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Abstract V'

The monomer thermal performance of solar air collector is the bottlen k%)?lem of
the design application of practical engineering. By combining the e@ ntal and
theoretical researches, this paper uses the heating | d%j’ther | yeffreiency of the
optimization module at different flow rates, and puts fi he effici normalization
treatment method; analyzes the heat transfer, Y, ea&g)apacity, thermal
efficiency and indoor heating effect of the modul er di t gperation modes; with
the microprocessor as the core, sets up the iwgent contro em of solar air heating
with multiple sensor information fusion;z@ e runﬂ'rﬁﬁtate of fan and heating units
according to the changes of indoor an or enviro#;ent in real time. The practical
application shows that the intellige %97 rol wﬁg‘pan ensure a comfortable indoor
environment and improve the th rr@%ﬁcienc% system.

Keywords: Solar energy; ilding ° @y efficiency; Environmental protection;
Controller; Heating Q) \é\
1. Introduction\\ ~

At presen *T.Qo* the COM) of solar energy water heater in China needs a lot of
intermediate % and timerrelay to meet the requirements of production process. As a
result, the circuit desig omes complex and tedious, faults occur frequently, which
bring lots of incon ce to the use and daily maintenance. Solar water heater
technology is the idely used technology with the highest commercialization degree
in solar heat utihzation. But the automatic control system of most water heaters is
controlled \&single—chip microcomputer. The development cost of single-chip

i

microco s higher than that of PLC. PLC is featured with fast speed, high
reliéi small size, full functions and simple programming. By improving or perfecting

t jciency of existing solar water heater control system, design and develop new solar
watey’heater control system (the automatic control system of the solar water heater based
on PLC).

2. Ask Questions

Large amount of hot water is required in industrial and agricultural production as well
as daily life. The water consumption is large but the water temperature is not high, which
is generally in the range of 40C~60C. For example, the shower water temperature is
between 35C to 40C, and it will be too hot when exceeding 60°C. The temperature of
hot water for oil fouling removing in industry is relatively higher, which is usually at
about 90°C. Solar water heater is currently the most common solar energy utilization
device with the best effect, which has been applied all over the country for that it has
simple structure, easy usage and does not need personnel management. Flat plate solar
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collector, a major part of the flat plate solar water heater, consists of transparent glass,
heat absorber, insulating layer, etc. When placed in the sunlight, the black metal can
absorb solar radiation and thus improve the temperature. Meanwhile, it will radiate heat
value around. When the energy absorption equals the energy dissipation, the temperature
of sheet metal will remain the same, which is called the "equilibrium temperature”. If
there is flow channel in sheet metal, the fluid will continuously take away heat. In order to
achieve the equilibrium temperature, the sheet metal will constantly absorb the radiation
energy of the sun.

3. System Design

3.1. Objective of System Design V

According to use habits and humanization design of the water heater th%ﬂslgned
control system has the following functions:

(1) Automatic control function. In the automatic ion moge, System can
automatically control the operation and stopping of ump and the
switches of solenoid valves. Timing controller cg in outage, thus it is
used as the power control of PLC. Within the ti e timer connects the
power of the PLC, and the PLC will turn
equipment according to the pre-written i)ro and ad he execution of the program
at any time according to the changes o ;@wput signalNITT the nonworking time of the
system, the timer will automatically di ectt r of the PLC. The work period is
6 ~ 18 hours, which can be)solAiz5 the t| ntroller and the timer command of

the PLC.

(2) Dust removal function e the- rature switch to test if the environment
temperature is approp rlat r dust and the temperature switch is 4 C. Dust
removal requires 2 cen S min W olen0|d valve.

(3) Liquid Iev functl water tank. The volume of the water tank is 200 L,
and the liquid Iev Idb at 180 L.

(4) The w hould ha$the heating water supply and heat preservation functions.

(5) Alarm L ctlon. fault occurs, the fault indicator light will flicker and the
alarm bell will ring. erators can press the sound damping button to stop the bell
rings, but the fault jndicator light will still flicker until the clearing of fault;

(6) Water sav@hction. Water supply valve will open for 5 min and stop for 2 min.

(7) Swi%sr manual/automatic control.

election

s high performance sensors will conduct the measurement and data collection on
ate environment, send the measurement results to PLC through the interface, and
then the PLC will make integrated control to the whole solar water heater according to the
control requirements. Because the sampling values of the system on environment are the
analog signal output by the sensor, and the distance between the sensor and PLC is far,
the 4-20 mA current output sensors are selected to reduce the interference in the
transmission and ensure the accuracy and reliability of sampling values. Temperature
error can be compensated with circuit or software, and different compensation methods
are very different in the overall temperature coefficient which is related to the temperature
characteristic of the element. Generally, the sensitive element and the temperature
coefficient of circuit are taken into consideration. The base-point drift of common
temperature sensors is obvious than other meteorological sensors. The thermistor belongs
to adsorption element, which will inevitably be contaminated during the measurement.
The base-point drift caused by contamination can only be corrected and solved by re-
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examination. If pollution is serious, and the basis-point drift distance is too large and
cannot be renewable, the sensor can only be scrapped.
Technical index of temperature sensor
(1) Temperature range: -0'C ~ 70T (extendible on request)
(2) Humidity range: 10%/RH--99% RH
(3) Power supply: AV220V 1: 10%
(4) Temperature error: £0.2°C, maximum: £ 0.5C
(5) Data resolution: 0.1
(6) Data update cycle: About 1 second
(7) Date cable: 3-type twisted-pair
(8) Data transmission distance: less than 1200m

3.3. Design of System Circuit V

The design of main circuit: Q
(1) The contactor KM1 and contactor KM2 respectiyely contr ward and
inversion of the motor.
(2) The motor is supplied with thermal relay to the over%piotectlon
i

(3) Selecting automatic switch Q as the main pewer switc ﬁv ze the short-circuit
protection of main loop, and insulate the thre hase alternm& rrent supply, which is
more convenient to use and maintain.

(4) FU1, FU2, FU3, FU4, FUS5, a&QUG resp ly realize the short-circuit

protection of each load loop.
FU8 realizes the short-circuit pr ‘Sgon oft control loop.
Draw the main circuit di lgg electrl ntrol according to the above design
principle, which is shown in rel -
7 11
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Figure 1. Main Circuit Diagram of Electrical Control

The design of PLC control circuit

According to the control requirements, overall design and the selected components of
the system, design the control schematic diagram of the system and PLC external wiring
diagram. The PLC I/O Control principle diagram of solar water heater system is shown in
Figure 2.
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Figure 2. PLC I/O Control Prmu%\gmagr@xkﬂ Water Heater System

The water heater is mamly C of co &v circulating pipe and water tank, etc.
The diagram for the typlcal heater de ce 18'shown below. In the follow figure, the
Collector 1 is placed at th optlmum slo} e end of down pipe 2 is connected to the
bottom of the C|rculat|n r tank e other end is connected to the lower header
of collector 1. Risig . pipe ;.% ected to the upper part of circulating water tank

3, and the other end“s onnecte the upper header of collector 1. The make-up water
tank 4 suppligs-egid Water for ion water tank 3. After absorbing the solar radiation,
ithin th llector will rise and the water temperature will also rise.
Then, the specific gravi ater will reduce, and the water will flow into the upper part
of the circulation w; nk via the rising water pipe. Besides, because the specific
r at the bottom of the circulation water tank is larger, the cold
e lower part of the collector through the lower part of the water tank
eated in the collector. By the constant convective circulation, water
ill gradually rise until the heat absorption of the collector equals to the heat
radiati d then the water temperature will no longer rise. The water heater adopts the
of cyclic heating, and thus is known as the circulating water heater.

diagram of heater device

1. Collector 2. Down pipe 3. Circulating pipe

4. Make-up water tank 5. Rising pipe 6. Tap water pipe

7. Hot water outlet pipe
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Figure 3. Diagram of Solar Water Heater

Basic working process of the water heater

(1) Endothermic process. After penetrating the glass cover plate, the dlatlon
will be absorbed by solar panels and then is passed to the water in the h a@ ing tube
through the fins and tube wall. After the water in thekﬁbsorbl absorbs heat,
the water will rise due to the reduction of specific gr for. ard force and a

thermal-siphon system. With the rising of the , thehot Water is stored in the
upper tank top. Meanwhile, the cold water w nstan S?éd through the lower
circulating pipe. By such circulation, the w the who k will rise to a certain
temperature. .

(2) Water circulation pipeline. Dom lar Wa&IrNter usually work in the natural

circulation pipeline, pipe di er and pipelinécan directly affect the heat exchange

circulation way without external pow% da gned system can circulate with a

temperature difference more ﬁa ~6 °C t\ stribution rationality of the water

efficiency of the collector. In most cases, (% w pattern in the system pipeline of natural
a

circulation domestic wa ter ca rded as laminar flow. The resistance of the
pipeline system in cb is malnl on-way resistance and the local resistance is
much smaller, The y resistange in branch pipes is much bigger than the main pipe.

The resistance-@f\the |pellrﬁ\$ in collector is mainly from on-way resistance and
the local resi Is much-smalier, the on-way resistance in branch pipes is much bigger
than the main fipe. Wh er temperature rises, the on-way resistance will reduce and
the influence of loca nce will increase due to the reduction of kinematic viscosity.
Within a certain r hen the diameter of main pipe remain the same and increase the
diameter of br pipes, the on-way resistance will decrease rapidly, and the local
resistance Nuvec ease accordingly. Generally, the radius of branch pipes should be more
than 1 hen the diameter of main pipe reaches a certain value, increasing the
diame@nain pipe has little influence on the reduction of the system resistance.

4, lementation

Optimize the function for library: (1) install automatic control system and use energy-
saving light source in light area of the reading rooms. divide the reading room into several
rectangular areas, and each area is equipped with pyroelectric infrared sensor and
photosensitive resistance. With the single-chip microcontroller as the control core, use
pyroelectric infrared sensor to detect if there are people in the area. If there are people in
the area, control the number of open lamps in the area according to the strength of the
light. The system is equipped with RS - 485 network interface, which can transmit the
data to school energy saving platform to monitor the on-off condition of each lamp, as
shown in Figure 4. The light source adopts T5 fluorescent tube. Compared with the
traditional T8 series, T5 lamp source is featured with energy saving, environmental
protection, high brightness, long life and other advantages. There are 5106 fluorescent
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lamps in total in the library, and the total wattage (calculated as T8 series) is 168629
watts. With statistics of energy-saving monitoring platform, the measured wattage under
full load is 112100 watts, saving almost 40% of the electric quantity.

I ETTECT:
QALY

—>| Relay n | ($) (%i)
Remote-controller

::' RS - 485 network interface | : Y’V

Figure 4. Frame Diagram of Syste NTpositjo
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The non-negative pressure water supply equipm cade
network, and detect the pressure of inlet and outl ght e sensor. Compare
the detection value and the target value, automati calcn&( pressure needs to be
added on the original water supply network etermln the iumber of pumps and the
output frequency of the inverter. Adjuststh speed& e pump accordingly to meet
the requirement of water consumptlon us reall onStant voltage. The non-negative
pressure frequency conversion Water Iy e can make full use of the original
pressure of the major pipeline Wltho cmg negative pressure on the major
pipeline network, saving han 30% f the traditional water supply equipment.

Energy-saving operation nagement i comprehensively use the principle and
methods of natural scie nd soc @ce to make scientific planning, organizing,
scheduling and bs@én for  t hole project such as distribution, supply,
transformation,

nsumpti of building energy in order to improve the
comprehensi tion 0 gy. In terms of school operation and management, a
series of ene

ving e@res are taken to the library, which is shown in the following
measures and g

igure 5.
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Figure 5. Operation Diagram of Energy Saving System
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Figure 6. Laying of Solar E

5. Conclusion 9
The heating system of self-developed solar oIIecﬁ» dule (module) is the

research object, which adopts the expe al rese theoretical analysis and
simulation calculation to systemically stl mfluen he module thermal property,

heating effect, the climate adaptabili odul ing capacny, and the flow rate of
module thermal cycle on the mo erm cy and indoor temperature field
distribution. Build the macr model module and the mathematical model

of the environmental contro m of the oratory, and simulate the auxiliary thermal
source control system in T@SYS
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