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Abstract. Popular renewable energy sources such as hydraulic, wind and solar energy, taken
together, cannot completely replace natural sources. As a new alternative, this paper considers the
thermal expansion energy of a solid material. A kinematic diagram and the principle of operation
of a device that converts the thermal expansion energy of a steel rod into electricity are presented.
Calculations show that new materials with given characteristics are needed to produce sufficient
power.

1. Introduction

There are various methods for converting energy, but the method of direct energy conversion, which
can seriously claim a place in small and even medium-sized power generation, is the method of
converting thermal expansion into electricity. One can find a number of developments aimed at solving
this problem. The analysis of our research is aimed at solving problems in the field of renewable energy
sources based on thermal expansion of solid and liquid materials. The principles of obtaining electrical
energy by thermal expansion and the possibilities of a new method are published, and the results are
patented in the Intellectual Property Agency of the Republic of Uzbekistan [1].

2. Methods and materials

Liquid materials are more attractive than solids due to their large coefficients of thermal expansion and
the possibility of using volumetric expansion, while in the case of solids only linear expansion can be
used. On this basis, we have taken the opportunity to experimentally show the production of electricity
by thermal expansion of pure water [2]. The results of the calculations showed that very high pressures
are needed to obtain high power, and today we cannot offer a choice of strong and durable materials that
could withstand sufficiently high pressures. Hence, we also made an attempt to create a unique device
using a combination of both liquid and solid thermal expansion [3].

However, our further research was directed towards the creation of a device for the production of
electricity through the thermal expansion of solid material only. In this case, the solution of the problem
is reduced to amplifying a relatively small linear displacement and converting it into rotational motion.
For this, the speed of the generator driven by thermal expansion must be as low as possible. The analysis
shows [4] that there is a wide range of low speed generators, starting from 300 W, 20 rpm up to 30 kW,
100 rpm. We limited ourselves to a generator with a power of 5 kW, 150 rpm and tried to prove that it
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is possible to drive this generator due to the thermal expansion of a solid material. So, due to some
losses, we must rotate the generator shaft at least at a speed of 100 rpm. How to do it? To implement
these problems, it is necessary to make engineering calculations to select the design and ensure the
principle of its operation.

3. Outcomes
Let us to consider a number of technical solutions for the implementation of the task.

3.1. The choice of design and principle of operation

Amplification of a small movement is carried out in two stages: by a lever-amplifier and compound
gears. The scheme of the lever-amplifier is shown in figure 1. It can rotate around the attachment point
O under the action of force F.

Figure 1. The lever system.

The left side of the lever consists of a strong rod with a length of r = 1 m. The right side is a segment
of a large gear with a radius of R = 10 meters. The force F due to the thermal expansion of the steel rod
turns the lever, and the teeth on the right side turn the compound gear I.

The main part of the device is schematically shown in figure 2. Three identical compound gears are
connected in series to the lever-amplifier. Small gears have a radius of 1 meter and 6 teeth. Large gears
have a radius of 10 meters and 90 teeth. The generator shaft will be attached to the fourth gear.

- / ] I v
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|

Figure 2. The scheme of the main part of the device. I, I, 1l - composite gears, 1V - gear for
connection with the generator shaft.

3.2. Calculations
Device parameters and initial conditions are presented in table 1.
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Table 1. Device parameters and initial conditions.

1 Initial length of steel rod Lo, m 500

2  Cross-sectional area of steel rod A, m? 0.26

3 Change in temperature in direct sunlight AT, °C 70

4 Thermal expansion time t, hour (second) 1 (3600)

The linear expansion AL = 0.42 m can be calculated using the expression
AL=0L,AT, 1)

where 0=12-10° °C? — coefficient of linear thermal expansion of steel [5]. On sunny days this can be
achieved easily. One end of the steel rod is fixed motionlessly, and the other end will move 0.42 min 1
hour. The thermal expansion forces depend on the change in temperature, the initial length of the steel
rod, its cross-sectional area, the coefficient of thermal expansion and Young's modulus. Let us now turn
to some calculations regarding the stress-strain of steel. It is obvious that the elongation of steel is
accompanied by the stress-strain state forces according to [5]:

FIA =Y AL/Lo, 2

where the left side of the equation describes the stress, and the right side describes the deformation, F is
the force arising due to the elongation of the steel rod, Y=2.10 x 10! N/m? is Young's modulus for steel.
The value of the required force F depends on the power of our device. This force F=4.5864-10" N can
be determined by solving equation (2) for F:

F =AY AL/Lo. ?3)

This is the limit of the force that the system can physically withstand. This means that the forces arising
during thermal expansion should be less. Now let's try to estimate the force that occurs in 1 hour of
thermal expansion, where the temperature change is 70°C. It is well known that the power of rotational
motion is defined as [5]

P=rton, 4
where t is the torque and o is the angular velocity. Torque, in turn, is defined as
t=Plo=Fr, 5)

where F is the force, r is the radius of rotation. As can be seen from (4), the power is directly proportional
to the torque and angular velocity.

To estimate the angular velocity of the lever, it is necessary to calculate the approximate angle by
which the left side of the lever will turn. The distance h = 0.42 m traveled by the end of the lever can be
represented as a chord of length h of a circle with a radius of 1 m, as shown in figure 3.

h I (____ -

Figure 3. Scheme for determining the angle of rotation.
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The steel rod expands and will turn the left side of the lever clockwise around the attachment point
(point O in figure 3) due to the sliding contact. According to the figure, we can write

r _ h/2 1
sin90 ~ sin(8/2) = sinpg’ (6)
and
sin (0/2) = 0/ _ 1 _ 99, O =2-12.123° = 24.246°.
r 2r

Now it is possible to calculate the angular velocity, wo=1.175-10* rad/s, the torque, 16=4.255-10" Nm,
and the force, f,=4.255-10" N, generated in the left side of the lever during one hour of thermal expansion
with using the following expressions:

0 22’:§gor0t-2n’rad
@Wo = ¢ = T 3600sec )
T, = P _ _ 5000 ®)
wy  1.175-107%
fo = To _ 4.25510’Nm )
0 T im '

This is the force with which we are going to get a rotational movement. As mentioned above, we can
adjust this force from zero to the maximum value (4.255-10” N) by changing the load, which consists of
a lever system, compound gears and a generator. In other words, the force can be changed by changing
the power of the generator we are using. But we cannot increase the power of the generator indefinitely,
since the maximum force is limited by the geometry and physical properties of the steel rod.
Obviously, the right side of the lever has the same angular velocity as the left side. Thus, we can

define the distance | = 4.2 m traveled by the right side of the lever as an arc with an angle of 24.246°
from the following proportion:

2mR _ 1

3600 24.246°’
where R = 10 m is the radius of the right side of the lever. The right side of the lever is a part of gear
with a radius of 10 meters and 90 teeth. Then for the distance | = 4.2 m there are 18 teeth. Three
compound gears are attached to these teeth. The first compound gear rotates three times in 1 hour, and
its 90-tooth gear also rotates three times. The second compound gear makes 45 revolutions, and the third
gear - 675 revolutions. Angular velocities, torques and tangential forces of compound gears are
presented in table 2.

(10)

Table 2. Angular velocities, torques and tangential forces of compound gears.

Compound Angular velocity, =06/t Torque, 1=F-r=P/w, Force, F=t/r=P/(®r), N
gears rad/sec rpm N-m r=1m r=10m
| 5.236:10°2 0.05 9.549-10° 9.549-10° 9.549-10*
I 7.854-1072 0.75 6.366:10% 6.366:10% 6.366:10°
11 1.178 11.249 4.244-10° 4.244-10° 4.244-10°

The generator shaft makes 10125 revolutions per hour or 168.75 revolutions per minute. Shaft
angular velocity wsy=17.672 rad/s, its torque tsn=2.829-10> Nm and tangential force Fs=2.829-10% N
can be calculated using the following expressions:

6 _ 10125 rot-2nrad

Wsh =7 = 3600sec (11)
P
Tsh = oo (12)
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Fsp == (13)
Sh
4. Discussion

Thermal expansion of solids results in excessive forces that can destroy railroads, bridges, and buildings
if not provided for appropriate measures. These huge forces can be used to produce useful energy under
certain conditions. The main problem in generating electricity from the thermal expansion of solids is
the amplification of very small movements due to the elongation of solid materials. Therefore, the need
for very low speed generators of sufficient power is vital.

The results of the study of a number of works [6-14] coincide and confirm the approach to solving
problems for the production of electricity due to the thermal expansion of a solid material, however, the
practical use of methods and instruments to control the composition and properties of materials is
required. Research is still limited and hampered by the complexity and heterogeneity of raw materials
and the diversity of their physicochemical properties. Continuous fixation of the change in the state of
the material under study makes it possible to establish with high accuracy the nature of the majority of
physical and chemical processes occurring in the material, which requires engineering calculations to
select the design of the device and ensure its operation. To solve these goals, it is necessary to develop
a mathematical model of the device, to take into account the parameters of the components and changes
in the ambient temperature, which will make it possible to predict the feasibility of using the device.

5. Conclusion

As a result of the analysis and evaluation of the possibilities of the chosen method for creating a device
for the production of electricity based on the thermal expansion of a solid material, the applicability of
this method in the energy complex is considered. The main problem in creating such devices is the gain
of small displacement. To solve this problem, two maneuvers were carried out in the work: (1)
amplifying by a lever system; (2) transformation of rectilinear motion into rotational and further
amplifying by composite gears.

Relationships between the length of a solid material, its cross-sectional area, temperature change,
and the parameters of a lever system and compound gears have been developed. It can be seen from
theoretical calculations that in order to obtain greater electrical power, solid materials with a large
thermal expansion coefficient and a large Young's modulus are needed.
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