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Abstract. In the modern period of rapid economic growth, energy shortage is serious, the new type of
solar renewable green energy, has the character of economy, clean environment, the advantages of
large reserves. This paper puts forward a new kind of solar collector thermoelectric power generation
device. Combined with the actual operating conditions, the thermodynamic model of the solar
collector thermoelectric power generation device is established by theoretical derivation; the best
cooling conditions is obtained through numerical calculation of thermoelectric generator.

1. Introduction

At present, the solar energy is a renewable green energy, with an infinite development advantages.
But so far solar collector thermoelectric power generation is still in development stage. This article
uses the theoretical derivation and experimental determination, graphic simulation and numerical
simulation method to establish the thermodynamic model of the thermoelectric power generation
device, and the theoretical analysis and experimental verification of the thermoelectric power
generation for power generation. In the experiments to explore the performance of solar
thermoelectric generator. In this paper, design of device system block diagram as shown in figure 1.
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Figurel. Solar collector thermoelectric power generation system block diagram

2. Analysis of The Performance of Thermoelectric Power Generation

Fresnel lens concentrate the sun's heat, making thermoelectric generator to produce high
temperature hot end; on the other side with forced air convection, the temperature difference in
thermoelectric generators at both ends to achieve solar thermal power generation, electricity
generated through the DC voltage regulator circuit, to charge the battery.

3. Thermoelectric Performance Analysis

3.1Performance Parameters

In actual operation tests, the model used in thermoelectric power generation module is
TEG1-199-1.4-0.5.According to the data we get by measuring the different temperature difference
between the cold junction and hot junction of thermoelectric power generation chip and the output
power under those different conditions, we get the curve of the output power, as Figure 2 shows:
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Figure 2. The thermoelectric power with variation of temperature difference

According to the Figure 2, we can draw the conclusion that with the increase of temperature
difference between hot and cold junction of the thermoelectric power generation chip, power
generation also increase.
3.2Thermodynamic Model

To simplify the problem,we make the following assumptions in the process of modeling:

And the schematic diagram of the temperature difference power generation device just as the

Figure 3 shows.
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Figure 3 .The schematic diagram of the temperature difference power generation device
1 Aluminum sheet;2 Graphite sheet;3 Thermoelectric power generation sheet;4 Air-cooling fin.

In the practical research, we just analysis the steady heat conduction of the device. The beam
through the final lens focus on the heat collecting aluminum sheet, and the heat transfer rate of the
aluminum sheet is ¢ which is also the total heat that the device absorbs. One part of the heat flows
through the thermoelectric power generation chip,then converses into electrical power, of which the
power is p and the conversion efficiency is .. The other flows from the cold junction, the air-cooling
fin, and lost to the surroundings .We use the letter % to describe the heat transfer rate that is used by
thermoelectric power generation chip and ¢: to describe the lost part.

So, the total heat transfer rate conducted by aluminum sheet is:

P PO e (1)

R, )
Ak

Where A is the area of the aluminum sheet ;T, is the temperature of the aluminum sheet’s upper
surface ;T,is the temperature of the aluminum sheet’s lower surface ;R, is thermal resistance of the
aluminum sheet ; 3, is the thickness of aluminum sheet ; 4 is the thermal conductivity of the aluminum
sheet.

The temperature difference between the hot and cold junction of thermoelectric power generation
chip:
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AT=T,-T, (2

Where T: is the temperature of thermoelectric power generation chip’s hot junction;T.is the
temperature of thermoelectric power generation chip’s cold junction.

We can get the relation between the temperature difference and the rate of power generation is:

P = f(AT) (3)

The heat that the thermoelectric power generation sheet consumes to generation electricity is:

¢ = B (4)
m

Look up the thermal physical properties of the dry air at standard atmospheric pressure, and get the
Nussle number by the feature correlation equation:

1

0.4637Re?Pr3

Nu = —31 (5)
[1+(0.0207/Pr)3]*

So the convection heat transfer coefficient is:

h, = f—z Nu (6)

2

Where 4, is the thermal conductivity of air; |, is the length of the fin which is along the direction of
the air-flow.

The heat flows lost to the surroundings from the air-cooling fin by convection is:

¢, =n:h AT, =t (7)

Where 7+ is efficiency of the fin;h, is the convective heat transfer coefficient of the fin; A; is the
total area of the air-cooling fin that exchanges heat with cold air; T, is the temperature of
thermoelectric power generation chip’s cold junction;t,is the temperature of the cold air.

To simplify the calculation, we just take the area of the fin into account and ignore the area of the
root of the fin. To a certain degree ,it is reasonable.

We can get the equation under the law of conservation of energy:

¢ = ¢1 + ¢2 (8)

Through programming, numerical computing, we get the relationship between the air speed Vand

the rate of power generation P by the thermoelectric power generation chip, as the curve shows in
Figure 4:
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Figure4. The relationship between the rate of power generation P and the air speedV

According to the Figure 4, we can get the conclusion that with the increasing of the air speed, the
rate of power generation of the thermoelectric power generation chip increases.
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4. Conclusions

Having studyed concentrating collectors. thermoelectric generators and Cooling method etc. We
assembled a set of collector solar thermoelectric power generation device. The thermodynamic model
of this device is established by theoretical derivation and we get the optimized air speed
1.8m/s ~ 2m/s by numerical calculation.
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