat collector 1 continues.  

5 On the other hand, in the case where the pump 2 operates and the 

heat medium 11 circulates in the heat collector 1, when the 

amount of direct solar heat becomes smaller than the 

predetermined value, the controller 32 stops the pump 2. Thereby, 

circulation of the heat medium 11 in the heat collector 1 stops.  

10 When the amount of direct solar radiation is equal to the 

predetermined value, the controller 32 may continue circulation of 

the heat medium 11 or may stop circulation of the heat medium 11.  

However, in the case where the predetermined value is set to 0 

W/m 2 , when the amount of direct solar radiation is equal to the 

15 predetermined value, circulation of the heat medium 11 stops. In 

this case, circulation of the heat medium 11 is continued when the 

amount of direct solar radiation is not 0 W/m 2, circulation of the 

heat medium 11 stops when the amount of direct solar radiation is 

0 W/m 2 

20 In this way, when the amount of direct solar radiation is 

smaller than the predetermined value, the controller 32 stops the 

pump 2 to stop circulation of the heat medium 11 in the heat 

collector 1. Subsequently, the controller 32 continues to monitor 

the amount of direct solar radiation.  

25 In the case where the pump 2 stops and circulation of the 

heat medium 11 stops, when the amount of direct solar radiation is 

smaller than the predetermined value, the controller 32 keeps the 

pump 2 stopped. Thereby, stop of circulation of the heat medium 

11 continues. On the other hand, in the case where the pump 2 

30 stops and circulation of the heat medium 11 is stopped, when the 

amount of direct solar radiation becomes larger than the 

predetermined value, the controller 32 restarts the operation of the 

pump 2. Thereby, circulation of the heat medium 11 in the heat 

collector 1 restarts.  

35 In the present embodiment, the predetermined value for 

restarting the operation of the pump 2 is same as the
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predetermined value for stopping the pump 2. However, these 

values may differ from each other.  

FIG. 2A and 2B are graphs showing an example of the 

amount of direct solar radiation and an amount of acquired heat in 

5 the solar heat collecting system of the first embodiment. FIG. 2A 

shows an example of change in the amount of direct solar radiation 

measured by the direct solar radiation meter 31 with time. A 

solid line in FIG. 2B shows change in the amount of acquired 

heat by the heat collector 1 with time with respect to the 

10 amount of direct solar radiation in FIG. 2A. The amount of 

acquired heat in FIG. 2B shows the amount of heat transferred 

to the exit of the heat collector 1, based on the assumption that 

the heat medium 11 in the heat collector 1 circulates. The total 

amount of acquired heat by the heat medium 11 is identical 

15 with the total amount of heat collected by the heat medium 11 

in the heat collector 1 (shown by a dotted line in FIG. 2B).  

The amount of direct solar radiation in FIG. 2A decreases 

to 0 W/m 2 at time t 1 . Accordingly, when the predetermined 

value is 0 W/m 2, the pump 2 stops at time t1 . Thereafter the 

20 pump 2 is kept stopped until time t 3. On the other hand, the 

amount of direct solar radiation in FIG. 2A increases from 0 

W/m2 at time t 3 . Accordingly, the operation of the pump 2 
restarts at time t 3 .  

When the amount of direct solar radiation becomes zero, the 

25 amount of received heat by the heat collector 1 decreases to zero.  

However, the heat collector 1 radiates heat even when the amount 

of received heat by the heat collector 1 becomes zero. Accordingly, 

when the amount of direct solar radiation becomes zero, the 

amount of acquired heat by the heat collector 1 becomes a 

30 negative value, as shown in FIG. 2B. In FIG. 2B, the amount of 

direct solar radiation becomes zero at time t1 so that the amount of 

acquired heat by the heat collector 1 is a negative value after time 

t5 .  

The above phenomenon can be seen also in FIG. 18B.  

35 However, the absolute value of the negative value in FIG. 2B is 

smaller than that in FIG. 18B. The reason for this is that the pump
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2 stops when the amount of direct solar radiation becomes zero in 

the present embodiment. Since the heat medium 11 is not 

transferred during stop of the pump 2, the amount of heat carried 

out from the heat collector 1 by the heat medium 11 is zero (for 

5 this reason, the amount of collected heat during stop of the pump 

2 is zero). Accordingly, the absolute value of the negative value in 

FIG. 2B is smaller than that in FIG. 18B (the more detailed reason 

will be given later). Therefore, according to the present 

embodiment, an amount of wasted radiation from the heat collector 

10 1 when the amount of direct solar radiation is zero can be reduced.  

In the present embodiment, when the amount of direct solar 

radiation becomes zero, the pump 2 is stopped. If the pump 2 

continues to operate after the amount of direct solar radiation 

becomes zero, the pump 2 operates even in a period when the 

15 amount of collected heat is a negative value. In this case, no 

energy can be acquired from sunrays in this period but the 

operation of the pump 2 consumes power. Accordingly, wasteful 

consumption of energy becomes large and the amount of acquired 

energy in the system considerably decreases. However, according 

20 to the present embodiment, when the amount of direct solar 

radiation becomes zero, the pump 2 is stopped. Accordingly, such 

wasteful consumption of energy can be reduced and decrease in 

the amount of acquired energy in the system can be suppressed.  

When circulation of the heat medium 11 stops, heat transfer 

25 between the inner wall surface of the heat collector 1 and the heat 

medium 11 is not forced-convection heat transfer and the heat 

transfer coefficient between the inner wall surface of the heat 

collector 1 and the heat medium 11 is reduced. Accordingly, when 

circulation of the heat medium 11 stops, an amount of radiation 

30 from the heat medium 11 to the air through the heat collector 1 is 

reduced. As a result, the amount of collected heat from sunrise to 

sunset increases. This also contributes to increase in the amount 

of acquired energy in the present embodiment.  

Circulation of the heat medium 11 may be stopped by a 

35 method other than stop of the pump 2. For example, circulation of 

the heat medium 11 may be stopped by fully closing an on-off
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valve (not illustrated) provided with the heat medium flow path 3.  

In this case, when this on-off valve is opened, circulation of the 

heat medium 11 can restart. The controller 32 controls the 

operation of this on-off valve.  

5 As described above, in the present embodiment, circulation 

of the heat medium 11 in the heat collector 1 is controlled in 

accordance with the amount of solar radiation from sunrays.  

Therefore, according to the present embodiment, decrease in the 

amount of acquired energy in the solar heat collecting system 

10 caused by variation in the amount of collected heat by the heat 

collector 1 can be suppressed.  

(Second Embodiment) 

FIG. 3 is a schematic view showing a configuration of a solar 

heat collecting system of a second embodiment.  

15 The solar heat collecting system in FIG. 3 includes 

thermometers 33 and 34 in addition to the components in FIG. 1.  

However, in FIG. 3, illustration of the direct solar radiation meter 

31, the pump 2, the on-off valve 5, the heat utilizing fluid flow 

path 6, the heat storage tank 7 and the on-off valve 8 is 

20 omitted.  

The thermometer 33 is arranged on the heat medium 

flow path 3 in the vicinity of the entrance of the heat collector 1 

and measures the temperature (an entrance temperature) of 

the heat medium 11 at the entrance of the heat collector 1.  

25 The entrance of the heat collector 1 is an example of a first 

position. The entrance temperature of the heat collector 1 is 

an example of a first temperature. The thermometer 33 

transmits the measurement result of the entrance temperature 

of the heat collector 1 to the controller 32.  

30 The thermometer 34 is arranged on the heat medium 

flow path 3 in the vicinity of the exit of the heat collector 1 and 

measures the temperature (an exit temperature) of the heat 

medium 11 at the exit of the heat collector 1. The exit of the 

heat collector 1 is an example of a second position located 

35 downstream of the first position with respect to the heat 

medium. The exit temperature of the heat collector 1 is an
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example of a second temperature. The thermometer 34 

transmits the measurement result of the exit temperature of the 

heat collector 1 to the controller 32.  

The controller 32 controls circulation of the heat medium 

5 11 in the heat collector 1 in accordance with a temperature 

difference between the entrance temperature received from the 

thermometer 33 and the exit temperature received from the 

thermometer 34. More specifically, when the pump 2 operates 

and the heat medium 11 circulates in the heat collector 1, the 

10 controller 32 stops the pump 2 in accordance with the 

temperature difference to stop circulation of the heat medium 

11. In the present embodiment, the temperature difference is 

a value obtained by subtracting the entrance temperature from 

the exit temperature. When the temperature of the heat 

15 medium 11 increases in the heat collector 1, the temperature 

difference is positive. When the temperature of the heat 

medium 11 decreases in the heat collector 1, the temperature 

difference is negative.  

The controller 32 controls circulation of the heat medium 

20 11 in the heat collector 1 in accordance with the amount of 

direct solar radiation received from the direct solar radiation 

meter 31. More specifically, when the pump 2 stops and 

circulation of the heat medium 11 stops, the controller 32 

restarts the operation of the pump 2 in accordance with the 

25 amount of direct solar radiation to restart circulation of the heat 

medium 11.  

Hereinafter, the operation of the controller 32 in the 

present embodiment will be described.  

The controller 32 continuously monitors the above 

30 temperature difference using the thermometers 33 and 34 and 

periodically compares the temperature difference with a 

predetermined value (a first predetermined value) that is 

determined in advance. The first predetermined difference is 

stored in the memory or storage of the controller 32, for 

35 example. The first predetermined value is 0 C or a value close 

to OC, for example. When the first predetermined value is OC,
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the comparison result between the temperature difference and 

the first predetermined value indicates whether the temperature 

of the heat medium 11 increases or decreases in the heat 

collector 1.  

5 The controller 32 continuously monitors the amount of 

direct solar radiation using the direct solar radiation meter 31 

and periodically compares the amount of direct solar radiation 

with a predetermined value (a second predetermined value).  

Similarly to the first predetermined value, the second 

10 predetermined value is stored in the memory or storage of the 

controller 32, for example. The second predetermined value is 

0 W/m2 or a value close to 0 W/m 2 , for example.  
In the case where the pump 2 operates and the heat 

medium 11 circulates in the heat collector 1, when temperature 

15 difference is larger than the first predetermined value, the 

controller 32 continues the operation of the pump 2. Thereby, 

circulation of the heat medium 11 in the heat collector 1 

continues. On the other hand, in the case where the pump 2 

operates and the heat medium 11 circulates in the heat collector 

20 1, when the temperature difference becomes smaller than the 

first predetermined value, the controller 32 stops the pump 2.  

Thereby, circulation of the heat medium 11 in the heat collector 

1 stops. When the temperature difference is equal to the first 

predetermined value, the controller 32 may continue circulation 

25 of the heat medium 11 or may stop circulation of the heat 

medium 11.  

In this way, when the temperature difference becomes 

smaller than the first predetermined value, the controller 32 

stops the pump 2 to stop circulation of the heat medium 11 in 

30 the heat collector 1. The amount of collected heat by the heat 

collector 1 is generally proportional to the temperature 

difference. For this reason, at a time when the temperature 

difference is OC, the amount of collected heat is zero. Time t5 

in FIGS. 2A and 2B is an example of such a time. When the 

35 predetermined value is 0 W/m 2 in the first embodiment, the 

pump 2 stops at time t1 at which the amount of direct solar
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radiation becomes 0 W/m 2 . On the other hand, when the first 

predetermined value is OC in the second embodiment, the 

pump 2 stops at time t5 at which the temperature difference 

becomes OC and the amount of collected heat becomes zero.  

5 In the case where the pump 2 stops and circulation of the 

heat medium 11 stops, when the amount of direct solar 

radiation is smaller than second predetermined value, the 

controller 32 keeps the pump 2 stopped. Thereby, circulation 

of the heat medium 11 is kept stopped. On the other hand, in 

10 the case where the pump 2 stops and circulation of the heat 

medium 11 stops, when the amount of direct solar radiation 

becomes larger than the second predetermined value, the 

controller 32 restarts the operation of the pump 2. Thereby, 

circulation of the heat medium 11 in the heat collector 1 

15 restarts.  

In this way, in the present embodiment, the temperature 

difference is used for determination to stop the pump 2 and the 

amount of direct solar radiation is used for determination to restart 

the operation of the pump 2. The reason for this is that when the 

20 pump 2 stops, the amount of collected heat from sunrays cannot 

be evaluated from the temperature difference.  

As described above, in the preset embodiment, 

circulation of the heat medium 11 in the heat collector 1 is 

controlled in accordance with the temperature difference 

25 between an entrance temperature and an exit temperature.  

Therefore, according to the present embodiment, as in the first 

embodiment, decrease in the amount of acquired energy in the 

solar heat collecting system caused by variation in the amount 

of collected heat by the heat collector 1 can be suppressed.  

30 In the case shown in FIGS. 20A and 20B, the amount of 

direct solar radiation in FIG. 20A becomes zero multiple times 

while the amount of collected heat in FIG. 20B is kept positive.  

In this case, the pump 2 stops at these times if the solar heat 

collecting system is that of the first embodiment. The stop and 

35 restart of the pump 2 are repeated at short intervals. If the 

stop and restart are repeated many times every day, the
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unfavorable serious deterioration of the pump 2 is caused. In 

contrast, in the solar heat collecting system of the second 

embodiment, the pump 2 does not stop even at these times.  

This is the advantage of the second embodiment. On the other 

5 hand, the first embodiment has an advantage that a time lag 

(for example, a time lag between time t1 and time t 3 ) until the 

amount of direct solar radiation influences the temperature 

difference can be prevented from having an influence on control 

of circulation of the heat medium 11.  

10 (Third Embodiment) 

FIG. 4 is a schematic view showing a configuration of a solar 

heat collecting system of a third embodiment.  

The solar heat collecting system in FIG. 4 includes 

thermometers 35 and 36 in addition to the components in FIG. 3.  

15 However, in FIG. 4, illustration of the direct solar radiation meter 

31, the pump 2, the on-off valve 5, the heat utilizing fluid flow 

path 6, the heat storage tank 7 and the on-off valve 8 is 

omitted.  

The heat collector 1 in the present embodiment includes 

20 first to third heat collecting modules (heat collecting units) la to 1c.  

The first heat collecting module la and the second heat collecting 

module lb are arranged in parallel with each other with respect to 

the heat medium 11. The third heat collecting module 1c is 

arranged in series with the first and second heat collecting modules 

25 la and lb with respect to the heat medium 11. Each of the first to 

third heat collecting modules la to 1c in the present embodiment 

has a same structure as the heat collector 1 illustrated in FIGS. 12 

and 13.  

The first to third heat collecting modules la to 1c are 

30 connected with one another via the heat medium flow path 3.  

The heat medium flow path 3 includes a first flow path 3a 

provided with the first heat collecting module la, a second flow 

path 3b provided with the second heat collecting module 1b, 

and a third flow path 3c provided with the third heat collecting 

35 module 1c. The heat medium flow path 3 branches off into the 

first and second flow paths 3a and 3b. The first and second
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flow paths 3a and 3b join to the third flow path 3c.  

The thermometer 35 is arranged on the first flow path 3a 

in the vicinity of the exit of the first heat collecting module la 

and measures the temperature (a first exit temperature) of the 

5 heat medium 11 at the exit of the first heat collecting module 

1a. The thermometer 35 transmits the measurement result of 

the first exit temperature to the controller 32. The 

temperature (a first entrance temperature) of the heat medium 

11 at the entrance of the heat collecting module la is measured 

10 by the thermometer 33. The first entrance temperature 

corresponds to the entrance temperature of the heat collector 1.  

The thermometer 36 is arranged on the third flow path 3c 

in the vicinity of the entrance of the third heat collecting module 

1c and measures the temperature (a third entrance 

15 temperature) of the heat medium 11 at the entrance of the third 

heat collecting module 1c. The thermometer 36 transmits the 

measurement result of the third entrance temperature to the 

controller 32. The temperature (a third exit temperature) of 

the heat medium 11 at the exit of the third heat collecting 

20 module 1c is measured by the thermometer 34. The third exit 

temperature corresponds to the exit temperature of the heat 

collector 1.  

The controller 32 controls circulation of the heat medium 

11 in the heat collector 1 in accordance with the temperature 

25 difference between the entrance temperature received from the 

thermometer 33 and the exit temperature received from the 

thermometer 34. More specifically, when the pump 2 operates 

and the heat medium 11 circulates in the heat collector 1, the 

controller 32 stops the pump 2 in accordance with this 

30 temperature difference to stop circulation of the heat medium 

11.  

In another embodiment, the controller 32 controls 

circulation of the heat medium 11 in the heat collector 1 in 

accordance with the temperature difference between the first 

35 entrance temperature from the thermometer 33 and the first 

exit temperature from the thermometer 35. In still another
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embodiment, the controller 32 controls circulation of the heat 

medium 11 in the heat collector 1 in accordance with the 

temperature difference between the third entrance temperature 

from the thermometer 36 and the third exit temperature from 

5 the thermometer 34. In these cases, a method of calculating 

the temperature difference and a method of setting the first 

predetermined value may be same as that used when the 

entrance temperature from the thermometer 33 and the exit 

temperature from the thermometer 34 are used.  

10 The controller 32 controls circulation of the heat medium 

11 in the heat collector 1 in accordance with the amount of 

direct solar radiation received from the direct solar radiation 

meter 31. More specifically, when the pump 2 stops and 

circulation of the heat medium 11 stops, the controller 32 

15 restarts the operation of the pump 2 in accordance with the 

amount of direct solar radiation to restart circulation of the heat 

medium 11.  

According to the present embodiment, as in the first and 

second embodiments, decrease in the amount of acquired 

20 energy in the solar heat collecting system can be suppressed.  

The number of the heat collecting modules la to 1c in the 

heat collector 1 in FIG. 4 is three. However, the number may 

be two, four or more.  

25 (Fourth Embodiment) 

A solar heat collecting system of a fourth embodiment has a 

configuration illustrated in FIG. 4.  

When the pump 2 operates and the heat medium 11 

circulates in the heat collector 1, the controller 32 in the present 

30 embodiment stops circulation of the heat medium 11 in accordance 

with the temperature difference between the entrance 

temperature received from the thermometer 33 and the exit 

temperature received from the thermometer 34. The exit 

temperature from the thermometer 34 may be replaced with the 

35 first exit temperature from the thermometer 35. Similarly, the 

entrance temperature from the thermometer 33 may be
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replaced with the third entrance temperature from the 

thermometer 36. Furthermore, when the pump 2 stops and 

circulation of the heat medium 11 in the heat collector 1 stops, the 

controller 32 in the present embodiment restarts circulation of the 

5 heat medium 11 in accordance with the amount of direct solar 

radiation from the direct solar radiation meter 31. The above 

operations are same as those in the third embodiment.  

However, when the heat medium 11 circulates in the heat 

collector 1, the controller 32 in the present embodiment continues 

10 the operation of the pump 2 as long as a time period in which the 

temperature difference is smaller than the first predetermined 

value shorter than predetermined time. On the other hand, when 

the heat medium 11 circulates in the heat collector 1 and a time 

period in which the temperature difference is smaller than the first 

15 predetermined value lasts longer than the predetermined time, the 

controller 32 stops the pump 2. Thereby, circulation of the heat 

medium 11 in the heat collector 1 stops. When a time period in 

which the temperature difference is smaller than the first 

predetermined value lasts for the predetermined time, the 

20 controller 32 may continue circulation of the heat medium 11 or 

may stop circulation of the heat medium 11. The predetermined 

time is stored in the memory or storage of the heat controller 32, 
for example, similarly to in the first and second predetermined 

values.  

25 FIGS. 5A and 5B are graphs showing an example of the 

amount of direct solar radiation and the amount of acquired heat in 

the solar heat collecting system of the fourth embodiment. FIG.  

5A shows an example of change in the amount of direct solar 

radiation measured by the direct solar radiation meter 31 with 

30 time. FIG. 5B shows change in the amount of acquired heat by 

the heat collector 1 with time with respect to the amount of 

direct solar radiation in FIG. 5A.  

In FIG. 5B, since the temperature difference becomes OC at 

time t5 , the amount of acquired heat becomes zero at time t5 .  

35 Furthermore, in FIG. 5B, since the temperature difference is kept 

below 00 C after time t5 , the amount of acquired heat is kept
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negative after time t5 . Accordingly, when the first predetermined 

value is OC and a time period in which the temperature difference 

is smaller than 00 C lasts longer than predetermined time after time 

t5 , the pump 2 stops. Time t6 in FIG. 5B represents a time at 

5 which a time period in which the temperature difference is smaller 

than 00C reaches the predetermined time. As a result, the amount 

of acquired heat in FIG. 5B increases at time t6 . Thereafter, the 

pump 2 is kept stopped until time t 3 . The amount of acquired heat 

in FIG. 5B represents an amount of heat transferred to the exit of 

10 the heat collector 1 based on the assumption that the heat medium 

11 in the heat collector 1 circulates.  

According to the present embodiment, as in the first to third 

embodiments, decrease in the amount of acquired energy in the 

solar heat collecting system can be suppressed.  

15 In the first embodiment, when the amount of direct solar 

radiation becomes zero and a positive value repeatedly as shown in 

FIG. 19A, the stop and restart of the pump 2 are repeated multiple 

times. Similarly, in the second and third embodiments, when the 

temperature difference becomes a positive value and a negative 

20 value repeatedly, the stop and restart of the pump 2 are repeated 

multiple times. This is generally undesirable for the pump 2. In 

contrast, in the present embodiment, even when the temperature 

difference becomes a positive value and a negative value 

repeatedly, it can be avoided that the stop and restart of the pump 

25 2 are repeated multiple times.  

(Fifth Embodiment) 

A solar heat collecting system of a fifth embodiment has a 

configuration illustrated in FIG. 4.  

When the pump 2 operates and the heat medium 11 

30 circulates in the heat collector 1, the controller 32 in the present 

embodiment stops circulation of the heat medium 11 in accordance 

with the temperature difference between the entrance 

temperature received from the thermometer 33 and the exit 

temperature received from the thermometer 34. The exit 

35 temperature from the thermometer 34 may be replaced with the 

first exit temperature from the thermometer 35. Similarly, the
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entrance temperature from the thermometer 33 may be 

replaced with the third entrance temperature from the 

thermometer 36. Furthermore, when the pump 2 stops and 

circulation of the heat medium 11 stops, the controller 32 in the 

5 present embodiment restarts circulation of the heat medium 11 in 

accordance with the amount of direct solar radiation from the 

direct solar radiation meter 31. The above operations are same 

as those in the third and fourth embodiments.  

However, during stop of circulation of the heat medium 11, 
10 the controller 32 in the present embodiment keeps the pump 2 

stopped as long as a time period in which the amount of direct 

solar radiation is larger than the second predetermined value is 

shorter than predetermined time. On the other hand, when 

circulation of the heat medium 11 stops and a time period in which 

15 the amount of direct solar radiation is larger than the second 

predetermined value lasts longer than the predetermined time, the 

controller 32 restarts the operation of the pump 2. Thereby, 

circulation of the heat medium 11 in the heat collector 1 restarts.  

When a time period in which the amount of direct solar radiation is 

20 larger than the second predetermined value lasts for the 

predetermined time, the controller 32 may keep circulation of the 

heat medium 11 stopped or may restart circulation of the heat 

medium 11. Similarly to the first and second predetermined 

values, the predetermined time is stored in the memory or storage 

25 of the controller 32, for example.  

When the method of stopping circulation in the fourth 

embodiment and the method of restarting circulation in the fifth 

embodiment are combined, the value of the predetermined time for 

restarting circulation may be same as or may be different from the 

30 predetermined time for stopping circulation. The method of 

restarting circulation in the fifth embodiment can be combined with 

the method of stopping circulation in the first or second 

embodiment.  

According to the present embodiment, as in the first to 

35 fourth embodiments, decrease in the amount of acquired energy 

in the solar heat collecting system can be suppressed.
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Furthermore, according to the present embodiment, even when 

the amount of direct solar radiation becomes zero and a positive 

value repeatedly, it can be avoided that stop and restart of the 

pump 2 are repeated many times.  

5 (Sixth Embodiment) 

FIG. 6 is a schematic view showing a configuration of a solar 

heat collecting system of a sixth embodiment.  

The solar heat collecting system in FIG. 6 has a 

configuration that is obtained by eliminating the third heat 

10 collecting module 1c, the third flow path 3c, and the thermometers 

33, 34, and 36 from the system in FIG. 4 and adding a 

thermometer 37 and on-off valves 41 and 42 thereto. The first 

heat collecting module la and the second heat collecting module 

lb are arranged in parallel with each other with respect to the heat 

15 medium 11.  

The thermometer 37 is arranged on the first flow path 3a in 

the vicinity of the entrance of the first heat collecting module la 

and measures the temperature (the first entrance temperature) of 

the heat medium 11 at the entrance of the first heat collecting 

20 module la. The thermometer 37 transmits the measurement 

result of the first entrance temperature to the controller 32.  

The thermometer 35 is arranged on the first flow path 3a in 

the vicinity of the exit of the first heat collecting module la and 

measures the temperature (the first exit temperature) of the heat 

25 medium 11 at the exit of the first heat collecting module la. The 

thermometer 35 transmits the measurement result of the first exit 

temperature to the controller 32.  

The on-off valve 41 is arranged on the second flow path 3b 

upstream of the entrance of the second heat collecting module 1b.  

30 The on-off valve 42 is arranged on the second flow path 3b 

downstream of the exit of the second heat collecting module 1b.  

In the present embodiment, the on-off valves 41 and 42 are 

opened/closed under control by the controller 32. When the on-off 

valves 41 and 42 are opened during the operation of the pump 2, 

35 the heat medium 11 circulates in the second heat collecting module 

1b. When the on-off valves 41 and 42 are closed during the
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operation of the pump 2, circulation of the heat medium 11 in the 

second heat collecting module lb stops. In this way, while the 

operation and stop of the pump 2 can be used to control circulation 

of the heat medium 11 in the entire heat collector 1, 
5 opening/closing of the on-off valves 41 and 42 can be used to 

control circulation of the heat medium 11 in a part of the heat 

collector 1.  

The controller 32 controls circulation of the heat medium 11 

in the heat collector 1 in accordance with the temperature 

10 difference between the first entrance temperature from the 

thermometer 37 and the first exit temperature from the 

thermometer 35. More specifically, in the case where the pump 2 

operates and the heat medium 11 circulates in the heat collector 1, 
when the temperature difference is larger than the predetermined 

15 value, the controller 32 keeps the on-off valves 41 and 42 open.  

On the other hand, in the case where the pump 2 operates, when 

the temperature difference becomes smaller than the 

predetermined value, the controller 32 fully closes the on-off valves 

41 and 42. As a result, circulation of the heat medium 11 in the 

20 first heat collecting module la is kept while circulation of the heat 

medium 11 in the second heat collecting module lb stops.  

Accordingly, the amount of radiation from the heat collector 1 is 

reduced.  

In this case, the controller 32 closes the on-off valves 41 

25 and 42 and reduces the flow rate in the pump 2. As a result, the 

flow rate of the heat medium 11 in the heat collector 1 after the 

on-off valves 41 and 42 are closed decreases from that before the 

on-off valves 41 and 42 are closed. Accordingly, the amount of 

radiation from the heat collector 1 is further reduced. This is also 

30 true in seventh and eighth embodiment, which will be described 

later. The first heat collecting module la is an example of the first 

portion. The second heat collecting module lb is an example of 

the second portion.  

In the case where the on-off valves 41 and 42 are closed 

35 and circulation of the heat medium 11 in the second heat collecting 

module lb stops, when the temperature difference is smaller than
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the predetermined value, the controller 32 keeps the on-off valve 

41 and 42 closed. On the other hand, in the case where the on-off 

valves 41 and 42 are closed, when the temperature difference 

becomes larger than the predetermined value, the controller 32 

5 opens the on-off valves 41 and 42. As a result, circulation of the 

heat medium 11 in the second heat collecting module lb restarts 

so that the heat medium 11 circulates in the first and second heat 

collecting modules la and 1b.  

In this case, the controller 32 opens the on-off valves 41 

10 and 42 and increases the flow rate in the pump 2. For example, 

the controller 32 returns the flow rate in the pump 2 to a value 

before the on-off valves 41 and 42 are closed. As a result, the 

flow rate of the heat medium 11 in the heat collector 1 after the 

on-off valves 41 and 42 are opened increases from that before the 

15 on-off valves 41 and 42 are opened. This is also true in the 

seventh and eighth embodiments, which will be described later.  

As described above, in the present embodiment, stop and 

restart of circulation of the heat medium 11 in a part of the heat 

collector 1 and the flow rate of the heat medium 11 in the heat 

20 collector 1 are controlled in accordance with the temperature 

difference between the entrance temperature and the exit 

temperature. Accordingly, power consumption in the pump 2 can 

be reduced, and the amount of radiation can be also reduced. If 

the solar heat collecting system in FIG. 6 does not include the 

25 direct solar radiation meter 31 and circulation of the heat 

medium 11 in both the first and second heat collecting modules 

la and lb stops, the system has no criterion for determining 

restart of circulation of the heat medium 11. However, in the 

present embodiment, the temperature difference that is 

30 obtained by using the thermometers 35 and 37 serves as a 

criterion for determination. Consequently, even when the solar 

heat collecting system in FIG. 6 does not include the direct solar 

radiation meter 31, power consumption in the pump 2 can be 

reduced. Furthermore, even if the flow rate in the pump 2 is 

35 not reduced, the amount of radiation from the first heat 

collecting module la can be reduced. Therefore, according to
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the present embodiment, decrease in the amount of acquired 

energy in the solar heat collecting system caused by variation in 

the amount of collected heat by the heat collector 1 can be 

suppressed.  

5 According to the present embodiment, restart of circulation 

of the heat medium 11 can be controlled in accordance with 

temperatures so that the direct solar radiation meter 31 can be 

omitted.  

Depending on the starting characteristic of the solar heat 

10 collecting system, circulation of the heat medium 11 is desired to 

be kept for the entire system in some cases. In this case, to 

reduce power consumption in the pump 2, it suffices that 

circulation of the heat medium 11 stops only in a part of the 

system. Even if the flow rate in the pump 2 is not reduced, it is 

15 possible to decrease the amount of radiation from the second heat 

collecting module 11b in which circulation of the heat medium 11 

stops.  

The number of the heat collecting modules la and lb of the 

heat collector 1 in FIG. 6 are two, but may be three or more. In 

20 this case, valves similar to the on-off valves 41 and 42 may be 

arranged at upstream and downstream sides of two or more heat 

collecting modules. Thereby, the controller 32 can control stop 

and restart of circulation of the heat medium 11 in the two or more 

heat collecting modules.  

25 (Seventh Embodiment) 

A solar heat collecting system of the seventh embodiment 

has the configuration illustrated in FIG. 6.  

The controller 32 in the present embodiment controls 

circulation of the heat medium 11 in the heat collector 1 in 

30 accordance with the temperature difference between the first 

entrance temperature from the thermometer 37 and the first exit 

temperature from the thermometer 35. More specifically, when 

the pump 2 operates and the heat medium 11 circulates in the heat 

collector 1, the controller 32 keeps the on-off valves 41 and 42 

35 open as long as a time in which the temperature difference is 

smaller than the predetermined value is shorter than
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predetermined time. On the other hand, when the pump 2 

operates and a time in which the temperature difference is smaller 

than the predetermined value lasts longer than the predetermined 

time, the controller 32 fully closes the on-off valves 41 and 42. As 

5 a result, while circulation of the heat medium 11 in the first heat 

collecting module la is kept, circulation of the heat medium 11 in 

the second heat collecting module lb stops.  

When the on-off valves 41 and 42 are closed and circulation 

of the heat medium 11 in the second heat collecting module lb 

10 stops, the controller 32 keeps the on-off valves 41 and 42 closed 

as long as a time in which the temperature difference is larger than 

the predetermined value is shorter than predetermined time. On 

the other hand, when the on-off valves 41 and 42 are closed and a 

time in which the temperature difference is larger than the 

15 predetermined value lasts longer than the predetermined time, the 

controller 32 opens the on-off valves 41 and 42. As a result, 

circulation of the heat medium 11 in the second heat collecting 

module lb restarts and the heat medium 11 circulates in the first 

and second heat collecting modules la and 1b.  

20 According to the present embodiment, as in the sixth 

embodiment, decrease in the amount of acquired energy in the 

solar heat collecting system can be suppressed. Furthermore, 

according to the present embodiment, restart of circulation of 

the heat medium 11 can be controlled in accordance with 

25 temperatures so that the direct solar radiation meter 31 can be 

omitted.  

In the case shown in FIGS. 20A and 20B, the amount of 

direct solar radiation in FIG. 20A becomes zero multiple times 

while the amount of collected heat in FIG. 20B is kept positive.  

30 In this case, the pump 2 stops at these times if the solar heat 

collecting system is that of the first embodiment. However, in 

the seventh embodiment, the operation and stop of the pump 2 

is replaced with opening and closing of the on-off valves 41 and 

42 and the on-off valves 41 and 42 are closed at these times.  

35 Opening and closing of the on-off valves 41 and 42 are repeated 

at short intervals. If such opening and closing are repeated
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many times every day, the unfavorable serious deterioration of 

the on-off valves 41 and 42 is caused. In contrast, in the solar 

heat collecting system of the seventh embodiment, the on-off 

valves 41 and 42 are still opened at these times. This is the 

5 advantage of the seventh embodiment.  

(Eighth Embodiment) 

A solar heat collecting system of an eighth embodiment has 

the configuration illustrated in FIG. 6.  

The controller 32 in the present embodiment controls 

10 circulation of the heat medium 11 in the heat collector 1 in 

accordance with the amount of direct solar radiation from the 

direct solar radiation meter 31. More specifically, when the 

pump 2 operates and the heat medium 11 circulates in the heat 

collector 1, the controller 32 keeps the on-off valves 41 and 42 

15 open as long as a time in which the amount of direct solar 

radiation is smaller than the predetermined value is shorter 

than predetermined time. On the other hand, when the pump 

2 operates and a time in which the amount of direct solar 

radiation is smaller than the predetermined value is longer than 

20 the predetermined time, the controller 32 fully closes the on-off 

valves 41 and 42. As a result, while circulation of the heat 

medium 11 in the first heat collecting module la is kept, 

circulation of the heat medium 11 in the second heat collecting 

module lb stops.  

25 When the on-off valves 41 and 42 are closed and 

circulation of the heat medium 11 in the heat collecting module 

lb stops, the controller 32 keeps the on-off valves 41 and 42 

closed as long as a time period in which the amount of direct 

solar radiation is larger than the predetermined time is shorter 

30 than the predetermined time. On the other hand, when the 

on-off valves 41 and 42 are closed and a time period in which 

the amount of direct solar radiation is larger than the 

predetermined value lasts longer than the predetermined time, 

the controller 32 opens the on-off valves 41 and 42. As a 

35 result, circulation of the heat medium 11 in the second heat 

collecting module 1b restarts and the heat medium 11 circulates
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in the first and second heat collecting modules la and 1b.  

According to the present embodiment, as in the sixth and 

seventh embodiments, decrease in the amount of acquired energy 

in the solar heat collecting system can be suppressed. In the 

5 present embodiment, instead of comparing a time in which the 

amount of direct solar radiation is smaller or larger than the 

predetermined value with the predetermined time, the amount of 

direct solar radiation and the predetermined value may be 

compared to control circulation of the heat medium 11.  

10 Depending on the starting characteristic of the solar heat 

collecting system, circulation of the heat medium 11 is desired to 

be kept for the entire system in some cases. In this case, to 

reduce power consumption in the pump 2, it suffices that 

circulation of the heat medium 11 stops only in a part of the 

15 system. Even if the flow rate in the pump 2 is not reduced, it is 

possible to decrease the amount of radiation from the second heat 

collecting module lb in which circulation of the heat medium 11 

stops.  

In the case shown in FIGS. 20A and 20B, the amount of 

20 direct solar radiation in FIG. 20A becomes zero multiple times 

while the amount of collected heat in FIG. 20B is kept positive.  

In this case, the pump 2 stops at these timings if the solar heat 

collecting system is that of the first embodiment. However, in 

the eighth embodiment, the operation and stop of the pump 2 is 

25 replaced with opening and closing of the on-off valves 41 and 

42, and the on-off valves 41 and 42 are closed at these times.  

Opening and closing of the on-off valves 41 and 42 are repeated 

at short intervals. If such opening and closing are repeated 

many times every day, the unfavorable serious deterioration of 

30 the on-off valves 41 and 42 is caused. In contrast, in the solar 

heat collecting system of the eighth embodiment, the on-off 

valves 41 and 42 are still opened at these times. This is the 

advantage of the eighth embodiment.  

(Ninth Embodiment) 

35 FIG. 7 is a schematic view showing a configuration of a solar 

heat collecting system of a ninth embodiment.
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The solar heat collecting system in FIG. 7 has a 

configuration that is obtained by eliminating the second heat 

collecting module lb and the thermometers 33 and 35 from the 

system in FIG. 4 and adding on-off valves 41 to 44 thereto. The 

5 first heat collecting module la and the third heat collecting module 

1c are arranged in series with respect to the heat medium 11. The 

second flow path 3b in the present embodiment can be used as a 

bypass flow path in which the heat medium 11 flows to bypass the 

first heat collecting module la.  

10 The on-off valve 41 is arranged in the vicinity of the 

entrance of the second flow path 3b. The on-off valve 42 is 

arranged in the vicinity of the exit of the second flow path 3b. The 

on-off valve 43 is arranged on the first flow path 3a upstream of 

the entrance of the first heat collecting module la. The on-off 

15 valve 44 is arranged on the first flow path 3a downstream of the 

exit of the first heat collecting module la. The on-off valves 41 to 

44 are opened/closed under control by the controller 32.  

When the on-off valves 41 and 42 are closed and the on-off 

valves 43 and 44 are opened during the operation of the pump 2, 

20 the heat medium 11 circulates in the first and third heat collecting 

modules 1a and 1c. When the on-off valves 41 and 42 are opened 

and the on-off valves 43 and 44 are closed during the operation of 

the pump 2, circulation of the heat medium 11 in the first heat 

collecting module la stops and the heat medium 11 circulates only 

25 in the third heat collecting module 1c. At this time, the heat 

medium 11 bypasses the first heat collecting module 1a to circulate 

in the second flow path 3c. In this way, while the operation and 

stop of the pump 2 can be used to control circulation of the heat 

medium 11 in the entire heat collector 1, opening/closing of the 

30 on-off valves 41 to 44 can be used to control circulation of the heat 

medium 11 in a part of the heat collector 1.  

The controller 32 controls circulation of the heat medium 11 

in the heat collector 1 in accordance with the temperature 

difference between the third entrance temperature from the 

35 thermometer 36 and the third exit temperature from the 

thermometer 34. More specifically, in the case where the pump 2
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operates and the heat medium 11 circulates in the heat collector 1, 

when the temperature difference is larger than the predetermined 

value, the controller 32 keeps the on-off valves 41 and 42 open 

and fully closes the on-off valves 43 and 44. On the other hand, in 

5 the case where the pump 2 operates, when the temperature 

difference becomes smaller than the predetermined value, the 

controller 32 opens the on-off valves 41 and 42 and fully closes the 

on-off valves 43 and 44. As a result, while circulation of the heat 

medium 11 in the third heat collecting module 1c is kept, 

10 circulation of the heat medium 11 in the first heat collecting 

module la stops so that the amount of radiation from the heat 

collector 1 is reduced.  

In this case, the controller 32 closes the on-off valves 43 

and 44 and reduces the flow rate in the pump 2. As a result, the 

15 flow rate of the heat medium 11 in the heat collector 1 after the 

on-off valves 43 and 44 are closed becomes lower than that before 

the on-off valves 43 and 44 are closed so that the amount of 

radiation from the heat collector 1 is further reduced. This is also 

true in tenth and eleventh embodiments, which will be described 

20 later. The third heat collecting module 1c is an example of the first 

portion. The first heat collecting module la is an example of the 

second portion.  

In the case where the on-off valves 43 and 44 are closed 

and circulation of the heat medium 11 in the first heat collecting 

25 module la stops, when the temperature difference is smaller than 

the predetermined value, the controller 32 keeps the on-off valves 

41 and 42 open and the on-off valves 43 and 44 fully closed. On 

the other hand, when the on-off valves 43 and 44 are closed and 

the temperature difference becomes larger than the predetermined 

30 value, the controller 32 fully closes the on-off valves 41 and 42 and 

opens the on-off valves 43 and 44. As a result, circulation of the 

heat medium 11 in the first heat collecting module la restarts and 

the heat medium 11 circulates in the first and third heat collecting 

modules la and 1c. Since the on-off valves 41 and 42 are closed, 

35 use of the second flow path 3b is released.  

In this case, the controller 32 opens the on-off valves 43
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and 44 and increases the flow rate in the pump 2. For example, 

the flow rate in the pump 2 is returned to a value before the on-off 

valves 43 and 44 are closed. As a result, the flow rate of the heat 

medium 11 in the heat collector 1 after the on-off valves 43 and 44 

5 are opened becomes higher than that before the on-off valves 43 

and 44 are opened. This is also true in the tenth and eleventh 

embodiments, which will be described later.  

As described above, in the present embodiment, stop and 

restart of circulation of the heat medium 11 in a part of the heat 

10 collector 1 and the flow rate of the heat medium 11 in the heat 

collector 1 are controlled in accordance with the temperature 

difference between the entrance temperature and the exit 

temperature. Therefore, according to the present embodiment, 

decrease in the amount of acquired energy in the solar heat 

15 collecting system caused by variation in the amount of collected 

heat by the heat collector 1 can be suppressed.  

According to the present embodiment, restart of circulation 

of the heat medium 11 can be controlled in accordance with 

temperatures so that the direct solar radiation meter 31 can be 

20 omitted.  

The number of the heat collecting modules la and 1c in FIG.  

7 are two, but may be three or more. In this case, valves similar 

to the on-off valves 43 and 44 may be arranged at upstream and 

downstream sides of two or more heat collecting modules.  

25 Thereby, the controller 32 can control stop and restart of circulation 

of the heat medium 11 in the two or more heat collecting modules.  

Depending on the starting characteristic of the solar heat 

collecting system, circulation of the heat medium 11 is desired to 

be kept for the entire system in some cases. In this case, to 

30 reduce power consumption in the pump 2, it suffices that 

circulation of the heat medium 11 stops only in a part of the 

system. Even if the flow rate in the pump 2 is not reduced, it is 

possible to decrease the amount of radiation from the first heat 

collecting module la in which circulation of the heat medium 11 

35 stops.  

(Tenth Embodiment)
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A solar heat collecting system of a tenth embodiment has 

the configuration illustrated in FIG. 7.  

The controller 32 in the present embodiment controls 

circulation of the heat medium 11 in the heat collector 1 in 

5 accordance with the temperature difference between the third 

entrance temperature from the thermometer 36 and the third exit 

temperature from the thermometer 34. More specifically, when 

the pump 2 operates and the heat medium 11 circulates in the heat 

collector 1, the controller 32 keeps the on-off valves 41 and 42 

10 fully closed and the on-off valves 43 and 44 open as long as a time 

in which the temperature difference is smaller than the 

predetermined value is shorter than predetermined time. On the 

other hand, when the pump 2 operates and a time in which the 

temperature difference is smaller than the predetermined value 

15 lasts longer than the predetermined time, the controller 32 opens 

the on-off valves 41 and 42 and fully closes the on-off valves 43 

and 44. As a result, while circulation of the heat medium 11 in the 

third heat collecting module 1c is kept, circulation of the heat 

medium 11 in the first heat collecting module la stops.  

20 When the on-off valves 43 and 44 are closed and circulation 

of the heat medium 11 in the first heat collecting module la stops, 

the controller 32 keeps the on-off valves 41 and 42 open and the 

on-off valves 43 and 44 fully closed as long as a time period in 

which the temperature difference is larger than the predetermined 

25 value is shorter than predetermined time. On the other hand, 

when the on-off valves 43 and 44 are closed and a time in which 

the temperature difference is larger than the predetermined value 

lasts longer than the predetermined time, the controller 32 fully 

closes the on-off valves 41 and 42 and opens the on-off valves 43 

30 and 44. As a result, circulation of the heat medium 11 in the first 

heat collecting module la restarts and the heat medium 11 

circulates in the first and third heat collecting modules la and 1c.  

Since the on-off valves 41 and 42 are closed, use of the second 

flow path 3b is released.  

35 According to the present embodiment, as in the ninth 

embodiment, decrease in the amount of acquired energy in the
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solar heat collecting system can be suppressed. Furthermore, 

according to the present embodiment, restart of circulation of the 

heat medium 11 can be controlled in accordance with temperatures 

so that the direct solar radiation meter 31 can be omitted.  

5 Depending on the starting characteristic of the solar heat 

collecting system, circulation of the heat medium 11 is desired to 

be kept for the entire system in some cases. In this case, to 

reduce power consumption in the pump 2, it suffices that 

circulation of the heat medium 11 stops only in a part of the 

10 system. Even if the flow rate in the pump 2 is not reduced, it is 

possible to decrease the amount of radiation from the first heat 

collecting module 11a in which circulation of the heat medium 11 

stops.  

In the case shown in FIGS. 20A and 20B, the amount of 

15 direct solar radiation in FIG. 20A becomes zero multiple times 

while the amount of collected heat in FIG. 20B is kept positive.  

In this case, the pump 2 stops at these times if the solar heat 

collecting system is that of the first embodiment. However, in 

the tenth embodiment, the operation and stop of the pump 2 is 

20 replaced with opening and closing of the on-off valves 41 to 44 

and the on-off valves 43 and 44 are closed at these times.  

Opening and closing of the on-off valves 41 to 44 are repeated 

at short intervals. If such opening and closing are repeated 

many times every day, the unfavorable serious deterioration of 

25 the on-off valves 41 to 44 is caused. In contrast, in the solar 

heat collecting system of the tenth embodiment, the on-off 

valves 41 and 43 are still opened at these times. This is the 

advantage of the tenth embodiment.  

(Eleventh Embodiment) 

30 A solar heat collecting system of an eleventh embodiment 

has the configuration illustrated in FIG. 7.  

The controller 32 in the present embodiment controls 

circulation of the heat medium 11 in the heat collector 1 in 

accordance with the amount of direct solar radiation from the 

35 direct solar radiation meter 31. More specifically, when the 

pump 2 operates and the heat medium 11 circulates in the heat
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collector 1, the controller 32 keeps the on-off valves 41 and 42 

fully closed and keeps the on-off valves 43 and 44 open as long 

as a time period in which the amount of direct solar radiation is 

smaller than the predetermined value is shorter than 

5 predetermined time. On the other hand, when the pump 2 

operates and a time period in which the amount of direct solar 

radiation is smaller than the predetermined value lasts longer than 

the predetermined time, the controller 32 opens the on-off valves 

41 and 42 and fully closes the on-off valves 43 and 44. As a result, 

10 while circulation of the heat medium 11 in the third heat collecting 

module 1c is kept, circulation of the heat medium 11 in the first 

heat collecting module la stops.  

When the on-off valves 43 and 44 are closed and circulation 

of the heat medium 11 in the first heat collecting module 1a stops, 

15 the controller 32 keeps the on-off valves 41 and 42 open and the 

on-off valves 43 and 44 fully closed as long as a time period in 

which the amount of direct solar radiation is larger than the 

predetermined value is shorter than the predetermined time. On 

the other hand, when the on-off valves 43 and 44 are closed and a 

20 time period in which the amount of direct solar radiation is larger 

than the predetermined value lasts longer than the predetermined 

time, the controller 32 fully closes the on-off valves 41 and 42 and 

opens the on-off valves 43 and 44. As a result, circulation of the 

heat medium 11 in the first heat collecting module 1a restarts and 

25 the heat medium 11 circulates in the first and third heat collecting 

modules la and 1c. Since the on-off valves 41 and 42 are closed, 

use of the second flow path 3b is released.  

According to the present embodiment, as in the ninth and 

tenth embodiments, decrease in the amount of acquired energy in 

30 the solar heat collecting system can be suppressed. In the present 

embodiment, instead of comparing a time in which the amount of 

direct solar radiation is smaller or larger than the predetermined 

value with the predetermined time, the amount of direct solar 

radiation and the predetermined value may be compared to control 

35 circulation of the heat medium 11.  

Depending on the starting characteristic of the solar heat
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collecting system, circulation of the heat medium 11 is desired to 

be kept for the entire system in some cases. In this case, to 

reduce power consumption in the pump 2, it suffices that 

circulation of the heat medium 11 stops only in a part of the 

5 system. Even if the flow rate in the pump 2 is not reduced, it is 

possible to decrease the amount of radiation from the first heat 

collecting module la in which circulation of the heat medium 11 

stops.  

In the case shown in FIGS. 20A and 20B, the amount of 

10 direct solar radiation in FIG. 20A becomes zero multiple times 

while the amount of collected heat in FIG. 20B is kept positive.  

In this case, the pump 2 stops at these times if the solar heat 

collecting system is that of the first embodiment. However, in 

the eleventh embodiment, the operation and stop of the pump 2 

15 is replaced with opening and closing of the on-off valves 41 to 

44 and the on-off valves 43 and 44 are closed at these times.  

Opening and closing of the on-off valves 41 to 44 are repeated 

at short intervals. If such opening and closing are repeated 

many times every day, the unfavorable serious deterioration of 

20 the on-off valves 41 to 44 is caused. In contrast, in the solar 

heat collecting system of the eleventh embodiment, the on-off 

valves 41 and 43 are still opened at these times. This is the 

advantage of the eleventh embodiment.  

25 (Twelfth Embodiment) 

The operation of the heat collector 1 in a twelfth 

embodiment will be described with reference to FIG. 13. The heat 

collector 1 in the present embodiment is installed in the solar heat 

collecting system of any one of the first to eleventh embodiments.  

30 This is also true for the heat collector 1 in thirteenth to fifteenth 

embodiments, which will be described later.  

When the heat medium 11 circulates in the heat collector 1, 
the heat collector 1 in the present embodiment operates to 

concentrate sunrays to the heat collecting pipe 22, as illustrated in 

35 FIG. 13. Also when circulation of the heat medium 11 stops in all 

or part of the entire heat collector 1, the heat collector 1 in the
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present embodiment operates to concentrate sunrays to the heat 

collecting pipe 22. That is, the reflecting mirrors 21 in the present 

embodiment continues to rotate to adjust the focal point of sunrays 

to the heat collecting pipe 22 both when the heat medium 11 

5 circulates and when circulation of the heat medium 11 stops. The 

heat collector 1 rotates the reflecting mirror 21 to track the altitude 

of the sun. Accordingly, sunrays can be concentrated to the heat 

collecting pipe 22.  

According to the present embodiment, even when circulation 

10 of the heat medium 11 stops, the heat collector 1 continues to 

concentrate lights. Consequently, when circulation of the heat 

medium 11 restarts, the heat collector 1 can restart to collect heat 

immediately.  

When the heat collector 1 in the twelfth embodiment 

15 includes a plurality of heat collecting modules as in FIGS. 4, 6 and 

7, control of rotation of the reflecting mirror 21 that has been 

described in the twelfth embodiment can be performed for each 

heat collecting module.  

(Thirteenth Embodiment) 

20 FIG. 8 is a sectional view for explaining the operation of the 

heat collector 1 of a thirteenth embodiment.  

When the heat medium 11 circulates in the heat collector 1, 
the heat collector 1 in the present embodiment operates to 

concentrate sunrays to the heat collecting pipe 22 (see FIG. 13).  

25 However, when circulation of the heat medium 11 stops in all or 

part of the heat collector 1, the heat collector 1 in the present 

embodiment operates not to concentrate sunrays to the heat 

collecting pipe 22, as illustrated in FIG. 8. That is, circulation of 

the heat medium 11 stops, the reflecting mirror 21 in the present 

30 embodiment is rotated and moved to a position not to adjust the 

focal point of sunrays to the heat collecting pipe 22. When 

circulation of the heat medium 11 in the heat collector 1 restarts, 

the heat collector 1 in the present embodiment operates to restart 

concentration of sunrays to the heat collecting pipe 22.  

35 According to the present embodiment, concentration of 

lights by the heat collector 1 is stopped during stop of circulation of
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the heat medium 11 so that deterioration of the heat medium 11 in 

the heat collecting pipe 22 caused by a high temperature can be 

prevented. When the sun suddenly appears from a cloud, the 

amount of direct solar radiation is sufficient but the flow rate in the 

5 pump 2 may be sufficiently low or zero depending on the starting 

characteristic of the pump 2. At that time, when the focal point of 

sunrays is adjusted to the heat collecting pipe 22, the temperature 

of the heat medium 11 becomes locally high and the heat medium 

11 in this local area is deteriorated. However, when the focal point 

10 of sunrays is not adjusted to the heat collecting pipe 22 as in the 

present embodiment, such deterioration can be prevented. The 

operation of the present embodiment is efficient, for example, 

when the flow rate of the heat medium 11 is zero or low during 

stop of circulation of the heat medium 11 or after restart of 

15 circulation of the heat medium 11.  

When the heat collector 1 in the thirteenth embodiment 

includes a plurality of heat collecting modules as in FIGS. 4, 6 and 

7, control of rotation of the reflecting mirror 21 that has been 

described in the thirteenth embodiment can be performed for each 

20 heat collecting module.  

(Fourteenth Embodiment) 

FIG. 9 is a sectional view for explaining the operation of the 

heat collector 1 of a fourteenth embodiment.  

When circulation of the heat medium 11 stops in all or part 

25 of the heat collector 1, the heat collector 1 in the present 

embodiment turns the convex surface of the reflecting mirror 21 to 

the upstream side of a wind W and moves the reflecting mirror 21 

to the upstream side of the wind W upstream of the heat collecting 

pipe 22. In FIG. 9, since the wind W blows in the -X direction, the 

30 convex surface of the reflecting mirror 21 is directed to the +X 

direction. When circulation of the heat medium 11 in the heat 

collector 1 restarts, the heat collector 1 in the present embodiment 

rotates the reflecting mirror 21 to restart concentration of sunrays 

to the heat collecting pipe 22. The reflecting mirror 21 is an 

35 example of a light concentrating panel. The heat collecting pipe 

22 is an example of a portion where heat is collected by
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concentration of lights.  

According to the present embodiment, the flow rate of the 

wind W (an air flow) blowing to the heat collecting pipe 22 can be 

reduced by the reflecting mirror 21. Therefore, according to the 

5 present embodiment, the forced-convection heat transfer 

coefficient from the heat collecting pipe 22 to the air can be 

reduced and the amount of radiation from the heat collecting pipe 

22 can be reduced.  

When the heat collector 1 in the fourteenth embodiment 

10 includes a plurality of heat collecting modules as in FIGS. 4, 6 and 

7, control of rotation of the reflecting mirror 21 that has been 

described in the fourteenth embodiment can be performed for each 

heat collecting module.  

(Fifteenth Embodiment) 

15 FIG. 10 is a sectional view for explaining the operation of 

the heat collector 1 of a fifth embodiment.  

When circulation of the heat medium 11 stops in all or part 

of the heat collector 1, the heat collector 1 in the present 

embodiment turns the convex surface of the reflecting mirror 21 

20 upward (to the +Z direction) and moves the reflecting mirror 21 to 

a position above the heat collecting pipe 22. When circulation of 

the heat medium 11 in the heat collector 1 restarts, the heat 

collector 1 in the present embodiment rotates the reflecting mirror 

21 to restart concentration of sunrays to the heat collecting pipe 

25 22.  

When the wind W is sufficiently small, the amount of 

forced-convection heat transfer from the heat collecting pipe 22 to 

the air is small. When the amount of natural-convection heat 

transfer from the heat collecting pipe 22 to the air is reduced, the 

30 amount of radiation from the heat collecting pipe 22 is reduced.  

Accordingly, in the present embodiment, the convex surface of the 

reflecting mirror 21 is turned upward to suppress the air flow 

directly above the heat collecting pipe 22. Therefore, according to 

the present embodiment, the amount of natural-convection heat 

35 transfer from the heat collecting pipe 22 to the air can be reduced 

and the amount of radiation from the heat collecting pipe 22 can be
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reduced.  

When the heat collector 1 in the fifteenth embodiment 

includes a plurality of heat collecting modules as in FIGS. 4, 6 and 

7, control of rotation of the reflecting mirror 21 that has been 

5 described in the fifteenth embodiment can be performed for each 

heat collecting module.  

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 inventions. Indeed, the 

10 novel systems described herein may be embodied in a variety of 

other forms; furthermore, various omissions, substitutions and 

changes in the form of the systems described herein may be made 

without departing from the spirit of the inventions. The 

accompanying claims and their equivalents are intended to cover 

15 such forms or modifications as would fall within the scope and spirit 

of the inventions.
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CLAI MS 

1. A solar heat collecting system comprising: 

a heat collector including one or more heat collecting 

modules configured to heat a heat medium by a sunray; 

a heating device configured to heat a heat utilizing fluid 

by heat of the heat medium; and 

a heat medium flow path configured to circulate the heat 

medium between the heat collector and the heating device; 

the system further comprising a controller configured to 

control circulation of the heat medium in the heat collector in 

accordance with an amount of direct solar radiation of the 

sunray, or in accordance with a temperature difference between 

a first temperature of the heat medium at a first position 

located in a vicinity of a heat medium entrance of one of the 

heat collecting modules and a second temperature of the heat 

medium at a second position located in a vicinity of a heat 

medium exit of one of the heat collecting modules located 

downstream of the first position with respect to the heat 

medium, 

wherein 

the controller stops the circulation of the heat medium in 

all or part of the heat collector, when the amount of direct solar 

radiation is smaller than a predetermined value, when a time 

period in which the amount of direct solar radiation is smaller 

than the predetermined value lasts longer than the 

predetermined time, when the temperature difference is smaller 

than a predetermined value, or when a time period in which the 

temperature difference is smaller than the predetermined value 

lasts longer than predetermined time, 

or wherein 

the controller restarts the circulation of the heat medium 

in accordance with the amount of direct solar radiation or the 

temperature difference, when the circulation of the heat 

medium in all or part of the heat collector stops.  

2. The system of Claim 1, wherein the controller restarts the
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circulation of the heat medium in the heat collector during the stop 

of the circulation of the heat medium in all or part of the heat 

collector, when the amount of direct solar radiation is larger than a 

predetermined value, when a time period in which the amount of 

direct solar radiation is larger than the predetermined value lasts 

longer than predetermined time, when the temperature difference 

is larger than a predetermined value, or when a time period in 

which the temperature difference is larger than the predetermined 

value lasts longer than predetermined time.  

3. The system of Claim 1, wherein 

the heat collector includes, as the one or more heat 

collecting modules, a plurality of heat collecting modules, and 

the controller controls the circulation of the heat medium in 

at least one of the heat collecting modules in accordance with the 

amount of direct solar radiation or the temperature difference.  

4. The system of Claim 3, wherein 

the heat collector includes, as the one or more heat 

collecting modules, heat collecting modules arranged in parallel 

with respect to the heat medium, and 

the controller stops the circulation of the heat medium in 

the at least one of the heat collecting modules, when the amount 

of direct solar radiation is smaller than a predetermined value, 

when a time period in which the amount of direct solar radiation is 

smaller than the predetermined value lasts longer than 

predetermined time, when the temperature difference is smaller 

than a predetermined value, or when a time period in which the 

temperature difference is smaller than the predetermined value 

lasts longer than predetermined time.  

5. The system of Claim 3, wherein 

the heat collector includes, as the one or more heat 

collecting modules, heat collecting modules arranged in parallel 

with respect to the heat medium, and 

the controller restarts the circulation of the heat medium in
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the at least one of the heat collecting modules during stop of the 

circulation of the heat medium in the at least one of the heat 

collecting modules, when the amount of direct solar radiation is 

larger than a predetermined value, when a time period in which the 

amount of direct solar radiation is larger than the predetermined 

value lasts longer than predetermined time, when the temperature 

difference is larger than a predetermined value, or when a time 

period in which the temperature difference is larger than the 

predetermined value lasts longer than predetermined time.  

6. The system of Claim 3, wherein 

the heat collector includes, as the one or more heat 

collecting modules, heat collecting modules arranged in serial with 

respect to the heat medium, and 

the controller uses a bypass flow path in which the heat 

medium flows to bypass the at least one of the heat collecting 

modules, when the amount of direct solar radiation is smaller than 

a predetermined value, when a time period in which the amount of 

direct solar radiation is smaller than the predetermined value lasts 

longer than predetermined time, when the temperature difference 

is smaller than a predetermined value, or when a time period in 

which the temperature difference is smaller than the predetermined 

value lasts longer than predetermined time.  

7. The system of Claim 3, wherein 

the heat collector includes, as the one or more heat 

collecting modules, heat collecting modules arranged in serial with 

respect to the heat medium, and 

the controller releases, during use of a bypass flow path in 

which the heat medium flows to bypass the at least one of the heat 

collecting modules, the use of the bypass flow path, when the 

amount of direct solar radiation is larger than a predetermined 

value, when a time period in which the amount of direct solar 

radiation is larger than the predetermined value lasts longer than 

predetermined time, when the temperature difference is larger 

than a predetermined value, or when a time period in which the
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temperature difference is larger than the predetermined value lasts 

longer than predetermined time.  

8. The system of Claim 1, wherein 

the heat collector includes first and second portions that 

circulate the heat medium, and 

when the circulation of the heat medium in the first portion 

is to be kept and the circulation of the heat medium in the second 

portion is to be stopped, the controller reduces a flow rate of the 

heat medium in the heat collector after the stop of the circulation 

to be lower than a flow rate of the heat medium in the heat 

collector before the stop of the circulation.  

9. The system of Claim 1, wherein the heat collector is 

configured to collect heat by concentrating the sunray during stop 

of the circulation of the heat medium.  

10. The system of Claim 1, wherein 

the heat collector is configured to collect heat by 

concentrating the sunray, 

during stop of the circulation of the heat medium, the heat 

collector does not concentrate the sunray to a portion of the heat 

collector holding the stopped heat medium, and 

after restart of the circulation of the heat medium, the heat 

collector restarts the concentration of the sunray.  

11. The system of Claim 1, wherein 

the heat collector includes a light concentrating panel 

configured to track an altitude of the sun, and 

during stop of the circulation of the heat medium, the heat 

collector moves the light concentrating panel provided in a portion 

of the heat collector holding the stopped heat medium, to a 

position at an upstream side of wind from a portion at which heat is 

collected by concentration of light, and 

after restart of the circulation of the heat medium, the heat 

collector moves the light concentrating panel to a light
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concentrating position.  

12. The system of Claim 1, wherein 

the heat collector includes a light concentrating panel 

configured to track an altitude of the sun, and 

during stop of the circulation of the heat medium, the heat 

collector moves the light concentrating panel provided in a portion 

of the heat collector holding the stopped heat medium, to a 

position above a portion at which heat is collected by concentration 

of light, and 

after restart of the circulation of the heat medium, the heat 

collector moves the light concentrating panel to a light 

concentrating position.
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