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UNIVERSAL THERMOELECTRIC GENERATOR
WITH HEAT REMOVAL BY WATER TANKS

The work describes the design of a universal thermoelectric generator that can operate from any
heat source - heated flat surfaces of stoves, gas or multi-fuel tourist primus, open flame, etc. The
electrical energy received from the generator with a power 20-40 W provides autonomous power
supply for various low-power radio electronic equipment, portable radio stations, mobile
communication systems, lighting, as well as charging universal mobile batteries - power banks. To
remove heat from the cold side of thermoelectric modules, tanks with water are used, which can be
used for domestic purposes. The results of bench and field experimental studies of the developed
generator are presented. Bibl. 30, Figs. 10, Table. 1.
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Introduction

At present, the use of chemical current sources remains traditional as autonomous sources of
electricity supplying low-power radio-electronic equipment. However, their significant disadvantages
are self-discharge and low reliability, especially at low ambient temperatures and under conditions of
increased mechanical loads.

In this regard, autonomous thermoelectric power sources operating from the heat of combustion
of various fuels are especially promising. They can have a long service life, have increased reliability
and resistance to climatic and impact loads, are universal, silent in operation and easy to use. Scientists
and engineers from many countries are actively working on the creation of such sources. Thermoelectric
generators with an electric power of 2—100 W, which are intended for charging mobile phones, power
banks, radio stations, and navigators during travel and hiking, lighting and other needs, have been
developed by a number of companies (TES, Biolite, etc.) [1-13].

The main obstacle to the widespread practical use of thermoelectric energy converters is their
relatively high cost, primarily due to the high price of the thermoelectric material they are made of [14-16].

A series of studies conducted at the Institute of Thermoelectricity (Ukraine) [17-30] was aimed
at solving this problem. It allowed achieving a significant reduction in the cost of generators by
optimizing the technology for obtaining thermoelectric materials, reducing their consumption by
miniaturizing thermoelectric generator modules, developing optimal designs for such generators,
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specialized in the conditions of their use, and equipment for quality control of thermoelectric materials
and modules.

The purpose of this work is to conduct, at the Institute of Thermoelectricity, a series of bench and
field experimental studies of universal thermoelectric generators of various modifications.

1. Description of the design of a universal thermoelectric generator

A diagram of the universal thermoelectric generator developed at the Institute of
Thermoelectricity (Ukraine) is shown in Fig. 1.

The generator consists of thermoelectric generator modules 1 of the "Altec-1061" type, placed
between the hot 2 and cold 4 heat exchangers, which are interconnected by screws 3. To connect to a
water tank, the generator has special springs with hooks 5, which provide the necessary pressing force
of the cold heat exchanger to the bottom of the tank. In order to stabilize the output voltage, an electronic
unit 9 is used, connected to the generator by a cable 6 with fire-resistant insulation. And to control the
temperatures of the heat exchangers on their inner surface in the generator, two resistance thermometers
7 and 8 are placed.

o—1 °©

Fig. 1. A diagram of the universal thermoelectric generator:

1 — thermoelectric generator modules; 2 — hot heat exchanger, 3 — connecting screws,
4 — cold heat exchanger, 5 — springs with hooks for attaching to water tank;
6 —cable with fire-resistant insulation; 7, 8 —resistance thermometers;
9 — electronic output voltage stabilization unit

The appearance of a universal thermoelectric generator, which can be mounted on a 2-5 liter water
tank, is shown in Fig. 2. The generator can operate from any heat source - heated flat surfaces of stoves,
gas or multi-fuel tourist primus, open flame, etc. The tank (pan) is used to heat water or cook food. The
heat released during fuel combustion passes through the thermoelectric modules and is dissipated in the
volume of the pot, heating the water in it. In this case, temperature differences are created between the
heat exchangers and, accordingly, between the hot and cold sides of the thermoelectric modules. This
leads to the appearance of an electric voltage on the thermoelectric modules, the magnitude of which is
proportional to this temperature difference. The power that can be obtained from the thermoelectric
modules directly depends on the power of the heat source.
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Fig.2. Appearance of universal thermoelectric generator:

1 — thermoelectric generator; 2 — electronic unit of output voltage stabilization,
3 — hooks on springs for attaching the generator to a water tank

Consumers usually require a stable standard voltage, which is the most commonly used - 5V DC.
This voltage is used in most chargers, as well as for charging power banks.

To stabilize the output voltage, an electronic unit is used, which is made on the basis of a step-up
step-down voltage converter. Such converters usually have threshold values of the input voltage, within
which they operate. At the beginning of the operation of the thermoelectric generator, the temperature
difference between the hot and cold heat exchangers of the generator will be small and only when it
increases during the heating process, the voltage produced by the thermoelectric modules will be
sufficient to start the operation of the output voltage stabilization circuit. The time during which the
generator reaches the output mode will directly depend on the power of the heat source. The output
voltage from the electronic unit is output to two paired USB connectors. The indicator of the appearance
of the output voltage on the connector is the illumination of a green LED, which is located next to the
USB connector. The generator is also equipped with an additional power cable with a voltage converter
from 5V to 12V. Such voltage may also be required to power other devices. This cable can be used both
with the generator's electronic unit and with a power bank.

Thermoelectric modules have a specific operating temperature range and require protection
against overheating. Therefore, temperature sensors are installed in the heat exchange surfaces, which
are included in the light-sound alarm circuit located in the electronic unit.

To prevent damage to the generator, it is necessary to monitor the temperature regimes of its
operation. When using various heat sources, especially open fire, overheating of the heat exchange
elements of the thermoelectric block of the generator is possible. An alarm circuit warns of overheating
of the heat exchange plates of the thermoelectric block. It is triggered when the temperature of the cold
heat exchanger becomes more than 100°C (the boiling point of water), as well as when the temperature
of the hot heat exchanger becomes more than 300°C. When these temperatures are exceeded, the light
and sound alarm is triggered - the buzzer sounds and one of the LEDs lights up. If the blue one lights
up, it means that the water has boiled away, so you need to add water. Red light and buzzer sound
indicate that the temperature of the hot heat exchanger is too high. In this case, you should move the
thermoelectric block of the generator, which is located on the heat source, to a less hot place or reduce
the intensity of fuel combustion. The LED indicators are located in the holes in the body of the electronic
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unit on the side of the power cable. There are also holes for the buzzer sound output.

The developed thermoelectric generator uses highly efficient generator modules of the Altec-1061
type with an extended operating temperature range. The modules are made of a material based on
bismuth telluride and have special contact structures that allow them to withstand temperatures on the
hot side up to 350°C. The electrical power of the modules is 8-10 W, the efficiency is up to 6.5%.

Fig.3. Generator thermoelectric modules of the "Altec-1061" type with different
heights of thermoelement legs h: 1) h = 1.6 mm; 2) h = 2.1 mm; 3) h = 3.2 mm

For experimental research, thermoelectric generators of four modifications were manufactured,
which differ in geometric dimensions, the number of thermoelectric modules and the height of the legs of
these modules. The modules are manufactured using the same technology, but with different leg heights
(Fig. 3). Reducing the height, as shown by theoretical and experimental studies, even by 1.5-2 times leads
to a slight decrease in the efficiency of the modules, but allows you to significantly reduce the material
consumption for their manufacture, and, consequently, reduce the cost of the thermoelectric generator.

The main design features of various modifications of the developed thermoelectric generator are
given in Table 1. All modifications have the same thickness of the hot and cold heat exchangers - 5 mm.
In modifications A, B and C, heat exchangers with a diameter of 160 mm are used. These generators
contain three thermoelectric modules of the “Altec-1061" type with leg heights of 1.6 mm, 2.1 mm and
3.2 mm, respectively. Modification D has increased overall dimensions (diameter of heat exchangers -
180 mm) and contains four thermoelectric modules of the "Altec-1061" type with a leg height of 3 mm.
This is a modification for obtaining greater electrical power and it is advisable to use it with water tanks
of larger volume - 3—7 liters.

Table 1.
Design features of various modifications of the thermoelectric generator
Diameter of heat Number Height of module Recommended capacity
Modification exchangers, of legss, of the container,
mm modules mm 1
A 160 3 3.2 2-5
B 160 3 2.1 2-5
C 160 3 1.6 2-5
D 180 4 3.2 3-7
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2. Results of experimental studies of the developed generator

The tests of the developed thermoelectric generators were carried out both in laboratory and field
conditions. In the first case (Fig. 4), a gas burner 1 was used as a heat source. To measure the parameters
of the generator 2, fixed on the tank 3, a control unit for measuring the parameters of thermoelectric
energy converters of the Altec-10002 installation 6, developed at the Institute of Thermoelectricity, an
electronic load 5 and a temperature recorder 7 were used.

Fig. 4. Bench tests of a thermoelectric generator:

1 —heat source (gas burner); 2 — thermoelectric generator; 3 — 2.5 [ water tank; 4 —thermocouples;
5 — electronic load; 6 — control unit for measuring parameters of thermoelectric energy converters
of the “Altec-10002 " installation, 7 — temperature recording unit

The results of laboratory tests in the form of time dependences of the electric power of
thermoelectric generators of modifications A, B, C and D are shown in Fig. 5 — Fig. 8. As can be seen
from these figures, after the burner is ignited, the electric power of the generator quickly increases to its
maximum value and then gradually decreases to the operating mode as the water in the tank heats up,
and, accordingly, the temperature of the cold heat exchanger rises.
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Fig. 5. Time dependence of the electric power of a thermoelectric generator
of modification A with a capacity of 2.5 I (laboratory studies on a gas burner)
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Fig. 6. Time dependence of the electric power of a thermoelectric generator
of modification B with a capacity of 2.5 [ (laboratory studies on a gas burner)
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Fig. 7. Time dependence of the electric power of a thermoelectric generator
of modification C with a capacity of 2.5 [ (laboratory studies on a gas burner)
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Fig. 8. Time dependence of the electric power of a thermoelectric generator
of modification D with a capacity of 3.5 [ (laboratory studies on a gas burner)

ISSN 1607-8829 Journal of Thermoelectricity Ne3, 2024 79



L.1. Anatychuk, V.V. Lysko, I.A. Konstantynovych, M.V. Havryliuk
Universal thermoelectric generator with heat removal by water tanks

Thus, the maximum electric power of the generators of modifications A, B and C was 23, 21 and
17 W, respectively. The generator of modification D, containing 4 modules, has an increased power -
more than 35 W. The working values of the electric power of the generators when water boils in the
tank are approximately 30-35% lower than the maximum.

Fig. 9. Field tests of a thermoelectric generator of modification D with a capacity of 3.5 |
on a wood-burning stove: 1 —wood-burning stove,; 2 — thermoelectric generator;
3 — water tank; 4 — electronic output voltage stabilization unit

This power of generators of all four modifications is enough to power various low-power radio
electronic equipment, portable radio stations, mobile communication systems, lighting, as well as
charging universal mobile batteries - power banks.

Since, as is known, the main part of the cost of a thermoelectric energy converter is the cost of
the thermoelectric material it is made of, the results obtained indicate the possibility of significantly
reducing the cost of thermoelectric generators with heat removal by water tanks using thermoelectric
modules with reduced height of legs.

Field studies were conducted on a wood-burning stove (Fig. 9), which was also developed and
manufactured at the Institute of Thermoelectricity. Fig. 10 shows the time dependence of the power of
the generator of modification D for 1 hour from the moment of ignition of the stove. As can be seen
from Figs. 9 and 10, due to the high efficiency of the stove, the electric power of the generator in field
conditions differs slightly from that obtained on a laboratory bench.
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Fig. 10. Time dependence of the electric power of a thermoelectric
generator of modification D with a capacity of 3.5 1
(field research on a wood-burning stove)

Thus, the developed universal thermoelectric generator, combined with a wood-burning stove,

forms an autonomous thermoelectric source of electricity and heat, providing the production of 20-40

W of electrical power, 1-2 kW of thermal energy, as well as heating 3-7 liters of water for cooking and

other household needs.

Conclusions

1.

The design of a universal thermoelectric generator is described, which can operate from any heat
sources - heated flat surfaces of stoves, gas or multi-fuel tourist primus, open flame, etc. To remove
heat from the cold side of thermoelectric modules, containers with water are used, which can be used
for household needs.

. The results of laboratory experimental studies of the developed generator of four modifications,

differing in geometric dimensions, the number of thermoelectric modules and the height of the legs
of these modules, are presented. The maximum electric power of the generators of modifications A,
B and C was 23, 21 and 17 W, respectively. The generator of modification D, containing 4 modules,
has an increased power - more than 35 W. Working values of the electric power of the generators at
the moment of boiling water in the tank are approximately 30-35% lower than the maximum.

. Field studies of the developed generator on a wood-burning stove were conducted. It was established

that a universal thermoelectric generator in combination with a wood-burning stove forms an
autonomous thermoelectric source of electricity and heat, which provides the production of 20-40 W
of electrical power, 1-2 kW of thermal energy, as well as heating 3-7 liters of water for cooking and
other household needs.
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YHIBEPCAJIbHU TEPMOEJEKTPUUHNI TEHEPATOP
3 BIABEJAEHHSAM TEIIJIA EMHOCTSAMMU 3 BOJAOIO

Y pobomi nasedero onuc KoHCMpYKYii YHIBEPCATBHO20 MEPMOETEKMPULHO20 2eHEPAMOpd, WO MOdice
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eKCnepUMEeHmMAIbHUX 00CTIONCeHb po3pobnerozo cenepamopa. bion. 30, puc. 10, maébn. 1.

KnrouoBi ci10oBa: TepMOENEKTpUYHMI TeHEpaTop, TEPMOECNEKTPHYHI MOy, BHIIPOOYBaHHS,
EIIEKTPUYHA ITOTYKHICTB.
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