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The paper deals with the issues of direct conversion of thermal energy to electric one due to the use of the ther-
moelectricity effect to provide independent operation of a cathodic protection station when heat transfer fluids flow
through pipelines. The experimental setup description, applied techniques and procedure, and the experimental
results are presented. A possibility of generating electricity using thermoelectricity effect for a cathodic protection
station independent power supply source is demonstrated.

Key words: Electrochemical corrosion, Thermoelectricity, Thermal energy, Power supply source, Pipeline,
Heat transfer fluid, Fluid, Gas, Voltage, Current intensity, Capacity, Cathodic protection station

INTRODUCTION

The most common method of protecting equipment (in-
cluding pipelines) made of carbon, low- and high-alloy
and high-chromium steels, tin, zinc, copper and cop-
per-nickel alloys, aluminum, lead, titanium and their al-
loys from electrochemical corrosion is cathodic protec-
tion (protection by means of external current). It is based
on imposing a negative potential on a piece to be pro-
tected. In this case, pipelines are equipped with cathodic
protection stations (CPS). To function, such a station re-
quires an external power supply source, which increases
the cost for CPS design and operation, especially in re-
mote and inaccessible areas of pipeline location. At the
same time, it is known that a significant part of pipelines
is intended to be used for transporting liquids and gas-
es with relatively high temperatures (100°C and higher),
whereas the surrounding medium (ground or water) can
have a temperature close to zero and lower. The latter
circumstance indicates the possibility of generating ther-
moelectricity on such pipelines based on using a con-
siderable temperature difference between the working
medium and the environment.

The essence of the phenomenon of thermoelectricity
(Seebeck effect) is that when the ends of a circuit con-
sisting of two dissimilar metal materials, whose joints are
at different temperatures, are closed, an electromotive
force (EMF) emerges in the circuit.

Thermoelectricity generation is one of the promising, and
in some cases the only available way of direct conver-
sion of thermal energy into electrical one. It is especial-
ly important that with such a transformation there is no
intermediate phase, when thermal energy is first trans-
formed into mechanical one, and only after that mechan-
ical energy is transformed into electrical [01-03].
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PROPOSED ENGINEERING SOLUTIONS

Based on the use of the thermoelectricity effect, engineer-
ing proposals of designing an independent power supply
source for CPS were developed at the Department of
Heat, Gas and Water Supply of the Southwest State Uni-
versity (Kursk, Russia) [04-06]. Figure 1 demonstrates
the diagram of one of the engineering proposals [06].

The EMF source under consideration works as follows.
After filling the pipeline 3 and after gas (liquid) therein
begins flowing, heat exchange between gas (liquid) in
the pipe and surrounding ground (water) takes place. For
example, the gas (liquid) temperature t is lower than the
temperature t. of the soil (water) that is in contact with
the outer surface of the EMF source 1, which is made
of a hydrostatically dielectric high-conductivity material;
due to the temperature difference t,— t, heat exchange
between cold gas (liquid) flowing through the pipe 4 and
the surrounding ground (water) takes place; the areas of
heating and cooling heat up or cool down; the areas of
heating and cooling consist of a layer of material inside
which soldered two-layer flattened ends of the TIC 15
made of metals M1 and M2 and arranged in parallel to
the surface of the pipe 3 in the area of semi-rings 9 and
10 and in parallel to the longitudinal ribs 11. The design
of the two-layer ends of the TIC 15 connected to each
other (e.g., by means of soldering) allows increasing the
area of heating and cooling between the surfaces of the
semi-rings 9, 10 and the ribs 11.

As a result of heat exchange processes, a temperature
difference is created between the soldered two-lay-
er, flattened, tightly pressed together ends of the TIC
15 made of metals M1 and M2 located at the edges of
the ribs 11 and opposite ends of the same metal seg-
ments M1 and M2 located in the semi-rings 9 and 10.
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The created temperature difference between the heating
and cooling areas causes electron emissioninall TICs 15
and, accordingly, thermoelectricity generation in the zig-
zag rows of TES 14. At the required voltage and current,
on the command from the control unit 5, the generat-
ed thermoelectricity is supplied to the protected pipeline
section 3 through the current leads 16, the regulating
block 2, and the connecting cable 6.

The magnitude of the difference between the electric
potential and the current intensity at the current leads
16 of the power supply source (EMF) 1 depends on the
temperature difference at the soldered joints of metals
M1 and M2, their characteristics, and the number of the
TIC 15 in the TES 14. When necessary, several power
supplies sources 1 can be installed. Depending on the
gas (liquid) flow rate and the temperature difference (t —
t.), the required voltage U and current | are controlled by
the commands from the control unit 5 to the regulating
block 2, which turns off or on the TES 14 in power supply
source 1.

Figure 1: Device for thermoelectric protection of pipe-
lines against corrosion: 1 — power supply source (EMF);
2 — regulating block; 3 — section of the pipeline to be
protected; 4 — anodic groundbed; 5 — control unit; 6,
7, 8 — connecting cables; 9, 10 — semi-rings of power
supply source; 11, 12, 13 — longitudinal ribs and flanges
with fastening holes; 14 — zigzag rows of thermoelectric
sections (TESs); 15- thermionic converters (TIC);

16 — current leads

502

EXPERIMENTAL PROCEDURE AND RESULTS

Laboratory experiments were carried out to substantiate
the effectiveness of the engineering proposal made.

At the first stage, an experiment was carried out on a
flat thermoelectric section which had a heat exchange
surface of 170 x 120 mm and a number of thermionic
converters (TICs) n = 180 pcs; a pair of ‘chromel-copel’
metals was used as M1 and M2 for making TIC.

As a result of the experiments using a flat thermoelec-
tric section, it was found that when an average tempera-
ture difference between the heating and cooling media
(blowing on the surface from opposite sides with hot and
cold air flows) is 100° C, an electric current with the volt-
age U = (1.2-1.5) V, the current intensity | = (0.08- 0.1)
A and the power P = (0.2-0.22) W can be generated. In
this case, from 1 % to 2-3% of the total amount of heat
transferred through the heat exchange surface was con-
sumed to generate electrical energy. [07, 08].

At the second stage, a laboratory experiment using an
experimental setup in which a pipe with a length of 0.5 m
and a diameter of 50 mm was used as the pipeline was
carried out. The EMF source consisted of 12 thermoelec-
tric sections (TESs) put on the surface of the pipe body.
Air heated in an electric heater (heat gun) was used as
a working medium. The air environment of the laboratory
room (tC = 25°C = const.) was taken as the surround-
ing environment. Each thermionic converter (TIC) was
made of a pair of segments made of different metals
M1 and M2 (M1 — chromel, M2 — copel); each TES is
composed of 20 TICs connected in a zigzag manner; the
TICs’ ends were flattened and tightly pressed together
and located in the area of heating and cooling, close to
the outer edge and the outer surface of the pipe section;
the unconnected ends of the thermoelectric sections of
each zigzag row were connected to the collectors with
the same charges. Surface temperature of the pipe and
hot air at the inlet and outlet of the pipe was measured by
a pyrometer, velocity of hot air in the pipe was measured
by an anemometer.

The dependencies given below were used when analyz-
ing the experimental results.

Temperature difference was found from the formula:

At=t, — t, 1)

where:

t, is the temperature of the pipe surface, °C;

t is the temperature of the surrounding environment
(the air in the laboratory), °C.

Hot air flow rate in the pipe was found as follows:
V=w-f 2)

where w is the hot air velocity at the outlet of the pipe,
m/sec;

fis the free flow cross section of the pipe, m2.
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Heat content of the air passing through the pipe was
found from the formula:

lev'tp'(tu'tlc 3)

where ¢ is the mean heat capacity of the air, kJk/m?3-°C;
t is the temperature of the air at the inlet of the pipe, °C;
t_is the temperature of the air at the outlet of the pipe, °C.

Heat losses through the pipe surface were determined
as follows:

Qu=c,At 4)

The efficiency of the power source 1 (the coefficient of
the direct conversion of thermal energy into electrical
one) was determined according to the formula:

n="r/Q; 5)

where P is the power of the power (EMF) supply source,
W.

The results of the experiment are given in Table 1 (the
denominator is the values of one section, the numerator
is the totalized indications of the EMF source).

The experiment when the EMF source was located on
the surface of the pipe showed a lower effectiveness of
thermoelectricity production, which can be explained by
the fact that the outer surface of the pipe was in a mo-
tionless air environment, whereas at the first stage of the

experiment, the outer surface of the TES was blown with
air from the heat gun. Just like in the first case, about 1%
of the total heat transferred through the heat exchange
surface was consumed to generate electrical energy.

The obtained results show that when the temperature
difference between the pipe surface and the external
environment is equal to (100-125) °C, the use of the
thermoelectricity effect for an independent EMF source
of the cathodic protection station is completely justified,
which can be demonstrated by an example.

The output energy parameters of cathodic protection sta-
tions (CPSs) produced in Russia for pipelines with a di-
ameter greater than 400 mm are as follows: rated output
voltage is 50 V; rated output current is 60 A; rated output
power is 3,000 W [09].

The calculation (without taking into account the resis-
tances) using the above experimental data, e.g. at At =
125° C, shows that to obtain voltage U = 50 V, a section
with a TIC number n = 12,000 pcs is required; it will pro-
vide current intensity of 9.2 A; and to obtain a current
intensity of 50 A and power of P = 3,000 W, the total
number of TICs will be n,__ = 65,600 pcs. The required
heat exchange surface of the power source for the CPS
will be (10 — 20) m?; it depends on the pitch between the
TICs in the row and the pitch from the TIC’s rows, its
length depends on the diameter of the pipeline. So, for
example, for a pipeline with the diameter of 500 mm and
the area of the EMF source heat exchange surface of 15
m?2, the length of the power source (EMF) will be 10 m.

Table 1: The results of the 2nd stage of the experiment

No | Temperature of the T(ejggreerralé:te Voltage | Current intensity Power
pipe surface, t,°C . V,v I mA P,W
At°C
1 100 75 0.06/0.5 10/80 0.006/0.048
2 110 85 0.065/0.55 12/96 0.0078/0.0625
3 120 95 0.091/0.7 14/100 0.0127/0.07
4 130 105 0.1/0.8 16/120 0.016/0.096
5 140 115 0.11/0.9 20/155 0.022/0.14
6 150 125 0.12/1.0 25/185 0.028/0.185
7 160 135 0.135/1.1 30/215 0.0406/0.237
8 170 145 0.14/1.2 36/240 0.0505/0.29
9 180 155 0.15/1.3 38/272 0.0572/0.354
10 190 165 0.16/1.42 39/295 0.062/0.427
1" 200 175 0.165/1.5 40/306 0.066/0.465
12 210 185 0.17/1.6 42/320 0.0713/0.51
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CONCLUSION

A significant number of cathodic stations for protection of
pipelines from electrochemical corrosion can be provid-
ed with independent power supplies (EMF).

The considered engineering solutions and experimental
data show that the thermoelectricity effect can be used
to develop an independent power source for the cathod-
ic protection station in pipelines when transporting heat
transfer fluids have a temperature of above 100°C.

Thermo emission converters consisting of paired wire
segments made of metals M1- chromel and M2 — copel
can be used as the main structural element in indepen-
dent power supply sources of cathodic stations.
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