SOLAR ENERGY AUTOMATIC SOAKING AND HEAT-COLLECTING TUBE,
TROUGH-TYPE ASSEMBLY, AND HEAT POWER GENERATING SYSTEM
AND TECHNIQUE

FIELD OF THE INVENTION

[0001] The invention relates to the field of solar-thermal power generation, and more
particularly to a thermal power generation device/system comprising solar trough type

thermal collectors filled with water as well as a power generation method using the same.

BACKGROUND OF THE INVENTION

[0002] Solar power has wide distribution, limitless reserves, clean collection and
utilization, zero CO2 emissions and thus arouses widespread concern. Conventionally,
solar thermal power technology includes three power generation modes, that is, tower-
type, dish-type, and trough-type (including parabolic trough reflector and Fresnel trough

reflector).

[0003] Typical trough solar thermal power generation systems employ a turbine to drive
the motor and employ water vapor as a working medium. Currently, the evacuated solar
collector tubes of the trough solar thermal power generation systems employ conduction
oil (or melted salt) to collect solar energy, and the heated conduction oil (or melted salt)
heats water to produce steam to drive the turbine for power generation. FIG. 1 shows an
evacuated solar collector tube module, which includes a parabolic trough reflector 1b1
and an evacuated solar collector tube disposed at the focal point of the parabolic trough

reflector. The evacuated solar collector tube includes a glass tube 1b2 and an absorption



tube 1b3 coated with a heat absorption layer. The glass tube is sleeved on the absorption

tube, and a space between the glass tube 1b2 and the absorption tube 1b3 is vacuum.

[0004] The design of the above trough solar thermal power generation systems mainly
takes into account the following two reasons. First, the solar energy is subject to the
weather conditions, so it is unstable and discontinuous. The conduction oil (or melted
salt) can store thermal energy, thereby offsetting the influence of the weather. Second, the
trough solar thermal power generation systems employ evacuated solar collector tubes,
which cannot be adapted to the physical properties of water, when water is heated to

certain temperatures and pressures by solar energy, the tubes may burst.

[0005] That is because the solar energy concentrated by the trough reflector always heats
the side of the evacuated solar collector tube close to the parabolic trough reflector 1b1
(as shown in FIG. 1, the lower part of the glass tube 1b2), while the opposite side, that is,
the upper part of the glass tube in FIG. 1, will never receive concentrated intensive light,
and the convergence ratio thereof is 80: 1. As a result, the instantaneous temperature
difference between the upper and lower part is up to more than 300°C. The space between
the glass tube 1b2 and the absorption tube 1b3 is vacuum. If the absorption tube 1b3 is
filled with conduction oil (or melted salt), the good heat conductivity of the liquid
medium can quickly equalize the temperature of the absorption tube 1b3, thereby
preventing the occurrence of the large temperature difference and the formation of
internal stress. If the absorption tube 1b3 is filled with water, when the water temperature
exceeds 100°C, water vapor is produced and floated on the upper part of the horizontally
placed long evacuated solar collector tube, and the lower part thereof is liquid water. The
heat conductivity difference of the water vapor and the liquid water is huge, which
inevitably causes the huge temperature difference of the upper and lower parts of the

evacuated solar collector tube, and due to the heat expansion and cold contraction of the



tubes, large internal stress is produced, the evacuated solar collector tube tends to burst.

[0006] Thus, it is urgent to develop a novel solar-thermal power generation
device/system/method different from conventional trough type solar thermal power

generation technology.

SUMMARY OF THE INVENTION

[0007] In view of the above-described problems, it is one objective of the invention to
provide a solar automatic heat equalizing and collecting tube and a solar trough type
thermal collecting module comprising the same. The solar automatic heat equalizing and
collecting tube is adapted to be filled with water directly and do not burst during working.
In addition, the invention also provides a solar-thermal complementary power generation
system comprising the solar trough type thermal collecting module comprising the solar
automatic heat equalizing and collecting tube and a solar-thermal complementary power
generation method using the same. The solar-thermal complementary power generation
method of the invention is weatherproof and can work sustainedly and steadily at night or

cloudy or rainy days, with energy conservation and eco-friendliness.

[0008] To achieve the above objectives, the following technical solutions are adopted.

[0009] To achieve the above objective, in accordance with one embodiment of the
invention, there is provided a solar automatic heat collecting and equalizing tube,
comprising: a glass tube, an absorption tube, and a baffle. The glass tube is sleeved on the
absorption tube; the absorption tube is coated with a heat absorption layer; a space
between the glass tube and the absorption tube is vacuum; the baffle is disposed in an
inner cavity of the absorption tube and is configured to drive a fluid in the absorption
tube to tumble up and down alternately; and the baffle is spiral in shape and fixed in the

absorption tube.



[0010] In a class of this embodiment, the baffle is spirally and continuously distributed in
the absorption tube, and axial pitches of the baffle are the same; or the baffle is spirally
distributed at intervals in the absorption tube, and the axial pitches in different sections of
the baffle are the same; along an axial direction of the absorption tube, one end of the
baffle is fixed on the inner cavity of the absorption tube, and the other end of the baffle is
free; or the baffle employs a plurality of spiral blades fixed on an axial rod, one end of the
spiral blades is fixed on the inner cavity of the absorption tube, and the other end of the
spiral blades is free; the spiral blades are uniformly distributed and the pitches thereof are

the same.

[0011] An automatic heat equalizing trough type module, comprises the solar automatic
heat collecting and equalizing tube. The solar automatic heat collecting and equalizing

tube is disposed at a focal point of a parabolic trough reflector.

[0012] The invention also provides a thermal power generation system, which is a solar-
thermal complementary power generation system, the system comprising a solar
concentration and heat supply module, a boiler heat supply module, and a turbogenerator
unit. The solar concentration and heat supply module comprises a preheating section and
a steam-water two phase evaporation section which are connected in series, the
preheating section comprises an evacuated solar collector tube, and the steam-water two
phase evaporation section comprises the automatic heat equalizing trough type module; at
least one steam-water separator is connected in series to an output tube at one end of the
steam-water two phase evaporation section; a steam output end of the steam-water
separator converges with an output end of a boiler steam drum, and converged steam is
transported to the turbogenerator unit via a superheater of the boiler heat supply module;
a separated water output end of the steam-water separator is connected to a solar
automatic heat collecting and equalizing tube of the automatic heat equalizing trough
type module via a backflow pipe; a condenser output end of the turbogenerator unit is
connected to a water supply module; the water supply module comprises one water inlet
pipe and two water outlet pipes, one water outlet pipe communicates with a first

evacuated solar collector tube, and the second water outlet pipe communicates with a



boiler water supply pipe.

[0013] In a class of this embodiment, a steam output end of a last steam-water separator

converges with an output end of the boiler steam drum via a steam valve.

[0014] The invention further provides a power generation method using the thermal
power generation system, the power generation comprising a solar-thermal
complementary power generation mode in sunny days and a boiler heat supply power
generation mode at night or cloudy/rainy days, and the method comprising: in sunny
days, introducing feedwater provided by a water supply pipe to the solar concentration
and heat supply module, preheating the feedwater by solar energy in the evacuated solar
collector tube of the preheating section, and then continuing heating the feedwater in the
solar automatic heat collecting and equalizing tube of the steam-water two phase
evaporation section whereby producing a water-steam two-phase mixing flow in the
absorption tube, allowing the mixing flow to tumble spirally in the absorption tube under
the action of the baffle to quickly equalize the temperature of the absorption tube, and
then introducing the mixing flow to the steam-water separator and separating steam from
water; returning the separated water to the steam-water two phase evaporation section for
reevaporation, and converging the separated steam with saturated steam from the boiler
steam drum, heating mixed steam in a heating module of the boiler to yield superheated
steam, and transporting the superheated steam to the turbogenerator unit for solar-thermal

complementary power generation;

[0015] at night or cloudy/rainy days, introducing the feedwater only to a boiler heating
module to produce superheated steam, and transporting the superheated steam via a
superheater to the turbogenerator unit for thermal power generation. In the boiler heat
supply power generation mode, the solar heating module stops working, and water in the
solar automatic heat collecting and equalizing tube stop flowing and stays in

the insulating state.

[0016] In accordance with another embodiment of the invention, there provided is a

thermal power generation system, which is a solar-thermal complementary power



generation system, the system comprising a solar concentration and heat supply module,
a boiler heat supply module, and a turbogenerator unit. The solar concentration and heat
supply module comprises a preheating section, a steam-water two phase evaporation
section, and a superheat section which are connected in series, the preheating section
comprises an evacuated solar collector tube, and the steam-water two phase evaporation
section and the superheat section comprise the automatic heat equalizing trough type
module; at least one steam-water separator is connected in series to an output tube at one
end of the steam-water two phase evaporation section; a steam output end of the steam-
water separator is connected to a solar automatic heat collecting and equalizing tube of a
first automatic heat equalizing trough type module of the superheat section, and a last
solar automatic heat collecting and equalizing tube of the superheat section is connected
to an inlet of the turbogenerator unit; a separated water output end of the steam-water
separator is connected to a solar automatic heat collecting and equalizing tube of the
automatic heat equalizing trough type module via a backflow pipe; the output end of the
boiler steam drum is connected to the inlet of the turbogenerator unit via a superheater; a
condenser output end of the turbogenerator unit is connected to a water supply module;
the water supply module comprises one water inlet pipe and two water outlet pipes, one
water outlet pipe communicates with a first evacuated solar collector tube, and the second

water outlet pipe communicates with a boiler water supply pipe.

[0017] In a class of this embodiment, a last solar automatic heat collecting and equalizing
tube of the superheat section converges with an output of the superheater via a steam
valve, and a converge pipe 1s connected to an inlet of the turbogenerator unit; prior to
convergence, a steam switch valve and a steam flow regulator are provided on an output

pipe of the superheater.

[0018] In a class of this embodiment, the water supply module comprises a deaerator and
a feed water pump connected in series; a softened water tank is connected to the deaerator
via the water inlet pipe; the condenser output end of the turbogenerator unit is connected
to the deaerator; an outlet of the feed water pump is connected to the two water outlet

pipes; each water outlet pipe is provided with a switch valve, and one water outlet pipe is



provided with a feedwater control valve.

[0019] The invention further provides a power generation method using the thermal
power generation system, the power generation comprising a solar-thermal
complementary power generation mode in sunny days, a solar power generation mode in
daytime having sufficient sunlight, and a boiler heat supply power generation mode at
night or cloudy/rainy days, and the method comprising: in sunny days, introducing
feedwater provided by a water supply pipe to the solar concentration and heat supply
module, preheating the feedwater by solar energy in the evacuated solar collector tube of
the preheating section, and then continuing heating the feedwater in the solar automatic
heat collecting and equalizing tube of the steam-water two phase evaporation section
whereby producing a water-steam two-phase mixing flow in the absorption tube, allowing
the mixing flow to tumble spirally in the absorption tube under the action of the baffle to
quickly equalize the temperature of the absorption tube, and then introducing the mixing
flow to the steam-water separator and separating steam from water; returning the
separated water to the steam-water two phase evaporation section for reevaporation, and
transporting the separated steam to the solar automatic heat collecting and equalizing tube
in the superheating section to produce superheated steam; allowing the superheated steam
to tumble spirally in the absorption tube to equalize the temperature of the absorption
tube, and converging the superheated steam with superheated steam from the superheater
of the boiler, and transporting the mixed superheated steam to the turbogenerator unit for

solar-thermal complementary power generation;

[0020] at night or cloudy/rainy days, introducing the feedwater only to a boiler heating
module to produce superheated steam, and transporting the superheated steam via a
superheater to the turbogenerator unit for thermal power generation. In the boiler heat
supply power generation mode, the solar heating module stops working, and water in the
solar automatic heat collecting and equalizing tube stop flowing and stays in

the insulating state;

[0021] in daytime having sufficient sunlight, heating the feedwater by the preheating



section and the two-phase evaporation section to yield the water-steam two-phase mixing
flow, separating the mixing flow by the steam-water separator and further heating the
separated saturated steam by the superheating section to produce superheated steam, and
transporting the superheated steam to the turbogenerator unit for thermal power
generation. In the solar power generation mode, the boiler needs working at night, to
shorten a starting time of the boiler, only a small amount of water is fed to the boiler to

ensure the boiler runs in low load (about 10%).

[0022] In a class of this embodiment, the feedwater is preheated to 90°C in the evacuated

solar collector tube of the preheating section.

[0023] In a class of this embodiment, the boiler is a coal-fired boiler, oil-fired boiler, gas-
fired boiler, biomass direct combustion boiler, or, coal gas boiler, preferably, a biomass

gasification gas boiler or a biomass direct combustion boiler.

[0024] In the solar trough heat collecting module, the steam-water two phase evaporation
section is followed by at least one steam-water separator. The separated saturated steam
can be directly transported to the turbogenerator unit for power generation, or first
converges with the saturated steam produced by the boiler and then is transported to and
heated by the superheater to produce superheated steam, which is transported to the
turbogenerator unit for power generation. Or, the separated saturated steam is heated by
the automatic heat equalizing trough type module in the superheated section, converges
with the saturated steam produced by the boiler, and then is transported to the
turbogenerator unit for power generation. The separated water from the steam-water
separator returns to the steam-water two phase evaporation section for reevaporation via a
back water pump. Different power generation modes can be started according to weather

conditions, so it is energy-saving and eco-friendly.

[0025] The baffle is disposed in the inner cavity of the absorption tube of a solar
automatic heat equalizing trough type module, and can drive a fluid in the absorption tube
to tumble up and down alternately. Thus, the laminar state of the two phase fluid is

broken, the fluid automatically moves up and down in the absorption tube to produce a



self-stirring effect, thereby equalizing the heat energy of the upper and lower parts of the

absorption tube, preventing the burst of the tube.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] The invention is described hereinbelow with reference to accompanying

drawings.

[0027] FIG. 1 is a schematic diagram of an evacuated solar collector tube module

comprising evacuated solar collector tubes in the prior art;

[0028] FIG. 2 is a schematic diagram of a solar automatic heat collecting and equalizing

tube of a first example of the invention;

[0029] FIG. 3 is a schematic diagram of a solar automatic heat collecting and equalizing

tube of a second example of the invention;

[0030] FIG. 4 is a cross sectional view of an automatic heat equalizing trough type
module comprising the solar automatic heat collecting and equalizing tube in FIG. 2 or 3
(the cross sectional view of the automatic heat equalizing trough type module is taken

from line A-A in FIG. 2 or 3).

[0031] FIG. S is a schematic diagram of a solar automatic heat collecting and equalizing

tube of a third example of the invention;

[0032] FIG. 6 is a schematic diagram of a thermal power generation system of a first

example of the invention; and

[0033] FIG. 7 is a schematic diagram of a thermal power generation system of a second

example of the invention.



DETAILED DESCRIPTION OF THE EMBODIMENTS

[0034] Detailed description of the invention will be given below in conjunction with

accompanying drawings.

[0035] FIG. 2 is a schematic diagram of a solar automatic heat collecting and equalizing
tube of a first example of the invention. In the figure, 1b2 represents an outer glass tube
of the solar automatic heat collecting and equalizing tube, and 1b3 represents an inner
absorption tube of the solar automatic heat collecting and equalizing tube (1b3 is made of
high temperature resistant metal materials such as stainless steel, beryllium alloy (for
example, beryllium bronze), and the space between the glass tube and the absorption tube
is vacuum). The absorption tube is coated with a heat absorption layer. 1b4 represents a
baffle disposed in an inner cavity of the absorption tube 1b3. 1b4 is made of the same or
similar materials as 1b3. A-A represents a position and direction of a cross section of an
automatic heat equalizing trough type module (that is, to cut the automatic heat
equalizing trough type module at the A-A position and observe the cross section from the
right side, then the solar automatic heat collecting and equalizing tube is shown in FIG.

4).

[0036] The baffle 1b4 is spiral with appropriate pitches. The outer diameter of the spiral
is equal to or less than the inner diameter of 1b3, so that the baffle can be continuously
arranged in the inner cavity of the absorption tube 1b3. To ensure the uniform tumbling
speed of the fluid in the absorption tube, the axial pitches of the baffle are preferably the
same. Along the axial direction of the absorption tube, one end of the baffle 1b4 is fixed

on the inner cavity of the absorption tube 1b3, and the other end of the baffle is free.

[0037] FIG. 3 is a schematic diagram of a solar automatic heat collecting and equalizing
tube of a second example of the invention. In the figure, 1b2 represents an outer glass

tube of the solar automatic heat collecting and equalizing tube, and 1b3 represents an

10



inner absorption tube of the solar automatic heat collecting and equalizing tube (1b3 is
made of high temperature resistant metal materials such as stainless steel, beryllium alloy
(for example, beryllium bronze)), and the space between the glass tube and the absorption
tube is vacuum. The absorption tube is coated with a heat absorption layer. 1b4 represents
two sections of a baffle (in fact, a plurality of sections of the baffle is also practicable)
disposed in an inner cavity of the absorption tube 1b3. The baffle 1b4 is spiral with
appropriate pitches. The outer diameter of the spiral is equal to or less than the inner
diameter of 1b3, so that the baffle can be continuously arranged in the inner cavity of the
absorption tube 1b3. To ensure the uniform tumbling speed of the fluid in the absorption
tube, the axial pitches of the baffle are preferably the same. 1b4 is made of the same or
similar materials as 1b3. A-A represents a position and direction of a cross section of an
automatic heat equalizing trough type module (that is, to cut the automatic heat
equalizing trough type module at the A-A line and observe it from the right side, then the
solar automatic heat collecting and equalizing tube is shown in the center of FIG. 4).
Along the axial direction of the absorption tube, one end of the baffle 1b4 is fixed on the

inner cavity of the absorption tube 1b3, and the other end of the baffle is free.

[0038] FIG. 4 is a cross sectional view of an automatic heat equalizing trough type
module comprising the solar automatic heat collecting and equalizing tube in FIG. 2 or 3.
The cross sectional view is taken from line A-A in FIG. 2 or 3. The solar automatic heat
collecting and equalizing tube is disposed at a focal point of a parabolic trough reflector.
1b1 is a parabolic trough reflector, 1b2 represents an outer glass tube of the solar
automatic heat collecting and equalizing tube, and 1b3 represents an inner absorption
tube of the solar automatic heat collecting and equalizing tube (1b3 is made of high
temperature resistant metal materials such as stainless steel, beryllium alloy), and the
space between the glass tube and the absorption tube is vacuum. The absorption tube is

coated with a heat absorption layer. 1b4 represents a baffle disposed in an inner cavity of

11



the absorption tube 1b3. 1b4 is made of the same or similar materials as 1b3. The arrows
in the figure represent the optical path of sunlight, which converge on the solar automatic
heat collecting and equalizing tube disposed at the focal point of a parabolic trough

reflector.

[0039] FIG. § is a schematic diagram of a solar automatic heat collecting and equalizing
tube of a third example of the invention, which is a longitudinal section view along the
central axis of the solar automatic heat collecting and equalizing tube. 1b2 represents an
outer glass tube. 1b3 represents an inner absorption tube. The space between the glass
tube and the absorption tube is vacuum. 1bS5 represents an axle rod. 1b4 represents spiral
blades fixed on the axle rod by welding or other fixed modes. The space between the
blades is the same, and 2, 3, 4, or N blades are disposed in each spiral cycle. In the figure,
two blades are provided in each spiral cycle. The automatic heat equalizing trough type
module comprising the solar automatic heat collecting and equalizing tube has the same

structure as that in FIG. 4.

[0040] As shown in FIGs. 6 and 7, 1a represents a preheating section comprising a
plurality of ordinary evacuated solar collector tubes (as shown in FIG. 1) connected in
series. 1b represents a steam-water two phase evaporation section comprising a plurality
of automatic heat equalizing trough type modules connected in series. 1¢ represents a
steam-water separator, 1d represents a back water pump, 1e represents a superheating
section comprising a plurality of automatic heat equalizing trough type modules
connected in series (which is only shown in FIG. 7), and 1f represents a steam valve. 2
represents a boiler heating module (the boiler is a coal-fired boiler, oil-fired boiler, gas-
fired boiler, biomass direct combustion boiler, or, coal gas boiler, preferably, a biomass
gasification gas boiler or a biomass direct combustion boiler), 2a is a superheater, 2b is a

boiler steam drum, 3 is a turbogenerator unit, 3a is a condenser of the turbogenerator unit,

12



3b and 3¢ are switch valves; 3d is a steam flow control valve; 4 is a deaerator, 5 is a
water feed pump, Sa and Sb are switch valve, Sc is a feedwater control valve, 6 is a

softened water tank (the softened water is from a chemical water treatment plant).

[0041] The power generation method of the thermal power generation system in FIG. 6 is

summarized as follows.

[0042] In daytime having sufficient sunlight, the switch valves Sa, Sb and 1f are open,
and the back water pump 1d is open. The water from the deaerator is driven by the feed
water pump S5, most of which flows to the preheating section 1a of the evacuated solar
collector tubes where the water is heated to 90°C. The water continues flowing to the
steam-water two-phase evaporation section and is heated to yield a water-steam two-
phase mixing flow. The mixing flow is tumbled spirally in the absorption tube under the
action of the baffle and flows to the steam-water separator 1c. The separated steam
converges with saturated steam from the boiler steam drum, the mixed steam is further
heated in a superheater of the boiler to yield superheated steam, and the superheated
steam is transported to the turbogenerator unit for solar-thermal complementary power
generation. The separated water from the steam-water separator 1c¢ returns to the steam-

water two phase evaporation section 1b via the back water pump 1d for reevaporation.

[0043] Because the spiral baffle 1b4 is disposed in the inner cavity 1b3 of the absorption
tube of the solar automatic heat collecting and equalizing tube, in the two-phase
evaporation section, the two-phase mixing liquid is driven by the feed water pump 5 to
tumble up and down alternately in the absorption tube 1b3. Water has good heat
conduction properties. Although it is the lower part of the absorption tube 1b3 that
absorbs the heat energy, the tumbling of the water quickly transfers the heat to the upper
part of the absorption tube 1b3, so that the upper and lower parts of the absorption tube

1b3 can reach a thermal equalization shortly, thereby preventing the burst of the
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evacuated solar collector tube when water is directly filled with.

[0044] In cloudy/rainy days, the opening of the feedwater control valve Sc at the outlet of
the water feed pump 5 is turned down, so that the water flowing to the evacuated solar
collector tube is decreased, while the water flowing to the boiler via the switch valve Sb
is increased. The load of the boiler is increased and more steam is produced to ensure the

output power of the turbogenerator unit unchanged.

[0045] At night, the switch valves Sa and 1f are close, and the back water pump 1d is
close. The water from the deaerator 4 is driven by the feed water pump 5 and totally
flows to the boiler 2 whereby producing superheated steam. The superheated steam is
transported to the turbogenerator unit for power generation. The evacuated solar collector

tubes stop working, the medium stops flowing, and all stays in the insulating state.

[0046] The power generation method of the thermal power generation system in FIG. 7 is

summarized as follows.

[0047] In daytime having sufficient sunlight, the switch valves Sa, Sb and 1f are open,
and the back water pump 1d is open. The water from the deaerator is driven by the feed
water pump 5, most of which flows to the preheating section la of the evacuated solar
collector tubes where the water is heated to 90°C. The water continues flowing to the
steam-water two-phase evaporation section and is heated to yield a water-steam two-
phase mixing flow. The mixing flow is tumbled spirally in the absorption tube under the
action of the baffle and flows to the steam-water separator 1c. The separated water from
the steam-water separator 1c¢ returns to the steam-water two phase evaporation section 1b

via the back water pump 1d for reevaporation.

[0048] The separated steam from the steam-water separator 1c flows to the superheating

section comprising a plurality of automatic heat equalizing trough type modules
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connected in series, where the steam is heated to produce superheated steam. The
superheated steam converges with the superheated steam from the superheater 2a of the
conventional boiler, and the mixed steam is transported to the turbogenerator unit 3 for

power generation.

[0049] Because the spiral baffle 1b4 is disposed in the inner cavity 1b3 of the absorption
tube of the solar automatic heat collecting and equalizing tube, in the two-phase
evaporation section, the two-phase mixing liquid is driven by the feed water pump 5 to
tumble up and down alternately in the absorption tube 1b3. Water has good heat
conduction properties. Although it is the lower part of the absorption tube 1b3 that
absorbs the heat energy, the tumbling of the water quickly transfers the heat to the upper
part of the absorption tube 1b3, so that the upper and lower parts of the absorption tube
1b3 can reach a thermal equalization shortly, thereby preventing the burst of the

evacuated solar collector tube when water is directly filled with.

[0050] In the superheating section 1le, the spiral baffle 1b4 is disposed in the inner cavity
1b3 of the absorption tube of the solar automatic heat collecting and equalizing tube. The
superheated steam continues tumbling up and down spirally in the absorption tube 1b3.
The spiral tumbling of the single fluid produces strong up-and-down stirring, although the
heated steam has bad heat conductivity, the strong stirring can also quickly equalize the
heat energy in the absorption tube 1b3, thereby preventing the burst of the evacuated

solar collector tube.

[0051] In cloudy/rainy days, the opening of the feedwater control valve Sc at the outlet of
the water feed pump 5 is turned down, so that the water flowing to the evacuated solar
collector tube is decreased, while the water flowing to the boiler via the switch valve Sb
is increased. The load of the boiler is increased and more steam is produced to ensure the

output power of the turbogenerator unit unchanged.
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[0052] At night, the switch valves 5a and 1f are close, and the back water pump 1d is
close. The water from the deaerator 4 is driven by the feed water pump 5 and totally
flows to the boiler 2 whereby producing superheated steam. The superheated steam is
transported to the turbogenerator unit for power generation. The evacuated solar collector

tubes stop working, the medium stops flowing, and all stays in the insulating state.

[0053] Advantages of the solar-thermal complementary power generation system of the
invention are summarized as follows. The system comprises a preheating section and a
steam-water two phase evaporation section comprising solar concentration modules (or
comprising a preheating section, a steam-water two phase evaporation section and a
superheated section). The steam-water two phase evaporation section and the superheated
section both comprise the solar automatic heat collecting and equalizing tube and
automatic heat equalizing trough type module, and at least one steam-water separator is
disposed in the steam-water two phase evaporation section, thereby favoring the
complementation and convergence of the steam from the solar modules and the boiler. As
a result, the power plant is free of the influence of weather conditions, and can generate
power even at night. Particularly, the solar automatic heat collecting and equalizing tube
and the automatic heat equalizing trough type module can be directly filled with water for

power generation, which is a novel technology path.
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Claims

1. A thermal power generation system, being a solar-thermal complementary power
generation system, the system comprising a solar concentration and heat supply
module, a boiler heat supply module, and a turbo generator unit, characterized in that
the solar concentration and heat supply module comprises a preheating section and a
steam-water two phase evaporation section which are connected in series, the
preheating section comprises an evacuated solar collector tube, and the steam-water
two phase evaporation section comprises the automatic heat equalizing trough type
module; at least one steam-water separator is connected in series to an output tube at
one end of the steam-water two phase evaporation section; a steam output end of the
steam-water separator converges with an output end of a boiler steam drum, and
converged steam is transported to the turbo generator unit via a superheater of the
boiler heat supply module; a separated water output end of the steam-water separator
is connected to a solar automatic heat collecting and equalizing tube of the automatic
heat equalizing trough type module via a backflow pipe; a condenser output end of the
turbo generator unit is connected to a water supply module; the water supply module
comprises one water inlet pipe and two water outlet pipes, one water outlet pipe
communicates with a first evacuated solar collector tube, and the second water outlet
pipe communicates with a boiler water supply pipe;

the solar automatic heat collecting and equalizing tube of the automatic heat
equalizing trough type module is disposed at a focal point of a parabolic trough
reflector; the solar automatic heat collecting and equalizing tub comprises a glass tube,
an absorption tube, and a baffle; the glass tube is sleeved on the absorption tube; the
absorption tube is coated with a heat absorption layer; a space between the glass tube
and the absorption tube is vacuum; the baffle is disposed in an inner cavity of the
absorption tube and is configured to drive a fluid in the absorption tube to tumble up

and down alternately; and the baffle is spiral in shape and fixed in the absorption tube .

2. The thermal power generation system of claim 1,characterized in that the baffle is
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spirally and continuously distributed in the absorption tube, and axial pitches of the
baffle are the same; or the baffle is spirally distributed at intervals in the absorption
tube, and the axial pitches in different sections of the baffle are the same; along an
axial direction of the absorption tube, one end of the baffle is fixed on the inner cavity
of the absorption tube, and the other end of the baffle is free; or the baffle employs a
plurality of spiral blades fixed on an axial rod, one end of the spiral blades is fixed on
the inner cavity of the absorption tube, and the other end of the spiral blades is free;

the spiral blades are uniformly distributed and the pitches thereof are the same.

3. The thermal power generation system of claim 1, characterized in that a steam
output end of a last steam-water separator converges with an output end of the boiler

steam drum via a steam valve.

4. The thermal power generation system of claim I,characterized in that the water
supply module comprises a deaerator and a feed water pump connected in series; a
softened water tank is connected to the deaerator via the water inlet pipe; the
condenser output end of the turbogenerator unit is connected to the deaerator; an
outlet of the feed water pump is connected to the two water outlet pipes; each water
outlet pipe is provided with a switch valve, and one water outlet pipe is provided with

a feedwater control valve.

5. A power generation method using the thermal power generation system of any one
of claims 1-4, the power generation comprising a solar-thermal complementary power
generation mode in sunny days and a boiler heat supply power generation mode at
night or cloudy/rainy days, and the method comprising: in sunny days, introducing
feedwater provided by a water supply pipe to the solar concentration and heat supply
module, preheating the feedwater by solar energy in the evacuated solar collector tube
of the preheating section, and then continuing heating the feedwater in the solar
automatic heat collecting and equalizing tube of the steam-water two phase

evaporation section whereby producing a water-steam two-phase mixing flow in the
18



absorption tube, allowing the mixing flow to tumble spirally in the absorption tube
under the action of the baffle to quickly equalize the temperature of the absorption
tube, and then introducing the mixing flow to the steam-water separator and
separating steam from water; returning the separated water to the steam-water two
phase evaporation section for reevaporation, and converging the separated steam with
saturated steam from the boiler steam drum, heating mixed steam in a heating module
of the boiler to yield superheated steam, and transporting the superheated steam to the

turbogenerator unit for solar-thermal complementary power generation;

at night or cloudy/rainy days, introducing the feedwater only to a boiler heating
module to produce superheated steam, and transporting the superheated steam via a
superheater to the turbo generator unit for thermal power generation; wherein in the
boiler heat supply power generation mode, the solar heating module stops working,
and water in the solar automatic heat collecting and equalizing tube stop flowing and

stays in the insulating state.

6. A thermal power generation system, being a solar-thermal complementary power
generation system, the system comprising a solar concentration and heat supply
module, a boiler heat supply module, and a turbo generator unit, characterized in that
the solar concentration and heat supply module comprises a preheating section, a
steam-water two phase evaporation section, and a superheat section which are
connected in series, the preheating section comprises an evacuated solar collector tube,
and the steam-water two phase evaporation section and the superheat section
comprise the automatic heat equalizing trough type module; at least one steam-water
separator is connected in series to an output tube at one end of the steam-water two
phase evaporation section; a steam output end of the steam-water separator is
connected to a solar automatic heat collecting and equalizing tube of a first automatic
heat equalizing trough type module of the superheat section, and a last solar automatic
heat collecting and equalizing tube of the superheat section is connected to an inlet of

the turbo generator unit; a separated water output end of the steam-water separator is
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connected to a solar automatic heat collecting and equalizing tube of the automatic
heat equalizing trough type module via a backflow pipe; the output end of the boiler
steam drum is connected to the inlet of the turbo generator unit via a superheater; a
condenser output end of the turbo generator unit is connected to a water supply
module; the water supply module comprises one water inlet pipe and two water outlet
pipes, one water outlet pipe communicates with a first evacuated solar collector tube,
and the second water outlet pipe communicates with a boiler water supply pipe;

the solar automatic heat collecting and equalizing tube of the automatic heat
equalizing trough type module is disposed at a focal point of a parabolic trough
reflector; the solar automatic heat collecting and equalizing tub comprises a glass tube,
an absorption tube, and a baffle; the glass tube is sleeved on the absorption tube; the
absorption tube is coated with a heat absorption layer; a space between the glass tube
and the absorption tube is vacuum; the baffle is disposed in an inner cavity of the
absorption tube and is configured to drive a fluid in the absorption tube to tumble up

and down alternately; and the baffle is spiral in shape and fixed in the absorption tube.

7. The system of claim 6,characterized in that the baffle is spirally and continuously
distributed in the absorption tube, and axial pitches of the baffle are the same; or the
baffle is spirally distributed at intervals in the absorption tube, and the axial pitches in
different sections of the baffle are the same; along an axial direction of the absorption
tube, one end of the baffle is fixed on the inner cavity of the absorption tube, and the
other end of the baffle is free; or the baffle employs a plurality of spiral blades fixed
on an axial rod, one end of the spiral blades is fixed on the inner cavity of the
absorption tube, and the other end of the spiral blades is free; the spiral blades are

uniformly distributed and the pitches thereof are the same.

8. The system of claim 6, characterized in that a last solar automatic heat collecting
and equalizing tube of the superheat section converges with an output of the
superheater via a steam valve, and a converge pipe is connected to an inlet of the

turbogenerator unit; prior to convergence, a steam switch valve and a steam flow
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regulator are provided on an output pipe of the superheater.

9. The system of claim 6,characterized in that the water supply module comprises a
deaerator and a feed water pump connected in series; a softened water tank is
connected to the deaerator via the water inlet pipe; the condenser output end of the
turbo generator unit is connected to the deaerator; an outlet of the feed water pump is
connected to the two water outlet pipes; each water outlet pipe is provided with a

switch valve, and one water outlet pipe is provided with a feedwater control valve.

10. A power generation method using the thermal power generation system of any one
of claims 6-9, the power generation comprising a solar-thermal complementary power
generation mode in sunny days, a solar power generation mode in daytime having
sufficient sunlight, and a boiler heat supply power generation mode at night or

cloudy/rainy days, and the method comprising:

in sunny days, introducing feedwater provided by a water supply pipe to the solar
concentration and heat supply module, preheating the feedwater by solar energy in the
evacuated solar collector tube of the preheating section, and then continuing heating
the feedwater in the solar automatic heat collecting and equalizing tube of the
steam-water two phase evaporation section whereby producing a water-steam
two-phase mixing flow in the absorption tube, allowing the mixing flow to tumble
spirally in the absorption tube under the action of the baffle to quickly equalize the
temperature of the absorption tube, and then introducing the mixing flow to the
steam-water separator and separating steam from water; returning the separated water
to the steam-water two phase evaporation section for reevaporation, and transporting
the separated steam to the solar automatic heat collecting and equalizing tube in the
superheating section to produce superheated steam; allowing the superheated steam to
tumble spirally in the absorption tube to equalize the temperature of the absorption
tube, and converging the superheated steam with superheated steam from the

superheater of the boiler, and transporting the mixed superheated steam to the
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turbogenerator unit for solar-thermal complementary power generation;

at night or cloudy/rainy days, introducing the feedwater only to a boiler heating
module to produce superheated steam, and transporting the superheated steam via a
superheater to the turbogenerator unit for thermal power generation; wherein in the
boiler heat supply power generation mode, the solar heating module stops working,
and water in the solar automatic heat collecting and equalizing tube stop flowing and

stays in the insulating state;

in daytime having sufficient sunlight, heating the feedwater by the preheating section
and the two-phase evaporation section to yield the water-steam two-phase mixing
flow, separating the mixing flow by the steam-water separator and further heating the
separated saturated steam by the superheating section to produce superheated steam,
and transporting the superheated steam to the turbogenerator unit for thermal power
generation; wherein in the solar power generation mode, the boiler needs working at
night, to shorten a starting time of the boiler, only a small amount of water is fed to

the boiler to ensure the boiler runs in low load.

11. The method of claim 5, characterized in that the feedwater is preheated to 90°C in

the evacuated solar collector tube of the preheating section.

12. The method of claim 10, characterized in that the feedwater is preheated to 90°C

in the evacuated solar collector tube of the preheating section.
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