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Abstract 

The monomer thermal performance of solar air collector is the bottleneck problem of 

the design application of practical engineering. By combining the experimental and 

theoretical researches, this paper uses the heating load and thermal efficiency of the 

optimization module at different flow rates, and puts forward the efficiency normalization 

treatment method; analyzes the heat transfer intensity, heating capacity, thermal 

efficiency and indoor heating effect of the module under different operation modes; with 

the microprocessor as the core, sets up the intelligent control system of solar air heating 

with multiple sensor information fusion; adjust the running state of fan and heating units 

according to the changes of indoor and outdoor environment in real time. The practical 

application shows that the intelligent control system can ensure a comfortable indoor 

environment and improve the thermal efficiency of the system. 
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1. Introduction 

At present, most of the control part of solar energy water heater in China needs a lot of 

intermediate relay and time relay to meet the requirements of production process. As a 

result, the circuit design becomes complex and tedious, faults occur frequently, which 

bring lots of inconvenience to the use and daily maintenance. Solar water heater 

technology is the most widely used technology with the highest commercialization degree 

in solar heat utilization. But the automatic control system of most water heaters is 

controlled by single-chip microcomputer. The development cost of single-chip 

microcomputer is higher than that of PLC. PLC is featured with fast speed, high 

reliability, small size, full functions and simple programming. By improving or perfecting 

the deficiency of existing solar water heater control system, design and develop new solar 

water 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 40℃~60℃. For example, the shower water temperature is 

between 35℃ to 40℃, and it will be too hot when exceeding 60℃. The temperature of 

hot water for oil fouling removing in industry is relatively higher, which is usually at 

about 90℃. 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 

According to use habits and humanization design of the water heater, the designed 

control system has the following functions: 

(1) Automatic control function. In the automatic operation mode, the system can 

automatically control the operation and stopping of the water supply pump and the 

switches of solenoid valves. Timing controller can timing normally in outage, thus it is 

used as the power control of PLC. Within the timing control time, the timer connects the 

power of the PLC, and the PLC will turn on the power supply of various control 

equipment according to the pre-written program, and adjust the execution of the program 

at any time according to the changes of the input signal. In the nonworking time of the 

system, the timer will automatically disconnect the power of the PLC. The work period is 

6 ~ 18 hours, which can be solved with the timing controller and the timer command of 

the PLC. 

(2) Dust removal function. Use the temperature switch to test if the environment 

temperature is appropriate for dust removal, and the temperature switch is 4 ℃. Dust 

removal requires 2 continuous min with a solenoid valve. 

(3) Liquid level control function of water tank. The volume of the water tank is 200 L, 

and the liquid level should be control at 180 L. 

(4) The water tank should has the heating water supply and heat preservation functions. 

(5) Alarm function. When fault occurs, the fault indicator light will flicker and the 

alarm bell will ring. The operators can press the sound damping button to stop the bell 

rings, but the fault indicator light will still flicker until the clearing of fault; 

(6) Water saving function. Water supply valve will open for 5 min and stop for 2 min. 

(7) Switchover of manual/automatic control. 

 

3.2. Sensor Selection 

Various high performance sensors will conduct the measurement and data collection on 

the climate 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℃ ~ 70℃ (extendible on request) 

(2) Humidity range: 10%/RH--99% RH 

(3) Power supply: AV220V士 10% 

(4) Temperature error: ±0.2℃, maximum: ± 0.5℃ 

(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 

The design of main circuit: 

(1) The contactor KM1 and contactor KM2 respectively control the forward and 

inversion of the motor. 

(2) The motor is supplied with thermal relay to realize the overload protection. 

(3) Selecting automatic switch Q as the main power switch can realize the short-circuit 

protection of main loop, and insulate the three-phase alternating-current supply, which is 

more convenient to use and maintain. 

(4) FU1, FU2, FU3, FU4, FU5, and FU6 respectively realize the short-circuit 

protection of each load loop. 

FU8 realizes the short-circuit protection of the PLC control loop. 

Draw the main circuit diagram of electrical control according to the above design 

principle，which is shown in Figure 1. 

 

Knife switch

Dust removal motor  

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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Dust removal 

transformer
 

 Inlet valve

Outlet valve

Dust removal valve

Alarm 

HL Automatic master open

HL3 Malfunction indicator

HL2  Dust removal indicator

HL3 Malfunction indicator

Dust removal motor forward 

Dust removal motor inversion

 

Figure 2. PLC I/O Control Principle Diagram of Solar Water Heater System 

The water heater is mainly composed of collector, circulating pipe and water tank, etc. 

The diagram for the typical water heater device is shown below. In the follow figure, the 

Collector 1 is placed at the optimum slope; one end of down pipe 2 is connected to the 

bottom of the circulating water tank 3, and the other end is connected to the lower header 

of collector 1. Rising water pipe 5 is connected to the upper part of circulating water tank 

3, and the other end is connected to the upper header of collector 1. The make-up water 

tank 4 supplies cold water for circulation water tank 3. After absorbing the solar radiation, 

the temperature within the collector will rise and the water temperature will also rise. 

Then, the specific gravity of water will reduce, and the water will flow into the upper part 

of the circulation water tank via the rising water pipe. Besides, because the specific 

gravity of the cold water at the bottom of the circulation water tank is larger, the cold 

water will flow into the lower part of the collector through the lower part of the water tank 

and rise after heated in the collector. By the constant convective circulation, water 

temperature will gradually rise until the heat absorption of the collector equals to the heat 

radiation, and then the water temperature will no longer rise. The water heater adopts the 

principle of cyclic heating, and thus is known as the circulating water heater. 

The 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 solar radiation 

will be absorbed by solar panels and then is passed to the water in the heat-absorbing tube 

through the fins and tube wall. After  the water in the heat-absorbing tube absorbs heat, 

the water will rise due to the reduction of specific gravity and form a upward force and a 

thermal-siphon system. With the rising of the hot water, the hot water is stored in the 

upper tank top. Meanwhile, the cold water will constantly added through the lower 

circulating pipe. By such circulation, the water in the whole tank will rise to a certain 

temperature. 

(2) Water circulation pipeline. Domestic solar water heater usually work in the natural 

circulation way without external power, and a well-designed system can circulate with a 

temperature difference more than 5℃~6℃ .The distribution rationality of the water 

circulation pipeline, pipe diameter and pipeline can directly affect the heat exchange 

efficiency of the collector. In most cases, the flow pattern in the system pipeline of natural 

circulation domestic water heater can be regarded as laminar flow. The resistance of the 

pipeline system in collector is mainly from on-way resistance and the local resistance is 

much smaller, The on-way resistance in branch pipes is much bigger than the main pipe. 

The resistance of the pipeline system in collector is mainly from on-way resistance and 

the local resistance is much smaller, the on-way resistance in branch pipes is much bigger 

than the main pipe. When water temperature rises, the on-way resistance will reduce and 

the influence of local resistance will increase due to the reduction of kinematic viscosity. 

Within a certain range, when the diameter of main pipe remain the same and increase the 

diameter of branch pipes, the on-way resistance will decrease rapidly, and the local 

resistance will decrease accordingly. Generally, the radius of branch pipes should be more 

than 10 mm. When the diameter of main pipe reaches a certain value, increasing the 

diameter of main pipe has little influence on the reduction of the system resistance. 

 

4. Implementation 

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. 
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Figure 4. Frame Diagram of System Composition 

The non-negative pressure water supply equipment cascades the water supply pipe 

network, and detect the pressure of inlet and outlet through the pressure sensor. Compare 

the detection value and the target value, automatically calculate the pressure needs to be 

added on the original water supply network and determine the number of pumps and the 

output frequency of the inverter. Adjust the rotate speed of the pump accordingly to meet 

the requirement of water consumption and thus realize constant voltage. The non-negative 

pressure frequency conversion water supply equipment can make full use of the original 

pressure of the major pipeline network without producing negative pressure on the major 

pipeline network, saving more than 30% of the traditional water supply equipment. 

Energy-saving operation management is to comprehensively use the principle and 

methods of natural science and social science to make scientific planning, organizing, 

scheduling and supervision for the whole project such as distribution, supply, 

transformation, and consumption of building energy in order to improve the 

comprehensive utilization of energy. In terms of school operation and management, a 

series of energy-saving measures are taken to the library, which is shown in the following 

measures and Figure 5. 
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Figure 5. Operation Diagram of Energy Saving System 
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Figure 6. Laying of Solar Equipment 

 

5. Conclusion 

The heating system of self-developed solar air collector module (module) is the 

research object, which adopts the experimental research, theoretical analysis and 

simulation calculation to systemically study the influence of the module thermal property, 

heating effect, the climate adaptability of module heating capacity, and the flow rate of 

module thermal cycle on the module thermal efficiency and indoor temperature field 

distribution. Build the macro physical model of the module and the mathematical model 

of the environmental control system of the laboratory, and simulate the auxiliary thermal 

source control system in TRNSYS. 

 

References 

[1] Su T, Wang W, Lv Z. Rapid Delaunay triangulation for randomly distributed point cloud data using 

adaptive Hilbert curve[J]. Computers & Graphics, (2016), 54: 65-74. 

[2] Chen Z, Huang W, Lv Z. Towards a face recognition method based on uncorrelated discriminant sparse 

preserving projection[J]. Multimedia Tools and Applications, (2015): 1-15. 

[3] Jinyu Hu and Zhiwei Gao. Distinction immune genes of hepatitis-induced heptatocellular carcinoma[J]. 

Bioinformatics, (2012), 28(24): 3191-3194. 

[4] Su T, Wang W, Lv Z. Rapid Delaunay triangulation for randomly distributed point cloud data using 

adaptive Hilbert curve[J]. Computers & Graphics, (2016), 54: 65-74. 

[5] Jie He, Yishuang Geng, Kaveh Pahlavan, Toward Accurate Human Tracking: Modeling Time-of-Arrival 

for Wireless Wearable Sensors in Multipath Environment, IEEE Sensor Journal, 14(11), 3996-4006, 

Nov. (2014). 

[6] Lv Z, Halawani A, Fen S. Touch-less Interactive Augmented Reality Game on Vision Based Wearable 

Device[J]. Personal and Ubiquitous Computing, (2015), 19(3): 551-567. 

[7] Guanqun Bao, Liang Mi, Yishuang Geng, Mingda Zhou, Kaveh Pahlavan, A video-based speed 

estimation technique for localizing the wireless capsule endoscope inside gastrointestinal tract, 2014 

36th Annual International Conference of the IEEE Engineering in Medicine and Biology Society 

(EMBC), Aug. (2014). 

[8] Degui Zeng, Yishuang Geng, Content distribution mechanism in mobile P2P network, Journal of 

Networks, 9(5), 1229-1236, Jan. (2014). 

[9] Yang J, He S, Lin Y. Multimedia cloud transmission and storage system based on internet of things[J]. 

Multimedia Tools and Applications, (2015). 

[10] Guo C, Liu X, Jin M. The research on optimization of auto supply chain network robust model under 

macroeconomic fluctuations[J]. Chaos, Solitons & Fractals, (2015). 

[11] Li X, Lv Z, Hu J. XEarth: A 3D GIS Platform for managing massive city 

information[C]//Computational Intelligence and Virtual Environments for Measurement Systems and 

Applications (CIVEMSA), 2015 IEEE International Conference on. IEEE, (2015): 1-6. 

[12] Jinyu Hu and Zhiwei Gao. Modules identification in gene positive networks of hepatocellular carcinoma 

using Pearson agglomerative method and Pearson cohesion coupling modularity[J]. Journal of Applied 

Mathematics, 2012 (2012). 

Onli
ne

 V
ers

ion
 O

nly
. 

Boo
k m

ad
e b

y t
his

 fil
e i

s I
LLEGAL.



International Journal of Smart Home  

Vol. 10, No. 8 (2016) 

 

 

106                                                    Copyright ⓒ 2016 SERSC  

[13] Lv Z, Tek A, Da Silva F. Game on, science-how video game technology may help biologists tackle 

visualization challenges[J]. PloS one, (2013), 8(3): 57990.. 

[14] Yang J, Chen B, Zhou J. A Low-Power and Portable Biomedical Device for Respiratory Monitoring 

with a Stable Power Source[J]. Sensors, (2015), 15(8): 19618-19632. 

[15] Guanqun Bao, Liang Mi, Yishuang Geng, Kaveh Pahlavan, A computer vision based speed estimation 

technique for localiz ing the wireless capsule endoscope inside small intestine, 36th Annual International 

Conference of the IEEE Engineering in Medicine and Biology Society (EMBC), Aug. (2014). 

 

Authors 
 

Hou Gang, He Gang received his Bachelor degree from Hunan 

University in Changsha, China. He is currently a Associate Professor 

in the College of Civil Engineering and Architecture at Anyang 

Normal University. His research interest is mainly in the area of 

Building physics, Building economy. He has published several 

research papers in scholarly journals in the above research areas and 

he applied for several patents. 

 

Li Bing, She received her Bachelor degree from Henan 

Agricultural University in Zhengzhou, China. She is currently a 

senior engineer in Anyang Affair Co. of Water. Her research interest 

is mainly in the area of environmental protection, water supply 

engineering. She has published several research papers in scholarly 

journals in the above research areas. 

Onli
ne

 V
ers

ion
 O

nly
. 

Boo
k m

ad
e b

y t
his

 fil
e i

s I
LLEGAL.




