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Abstract: In view of the current situation of large air-conditioning demand, energy 

shortage and serious environmental pollution, combined with the advanced technology 

of the world's clean energy solar air-conditioning research, the design scheme of green 

solar-friendly air-conditioning based on single-chip microcomputer as control system is 

proposed. This design uses the single-chip control system to control the operation of 

the equipment to achieve temperature control. The temperature sensor detects the 

indoor temperature and transmits the data to the single-chip microcomputer. The 

single-chip microcomputer compares the data with the set value to generate an output 

signal to control the working state of the air conditioner. If the indoor temperature is 

low and the set value, the carbon crystal plate and the fan are energized to increase the 

indoor temperature; if the indoor temperature is high and the set value, the 

semiconductor cooling plate and the fan are energized to cool indoors. Meet the cooling 

needs through mathematical modeling calculations. 
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1. Introduction 

With the increase in surface temperature caused by the greenhouse effect in recent 

years, the use of air conditioners in summer has also risen. In general household 

energy consumption, the consumption ratio of air conditioners is greater than 50%. As 

a result, the problem of tight power supply in summer, the decline in energy utilization 

caused by thermal power generation, environmental pollution, etc., and the 

chlorofluorocarbons used in air-conditioning and refrigeration have caused serious 

damage to the ozone layer. As one of the renewable clean energy sources, the use of 
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solar energy in all aspects of daily life has received much attention. Solar air 

conditioning systems have many advantages, such as summer cooling, winter heating, 

hot water supply throughout the year, and low energy costs because of the clean 

energy used. This paper designs a home green environmental protection air 

conditioner with a single-chip microcomputer as the control system, solar photovoltaic 

power generation as the power supply system, green and efficient carbon crystal 

electric heating plate as the heating element, and energy-saving and 

environmentally-friendly semiconductor refrigeration plate as the refrigeration 

component. 

 

2. Main structure design of air conditioner 

The main structure of the air conditioner has five parts: a carbon crystal plate, a 

semiconductor refrigeration plate, a casing, a bracket, and a cooling fan.The back side 

of the carbon crystal plate is attached to the heat insulation support plate, and the side 

that radiates the far infrared rays faces outward. The heat shield is then attached to 

one end of the heat sink. The cold end of the cooling fin is in close contact with the 

working surface of the heat sink, so that the temperature of the air around the heat 

sink is lowered. The hot end is close to the cooling fan, taking heat out of the room for 

continuous cooling. Finally, a fan is installed on one side of the radiator to blow cold air 

around the radiator into the room. The air conditioning entity model is shown in Figure 

1. 

     

Fig. 1 Air conditioning entity model diagram  

The cooling and heating effects of the system are realized by the semiconductor 

refrigeration chip and the carbon crystal electric heating plate respectively, and the 
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temperature control is realized by the single chip microcomputer. The basic principle is 

that the indoor temperature is sensed by the temperature sensor and transmitted to 

the single chip microcomputer, and the single chip microcomputer will obtain the result. 

The data is compared with a given value, thereby generating a feedback signal to 

regulate the working condition of the air conditioner [1]. Its system structure block 

diagram is shown in Figure 2. 
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Fig. 2 Air conditioning system structure diagram 

 

2.1 Solar photovoltaic module design 

Taking into account the comprehensive application of solar cells, and by comparing and 

analyzing the economics and technicality of three different types of PV modules, this 

system recommends the use of solar energy YL285P-35b polycrystalline silicon solar 

panels. Each component consists of 16 solar cells, and the dimensions of the 

components are shown in Figure 3. 

 
Fig. 3 Assembly dimensions 

Determination of the tilt angle of the array: In most cases, the square matrix tilt angle 
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of the solar photovoltaic panel power generation system is generally equal to the 

absolute value of the local latitude, and this tilt angle usually enables the solar radiation 

value on the surface of the square array to be It reaches its maximum in the middle of 

the year and is therefore suitable for use throughout the year. 

(1) Determination of direct radiation amount on inclined surface 

The direct radiation amount of the inclined surface is generally calculated in the 

engineering design using the following formula [2]: 
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Where: hs - the angle of the sunset on the horizontal plane; 

R —— the amount of direct radiation from the inclined surface to the horizontal plane; 

H - the amount of direct solar radiation on the horizontal plane. 

H - the amount of direct solar radiation on the inclined surface; 

According to the above formula, and according to the local solar latitude, geographic 

latitude and other related parameters, the direct solar radiation amount on the inclined 

surface of a certain inclination angle s can be calculated. 

(2) Determination of the amount of ground reflected radiation 

The total amount of radiation directed toward the inclined surface of the equator 

includes, in addition to the amount of reflected radiation from the ground itself, the 

amount of scattered radiation from the sky and the amount of direct radiation from the 

sun, calculated as: 

 

Where: H - the total amount of radiation on the horizontal plane, representing the sum 

of the amount of scattered radiation on the horizontal plane and the amount of direct 

radiation, is the original observation data of the weather station; ρ - the ground 

reflectivity. 

The formula for the amount of solar radiation on an inclined plane is: 
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(3) Determination of the amount of sky scattered radiation on the inclined plane 

We use the Hay model to calculate the amount of sky scattered radiation. The Hay 

model divides the amount of sky-scattered radiation on the inclined surface into two 

parts: the amount of radiation from the solar disc and the amount of scattered radiation 

evenly distributed in the rest of the sky, calculated as [3]: 
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In the formula, Hd and Hb are the scattering and direct radiation quantities on the 

horizontal plane, respectively. These two parameters are the original observation data 

of the weather station; Ho is the amount of solar radiation on the horizontal surface 

outside the atmosphere. 

According to the above formula, and according to the local solar declination angle and 

geographical latitude of Weifang, the amount of sky scattered radiation on the inclined 

surface of the dip s can be calculated. 

After knowing the amount of solar radiation and the amount of direct radiation on the 

horizontal plane of each region in a certain region, the amount of scattered radiation, 

the amount of direct radiation and the amount of reflected radiation from the ground 

are all functions of the inclination of the inclined plane as an independent variable. The 

function relationship can be expressed as follows: H t =H bt  (s)+H dt (s)+Hrt(s) 

Therefore, for the solar photovoltaic power generation system, in order to maximize 

the total amount of radiation H on the inclined surface, the optimal tilt angle of the 

photovoltaic module array should be selected, so as to achieve the maximum annual 

power generation of the photovoltaic power station. After the RETScreen energy model, 

the design optimization of the photovoltaic project software optimization, the optimal 

tilt angle of the square matrix tilt angle of the fixed installation system is 30°. 

Determination of the azimuth angle of the solar array: the fixed solar azimuth angle 

refers to the angle between the projection of the light vertically incident on the surface 

of the square array on the horizontal ground and the local meridian, and generally sets 

the south direction to zero. The solar array has an azimuth of 0°. 

 

2.2 Carbon crystal plate heating system design 

Under the electric field, "Brown motion" occurs in the carbon cluster between the 

heating elements, and thermal energy is generated between the carbon molecules due 

to severe impact and rubbing. After the power is turned on, the carbon crystal heating 

plate rises rapidly from the natural temperature in a short period of time. Through the 

electric heating plate installed on the wall surface, the heat energy is stably and evenly 

transmitted to every part of the room. The rapid heating effect of the carbon crystal 

plate on the room is based on the efficiency of converting its ultra-high electrical 

energy into far-infrared heat and convective heat. 

The standard temperature enclosed chamber is approximately 20 square meters, and 

the support structure is composed of a sandwich structure provided by air. The air 

cooling system can control and adjust the temperature and humidity of the room [4]. 
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Each carbon crystal plate is connected in series, and the cement plate is placed on the 

carbon crystal plate. The system layout of the carbon crystal plate is as follows: 

 

 

Fig. 4 Laboratory and system layout diagram 

Assumptions: 1) The floor surface is approximately adiabatic downward; 2) The 

in-house is an incompressible gas that satisfies Boussinesq's assumptions. The 

governing equations are as follows: 

1) Continuity equation: 

0)(div 
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Where,  ———fluid density, kg / m3; 

 


U  ———Speed vector, m/s. 

2) Momentum conservation equation: 
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Where, ——viscous fluid dynamic coefficient; 

  ij ——the Kroneck symbol; 
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3) Energy equation for incompressible fluids: 
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Where λ—the coefficient of heat transfer fluid; 

 st  —Source item, the form of the boundary condition is input as the source item. 

4) k flow energy transport equation: 
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Where k—the flow energy; 

ξ—Flow energy dissipation rate. 

5) Radiation equation of DTRM model: 
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Where α—the absorption coefficient of the gas radiation; 

I———radiation intensity; 

s———heat source item; 

T———local gas temperature, K; 

δ———Steven-Boltzmann constant, which is , . 

In the DTRM model, the integral is calculated along the radiation from equation (5). 

 

3. Design of control system for energy-saving air conditioner 

The hardware design part of the control system is mainly composed of the following 

parts: 

1) Minimal system of single chip microcomputer: Adopt AT89S52 single chip 

microcomputer; 

2) Temperature acquisition module: DS18B20 temperature sensor; 

3) Temperature display module: display with 4-digit LED digital tube; 

4) Alarm circuit: use buzzer alarm; 

5) Keyboard input circuit 

6) Strong electric drive and execution unit circuit design. 

 

3.1 Minimal system design of single chip microcomputer 

The minimum system of the MCU is mainly composed of two blocks, one of which is the 

crystal oscillator starting circuit, and the other is the reset circuit [5]. Here, the button 

is manually reset. Relatively speaking, the reset mode is more convenient and more 

user-friendly, and it is not necessary to cut off the power supply. The system can be 

reset. The microcontroller pin is shown in Figure 5. 
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Fig.5 MCU pin assignment 

 

Fig. 6 DS18B20 the external power supply with single-chip microcomputer connection 

diagram 

 

3.2 Temperature acquisition module design 

The temperature sensor is the key component of the system. The system uses the 

digital temperature sensor DS18B20 produced by Dallas Semiconductor. In this control 

system, the connection between DS18B20 and MCU is selected as the external power 

supply mode. Because the single bus structure is open-drain output, the 4.7K pull-up 

resistor is connected between the data terminal DQ and the power supply VCC. As 

shown in Figure 6. The DQ terminal of the DS18B20 acts as a data input/output 

interface. This pin is an open-drain output structure. It is in a high state under normal 

conditions [6]. The VDD terminal is connected to the power supply and the GND is 

connected to the system circuit ground. The DS18B20 is used for temperature data 
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reading. The main task is to program the read and write programs. To program the read 

and write programs, the key is to clarify the operation timing of the DS18B20, 

especially to strictly comply with the rules for reading/writing time slices. This involves 

a single bus technology, the 1-WIRE technology. 

Controller to DS18B20 operation process: 1) Initialization. The initialization sequence is 

shown in Figure 7. 

 

Fig. 7 DS18B20 initialization sequence diagram 

Write the timing diagram shown in Figure 8. 

 
 

Fig. 8 DS18B20 write sequence diagram 

Read the timing diagram shown in Figure 9. 

 

 

Fig. 9 DS18B20 read sequence diagram 

 

3.3 Temperature display module design 

According to the actual application, the temperature display module uses a 4-digit 

digital tube. The digital tube uses a common cathode and is displayed in a dynamic 

manner. A total of 12 pins are required, of which 8 pins are sent from P0.1 to P0.7, and 

4 pins are sent out from P2.0 to P2.3. Select the signal. The driving method of the 
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digital tube is dynamic display, and the so-called dynamic display is a bit of a position 

that turns on the display one by one. For each bit of the display, it lights up at regular 

intervals. Although only one display is illuminated at the same time, due to the 

persistence effect of the human eye and the afterglow of the LED being extinguished, 

we see multiple characters simultaneously displayed [7]. The brightness of the display 

is related to the on-current at the time of lighting and to the ratio of the lighting time 

and the interval time. Adjust the current and time parameters to achieve a higher 

brightness and stable display [8]. The P2.0 to P2.3 pins of the MCU are connected to 

the common pole COM of the four digital tubes, and the P0.1 to P0.7 of the single chip 

are connected to the four digital passengers "a, b, c, d, e, f, g, dp" pin. The font code 

output from the MCU will be added to each digital tube, but in the end, the digital tube 

is turned on and on, depending on the level of the P2.0 to P2.3 pins, so which one is to 

be displayed. As long as the gating control of the digital tube is set to an active level, 

the digital tube without the strobe will not light. By controlling the COM end of each 

digital tube in turn, the digital tubes are controlled to display in turn, which is dynamic 

driving. As shown in Figure 10. The dynamic display occupies less port resources and 

lower power consumption, and is one of the most widely used display modes in the 

single-chip microcomputer. 

 

 

Fig.10 Display circuit 

 

4. Conclusion 

The solar carbon crystal-semiconductor air conditioner is a cooling heat generator 

made of semiconductor materials with optimal thermoelectric energy conversion 

characteristics, and is connected with solar direct current, and the cooling or heating 
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time is short. Compared with other mechanical refrigeration air conditioners, it has the 

following advantages: 

1) Semiconductor air conditioning refrigeration does not use a compressor, reducing 

work links and high reliability. No mechanical rotating part is needed in the design, so 

that the noise generated by mechanical vibration can be avoided during the working 

process, and there is no vibration and wear compared with the conventional air 

conditioner, which can prolong the service life of the air conditioner. 

2) The cooling capacity of the semiconductor air conditioner is determined by the 

logarithm of the semiconductor component. A cooling group unit includes a plurality of 

pairs of semiconductor elements that can be used separately, and the cooling capacity 

is determined by the operating characteristics of the semiconductor itself. Independent 

of the compression mechanism. 

3) Compared with traditional refrigeration and heating air conditioners, solar carbon 

crystal-semiconductor air conditioners can easily adjust and control the load. By 

adjusting the working current, the carbon crystal-semiconductor air conditioner can 

adjust the cooling capacity in a wide range of temperature difference of 30~150 °C. 

The smaller the cooling capacity, the higher the cooling coefficient and the better the 

economic benefit. 

4) The carbon crystal-semiconductor air-conditioning system is powered by DC. The 

nano-crystal chemical solar cell converts the solar energy into direct current, directly 

drives the carbon crystal plate to generate heat and the semiconductor is cooled. There 

is no need for conversion equipment in the middle, which does not improve the 

efficiency and reduces the whole. The cost of the system increases stability and 

reliability. 

5) The air conditioner is composed of a plurality of thermopiles, which have the 

advantages of interchangeability and convenient maintenance. 
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