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Fig.1 Block diagram of cathodic protection
system based on thermoelectric generation

|
i
|
[RE |, xR
|
|
|
|



196 flk TR (http://www.tcsae.org)

2018 4F

SR R FH A 55 AL A N 37 B AR OR /N DL R B 7 He
KV R EH IR Z B R . 1% R0 IR HithR
£ W EET MPPT BT HAUEHE, HAERE
BT, TR N I b (B & R A E AT AN IR
75 I BA B AR o
1.3 BRERMEBRRIESSHR

9T 56 UE I I b P A 4 R A S ) L 3R R R
ZE A B R S T AT IR P T AT, T
2018 4F 1 H 28 HikAT 7 5eihikis, W5 v BT A
FEE G IR T 2Rk B R FEA BB S A E 4L (N46°40,
E123°46').

ZAEAILE 5 REE, MR ERE 10 m, S
ME 2 (A g R A A G R A T DL R IRDK A E,
TEH T HUR 1.5 m PRAL o 2305 % 1 (A 4 T8 5 TE HAoK
KETHHTMAEY R KRB, —FIFE RS E gt
Nio il Z MG R A T B AR S In R 1 s,

x1 REMEHASEEESH
Table 1 Parameters of greenhouse buried heat-supply metal
pipeline
Z:4{ Parameter #14 Value
#4 5T Material Q2354
P4 % Inside diameter/mm 107
4M% External diameter/mm 127
YRR E Depth of burial/m L5
7K i Water temperature/C 57~68

E: BHERET TS
Note: Data is derived from engineering parameters.

MR 28 DU e RN, 22 AR A P A AR TR ZE 1
AFRIA] P AR R SR B LA, I ELZELA g S 0 i, 22
Ko BIOP=A i B L RE AR OR T Y, ARSI R (R 22 L T
M50y SP1848-27145, i 22 HL it o i AL B A4 ek 7K.
e F R B i ) Y 5

AR S Seon i 22 FEL T 7 i R B AT, i
FER ZEAMEAT, IR HN R 12:000 686 R — B
JEIAKE N 900 mm [ Q235 HX 25 5 A o i B = 13
kA, A£EE AR -EREE, BRAH
SP1848-27145 M SR Z A TRIBZN, #im5E
J& B TE B . TR 22 H i R S R A R RIEN
IR, 5 B AR 2 R DY A 1 ORI R AT
B R ZE F VA g T AR IR L B R O R
AR, WO s T Ay e, HEL2E B A AT
B R R ARSI TR Z N, S
BRI, 53— T e R R SR AE AN B W iR
ZEHM Y i B AL B, S I TR 22 A i B . RIS
N7 IR ZE F K SEBRAR Y, AR TR BB RIS
i LR T AR, R F i T R LA
PH. w56k B W& 2a fros.

UG I ] SR AN 78 4 1S, AR 1) 5 il
i — I TR RFSEREN 68 "CIIRUK, B /K 1 22384
KT, WA AN K& . BETENRIKIR, BLA
B H 7K TR 7R 2 I S i T A, DRAE RN R
HKIREIER] 57 Co PR WIIE 2b Frs.

a. MWEHKE

a. Measurement device
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H2 BEMNZHEELHKE

Fig.2 Measurement device and test of temperature difference
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Table 2 Temperature at both ends of thermoelectric cell

5[] Time/min ¥ Cold end/C #3i Hot end/C
0 -9.4 5.4
1 -8.7 9.2
5 -6.2 31.9
10 -39 349
15 2.0 35.1
20 2.1 353
25 23 35.1
30 2.3 354
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Fig.7 Sample results of cathodic protection test
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Table 3  Test results of different protective potentials

PR R K1 B S (SR DA VB g A S ali3
Horizontal distance of Protection Average corrosion Protective
anode bed /m potential/mV rate/(gm >h ™) property/%

7 7 0.0583 0.00

0.08 -900 0.0173 70.32

0.45 -950 0.0146 74.95

0.73 -1 000 0.0079 86.44

1.02 -1 050 0.0051 91.25

1.69 -1100 0.0042 92.79

2.14 -1150 0.0075 87.13

2.71 -1200 0.0090 84.56

3.43 -1250 0.0122 79.07
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| mprovement of cathodic protection of greenhouse buried heat-supply
metal pipeline based on thermoelectric cell

Wang Lishu, Li Xinran, Su Jiheng, Zhang Xu, Sun Shida
(Institute of Electrical and Information, Northeast Agricultural University, Harbin 150030, China)

Abstract: With the development of the global economy and the improvement of people’s living standards, the demand for
traditional energy is increasing, which has led to serious energy shortage, and increasingly serious environmental pollution.
More and more attention has been paid to thermoelectric power generation technology which takes the industrial and
automobile waste heat as heat source. In order to plant out-of-season plants and southern plants, the northern greenhouses
generally use heating pipeline for heating. Cathodic protection, as the main protective measure for buried pipelines, plays an
important role in pipeline protection. In order to alleviate the corrosion rate of heating pipelines, the method of joint use of
external anti-corrosion insulation layer and cathodic protection is generally adopted during the deployment of metal pipelines.
This is also the most economical and reasonable anti-corrosion measure. Cathodic protection protects the metal from being
corroded by the environmental media (such as soil), protect pipeline or equipment by corrosion with auxiliary anode or
sacrificial anode materials, thereby achieving the purpose of prolonging the service life of the protected pipeline and improving
its safety and economy. However, the cost for conventional external-current cathodic protection method is high with large
footprint, and the protection life of the sacrificial anode method is too short. Therefore, in order to provide reliable
external-current cathodic protection for greenhouse heating pipelines, this article uses the waste heat from the surface of the
underground heating pipelines, through direct conversion of thermal energy into electrical energy by a thermoelectric power
plant, to provide the cathodic protection of the external current mode for the buried heating pipeline. The technology has the
advantages of green, environmental protection, simple structure, safety and reliability. This article focuses on the research of
thermoelectric power generation systems, introduces the basic theory of thermoelectric power generation and derives the
relationship of characteristic parameters of the thermoelectric cell. Based on the output characteristics of the thermoelectric cell,
this article designs a self-powered system based on BQ25504 chip. The system collects the thermoelectric energy and
continuously supplies it in the maximum power point tracking mode during operation. The thermoelectric conversion energy is
collected by the BQ25504 chip produced by TI, and then supplied by the step-down regulator chip LM317 to cathodically
protect the buried heating pipeline. The design uses the temperature of the pipeline as a heat source, and it has the advantages
of almost no land occupation, long-term use, flexible protection and energy saving. Through field tests, the temperature
difference between the cold and the hot ends of the device was found to be 33.2 °C, which proved that the greenhouse heating
pipeline was a heat source worthy of utilization. Finally, through the natural corrosion test, it was found that when the
horizontal distance of the anode bed was 1.69 m and the protective potential provided by the device was —1 100 mV, the degree
of protection to the pipeline could reach 92.79%. This study provides a more feasible solution for the protection of greenhouse
heating pipelines, and at the same time, the short-distance pipeline protection technology of external current mode is also
explored.
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