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Abstract. The article discusses the problem of familiarization of the students with physical basics of energy saving. Given the tech-
nical description (design and operation of the proposed device for demonstrating the conversion of thermal energy into mechanical
energy, determined by its position in the school demonstration experiment in physics and the peculiarities of its approbation. The
proposed device for demonstrating the conversion of thermal energy into mechanical energy can be used in the educational process in
physics as a visual demonstration tool in the study of selected topics in mechanics and molecular physics and thermodynamics. In
this article the device in collaboration with the experimental group students obtained the patent of Ukraine for useful model “Device
for demonstrating the conversion of thermal energy into mechanical energy”. The object of the invention was made by the use of
previously known product (a child's toy “Protective boat™) for a new purpose — as a demonstration device for physical experiment. In
contrast to known devices of similar purpose of use of the device in question allows you to demonstrate a closed cycle with a work-
ing medium that experiences a phase transformation liquid-vapor-liquid; to demonstrate the use of converting thermal energy into
mechanical energy for practical purposes; to be used as a source of energy for various fuels; to promote the safety demonstration of
the transformation of thermal energy of the working fluid into kinetic energy of the model. A device and passed peer review on the
national and international contests of physics and technical direction, where he received approval. The use of the model prorective
engine expands the horizons of students in the field of energy saving (in particular, deepens their knowledge of the devices and
methods of converting one form of energy into another), and also contributes to their interest in the study of physics as a whole.
Keywords: physical basis of energy saving, device for demonstrating the conversion of thermal energy into mechanical energy, a

demonstration experiment in physics.

Statement of the problem. The importance of learning in
the physics course of the processes of conversion of ther-
mal energy into mechanical energy is determined, among
other things, their value to solve the problem of energy
saving. So, at the present stage of technological develop-
ment is important problem of creation of installations that
would be energy efficient and would not pollute the envi-
ronment.

However, our experience shows that students (and stu-
dents) there are certain difficulties in studying such an
important issue for school and University physics courses.
Among the reasons for this do not last role is played by
weak experimental support (or lack thereof) of education-
al process in studying these issues. Therefore, the devel-
opment of appropriate demonstration devices, which
should contribute to the absorption of this material is an
urgent task.

Fig. 1. The known device for demonstrating the conversion of
thermal energy into mechanical energy:
a) model with spirometra: 1 metal bowl; 2 — manometer; 3 —
spirometer; b) the model with the turbine.

Analysis of recent research. In the analysis of the ed-
ucational literature revealed that today in school practice,

the most widely used the following two procedures
demonstrate the conversion of thermal energy into me-
chanical energy.

So, in [1, p. 115] described a device to illustrate the
water vapor, which expands. It consists (Fig. 1, a) with a
metal bullet, a working cylinder with piston, the heater, a
steam pipe connected with a pressure gauge and spiromet-
ra, and the upper end of the steam pipe is a metal tube
with a vertical hole. This device works in this way: in a
metal bowl pour the water hole of the steam pipe is
closed, lit the spirit lamp to heat the metal bullet, proving
her steam pressure to 2.02-105 PA, open the steam line —
steam is supplied to the working cylinder, lifts the piston,
doing work.

Another known device for demonstrating the conver-
sion of thermal energy into mechanical energy model is
given in [2, p. 56]. It contains (Fig. 1, b) a working cylin-
der, a combustion chamber, a heater, a steam pipe, nozzle,
turbine. The model works in the following way: the water
that is in the working cylinder is heated to the boiling
temperature, which changes its aggregate state from liquid
to gaseous (vapor). Steam exits through the nozzle and
spins the turbine.

Among the main disadvantages of both of the devices
we mention the following:

e the inability to demonstrate a closed cycle with a
working medium that experiences a phase transformation;

e low sample properties, consisting mainly in a weak
naochan the possibility of using conversion of thermal
energy into mechanical energy in practical objectives;

e danger during operation (applies mainly to the first
of these devices in the pressure of water vapor at a tem-
perature of approximately 100°C reaches 2 ATM);

e the limited duration of the devices the evaporation of
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water;

e design complexity and relatively high consumption
of the devices as a whole (together with tripods and
stands).

Together with the students of the experimental group
we developed a device to demonstrate the conversion of
thermal energy into mechanical energy, is devoid of these
drawbacks.

The purpose of the article. In this article we aim to re-
view the technical description (design and operation of
the proposed device to determine its place in the school
demonstration experiment in physics and illuminate the
features of his approbation.

The main material of the article. The idea of this device
is based on a long-forgotten child's toy that had the name
“self-Propelled boat” [3]. He was quite popular in 30-e
years of the XX century (by the way of its existence, the
author learned from his grandfather — the experienced
inventor S. M. Moshkova).

Despite the fact that the design prorective mover is a
well-known (see e.g. [4] and [5]), its function in the edu-
cational-methodical literature almost nothing is said. In
addition, remains virtually unexplored question regarding
the use of the device in the educational process in physics.
Thus, it is known from various literary sources model
protectivna courts are not seen as educational, but only as
a pure toy.

Technical description of the device for demonstrating
the conversion of thermal energy into mechanical energy.
The design of the device in question is characterized by
its simplicity (Fig. 2). This device contains: cylinder — 1;
water-jet nozzle — 2, pipe — 3; heater 4; a floating body of
the device — 5.

B

Fig. 2. Design scheme of the device for demonstration conver-
sion of thermal energy into mechanical energy.

The principle of operation of this device is as follows.
Before starting, the slave cylinder must be filled with wa-
ter. To do this in one of the jet nozzles to pour water to
completely fill the working cylinder and the pipeline. To
ensure the closed cycle of the working fluid, the floating
body of the device is placed in the water while its nozzle
is under water. As the heater can be used, for example,
dry fuel. In this device the working body changes its ag-
gregative state in a closed cycle. The principle of opera-
tion of the device is illustrated by a schedule of the ther-
modynamic cycle (Fig. 3).
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Fig. 3. An idealized cycle of the considered device.

During the first phase (phase 1 - 2) working fluid re-

ceived from the heater the amount of heat Q1<2+ ) (the “+”

sign means that the working fluid receives heat). Thus
there is a phase transition liquid - vapor (which ends at
point 2 of the cycle), which is accompanied by expansion

of the working fluid at constant temperature T1 and pres-

sure P, (P, > Py, where P, — atmospheric pressure).

The expansion of the working fluid results in the release
of water from the jet nozzle creates a jet thrust.

During the second phase of the cycle (phase 2-3 )
working fluid (steam) has continued to expand up until
the pressure is equal to atmospheric pressure (hydrostatic
pressure of the water layer at the level of the nozzles can
be neglected). At the end of the second phase of the cycle
(point 3) the pressure of the working fluid becomes equal
to the atmospheric pressure. The velocity of water in noz-
zle (against the vessel) becomes zero. During the second
phase the temperature of the working fluid decreases from

the maximum value in the cycle value T1 (point 2) to a
minimum — T, (point 3).

In connection with corotative the second phase can be
approximately regarded that flows adiabatic (Q,; = 0).

With this approach it is possible not to take into account
the processes of heat transfer in the environment from
working medium in the working cylinder and the pipeline.

Further cooling by heat transfer working fluid leads to
compression of the working fluid by the force of atmos-
pheric pressure (third phase). This compression is accom-
panied by the phase transition vapor - liquid, while there

is the return of warmth Q§;), which is released when

steam condensation, characterizing the change of the ag-
gregate state of the working fluid.

In the beginning of the fourth phase of the cycle (point
4) the working fluid is in a liquid state at a temperature

T2 and at atmospheric pressure [, . During the fourth
phase working medium expands and is heated to a tem-
perature T1 to pressure [J;. During this phase, the work-
ing fluid received from the heater the amount of heat

Q‘(&) . Thus, the loop terminates and all processes again.
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Fig. 4. Photos of existing models to demonstrate conversion of
thermal energy into mechanical energy:
a.) the first version of the model; b) improved model.

The current model of the device. Together with the
students of the experimental group, we have manufac-
tured various variants of the existing models consider the
device to demonstrate the conversion of thermal energy
into mechanical energy. The first was the model shown in
Fig. 4, and. The analysis of literary sources, which de-
scribe the design of such devices (in the first place, this
[4] and foreign electronic resources, in particular, [5]),
has allowed to improve the existing model (Fig. 4, b). It
can be used in a demonstration experiment in physics.

The current model consists of a floating hull, made in
the form of the vessel, the heat engine (prorective engine)
and heater. Heat engine in turn consists of a working cyl-
inder, tubing and nozzles. Structurally, all of these ele-
ments of the heat engine made of copper tube with an
inner diameter of about 3 mm (one specific implementa-
tion, the heat engine shown in Fig. 5, a). In the heater heat
energy in the combustion of fuel (solid fuel, or ethanol
(Fig. 5, b)). During engine operation the nozzle shall be
immersed in water. Cooler in the current model is water
in the pond.

Fig. 5. One of the options the design of the working cylinder
and pipeline model (a) and the possible design of the heater,
which uses ethyl alcohol (b).

Place the model in the educational process in phys-
ics. Consider some methodological suggestions for using
the device to demonstrate the conversion of thermal ener-
gy into mechanical energy in the physics lessons. Experi-
ence shows that the greatest training effect from the use of
this device can achieve on the lessons of generalization of
the material. This is because in the process of learning
with the students of this device fails to reproduce the
basic semantic elements of the educational material of a
specific section, as well as to demonstrate their practical
value. First and foremost, we are talking about the sec-
tions:

® “ Mechanics” (in particular, units: the momentum of
the body and systems of bodies; the law of conservation
of momentum; jet propulsion (jet engines); mechanical
energy, work, power; efficiency mechanisms);

o “Molecular physics and thermodynamics” (in par-
ticular, an ideal gas; ideal gas equation of state; sobriety;
real gases, isotherms of real gases; vaporization and con-
densation; a saturated vapor and nienasycenie; boiling;
the dependence of the pressure and density of saturated
steam temperature; changing States of aggregation of
matter; a critical state).
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Considerable teaching value is the model to organize
the cognitive activity of students in extracurricular com-
ponent of teaching physics. So, based on this device you
can:

— in-depth to explore with students the processes of
conversion of thermal energy into mechanical energy;

— to implement a number of interesting physical
demonstrations;

— to carry out theoretical and experimental studies of
model prorective of the vessel (about the experience of
using the device for teaching physics will be discussed in
our next article).

Testing of the device. In this article, the device us in
collaboration with the experimental group students re-
ceived the patent for useful model “Device for demon-
strating the conversion of thermal energy into mechanical
energy” (patent of Ukraine No. 78031 [6]). We give the
formula of the solution.

The formula of the utility model. Device for demon-
strating the conversion of thermal energy into mechanical
energy using the working fluid, which experiences a
phase transformation liquid-vapor and contains a working
cylinder, heater, duct, nozzle, characterized in that the
floating body and at least two jet nozzles, which are be-
low the line of draught of the device body, and the work-
ing fluid (water) is subjected to two-phase transformation
liquid — vapor — liquid in a closed loop.

Using the terminology of the legislation in the field of
intellectual property (in particular, the classification of the
objects of the invention [7, p. 137]), we can say that the
object of the invention in our case made use of a known
product for a new purpose. Indeed, the novelty of the pro-
posed technical solution lies primarily in the use of al-
ready known devices — a child's toy “Protective boat” —
for a new purpose — as a demonstration device for physi-
cal experiment.

.In contrast to known devices of similar purpose (two
of them are described in the beginning of the article) use
of the device allows you to:

e restrict the duration of operation of the device evapo-
ration of water in the cylinder;

e demonstrate a closed cycle with a working medium
that experiences a phase transformation liquid-vapor-
liquid;

e demonstrate the use of the conversion of thermal en-
ergy into mechanical energy for practical purposes;

e to use as a source of energy for various fuels;

e to increase the safety demonstration of the transfor-
mation of thermal energy of the working fluid into kinetic
energy models (floating body unit).

Note that the considered device has passed the expert
evaluation on the national and international contests of
physics and technical direction, where he received ap-
proval. In particular, the development was represented by
students (co-authors of the patent) on these contests:

e International competition and the Olympics projects
on the theme “sustainable world” International Sustaina-
ble World (Energy, Engineering, Environment) Project
Olympiad (abbreviated I-SWEEEP) (2010 g. m. Houston,
Texas, USA);

e International competition of research works of pupils
of 9-11 classes “Scientists of the future” (“future Scien-
tists”) (2010, Moscow, Russia organizers: Moscow state
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University and Intel);

o All-Ukrainian contest-defense of research works of
pupils- members of Small Academy of Sciences (MAS)
of Ukraine (state stage MAN 2012, Kyiv).

Conclusions. The proposed device for demonstrating
the conversion of thermal energy into mechanical energy
can be used in the educational process in physics as a vis-
ual demonstration tool in the study of selected topics in
mechanics and molecular physics and thermodynamics.
The use of the model prorective engine expands the hori-
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zons of students in the field of energy saving (in particu-
lar, deepens their knowledge of the devices and methods
of converting one form of energy into another), and also
contributes to their interest in the study of physics as a
whole.

Further research we associate with the development of
a series of theoretical and experimental tasks and interest-
ing physical demonstrations that can be implemented us-
ing the considered device.
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YuedHasi MoaeJIb YCTPOiiCTBA /IS AEMOHCTPALMH MPe0GpPa30BaHUsl TeMJIOBOI YJHEPTHH B MeXaHNYeCKYI0
A. M. Anapees, T. B. I'yasesa, C. II. Tkauenko
AHHOTanus. B crathe paccmarpuBaercss mpoOneMa O3HAKOMIICHHS ydYaIuXcsi C (H3MIECKIMH OCHOBAMH SHEProcOepexeHHs.
[IpuBeneHo TexHIMYECKOE OMICaHNe (KOHCTPYKIUS M IPHHIMI JEHCTBHUS) MpeUIaraéMoro aBTOpaMu YCTPOHUCTBA AT AEMOHCTpPaLUH
npeoOpa3oBaHus TEIIOBOI HEPTUH B MEXaHWYECKYIO, OIPEAETICHO €ro MECTO B MIKOJBHOM JEMOHCTPAIIMOHHOM 3KCIIEPUMEHTE 110
(¢u3uKe W OCBEUIEHBI OCOOEHHOCTH ero ampodarmu. IlpeanmaraemMoe ycTpoOCTBO Ui AEMOHCTpPAIMK MPEOOpa3oBaHUs TEIUIOBOM
SHEPIMM B MEXaHWYECKYl0 MOXeT OBITh HCIIONb30BaHO B Yy4eOHOM mpolecce MO (U3MKe B Ka4ecTBE HAIJISIHOTO
JIEMOHCTPAI[MOHHOT'O CPE/ICTBA ITPU M3yUEeHHUH OTJEIBHBIX TEM IT0 MEXaHHKe U TepMouHaMuKke. Ha paccMoTpeHHOE B TaHHOI cTaThe
YCTPOWCTBO B COABTOPCTBE C YYCHHUKAMH JKCIEPHMEHTAJIBGHON TpyNmbl ObUI IOJy4eH IAaTeHT YKpauWHbl Ha IOJE3HYI0 MOJENb
«YCTpOWCTBO JUIs JEMOHCTpAlUK NpeoOpa3oBaHus TEIUIOBON DHEPTUH B MeXaHHUUECKyIo». OOBEKTOM H300pETEHUs BBICTYIIHIIO
IIPUMEHEHHNEe paHee M3BECTHOTO MPOAYyKTa (JeTckoil mrpymkn «llapopeakTwBHas J0AKa») MO HOBOMY Ha3HAUYEHHIO — B KauecTBE
JIEMOHCTPAI[MOHHOTO YCTPOHCTBA IS (PU3MIECKOT0 SKCIIEPUMEHTa. B OTIMYNH OT M3BECTHBIX YCTPOWCTB aHAIOTHYHOTO HA3HAYECHHS
paccMaTpHBaeMoe YCTPOICTBO ITO3BOJISCT: IPOAEMOHCTPHPOBAThH 3aMKHYTHIH IIUKII ¢ pab0vNM TEJIOM, UCHBITHIBAIOIINM ABYX(pa3HOe
MpeBpalIeHNe JKHAKOCTh-NAP-KHAKOCTh, II0Ka3aTh BO3MOXKHOCTh WCIIONB30BAHHA NPEeoOpa3OBaHMS TEIUIOBOM OJHEPTHUH B
MEXaHMYECKYI0 B TNPAaKTHYECKUX LENAX; HCIOJB30BaTh B KAa4yeCcTBE WCTOYHHKA DHEPIUM pPas3Hble BUJBI TOIUIMBA; MOBBICHTH
6€30MaCHOCTb JAEMOHCTpAlLMU NPeoOpa30BaHus TEIUIOBOM SHepruu. PaccMOTpeHHOE YCTPOHCTBO MPOLLIO 3KCIEPTHYIO OLEHKY Ha
BCEYKPaMHCKHX M MEXIYHApPOJHBIX KOHKypcax (HM3MKO-TEeXHHYECKOTO HAIlpaBJIeHHUs, TIe MOdydmno ojnodpenue. lcnons3oBaHne
paccMaTpuBaeMOi MOJEIM MapOPEaKTHBHOIO JBUTraTeNlsl PACIIMPSAET KPYro3op ydaluxcs B oOnacTd 3HeprocOepexeHus (B
YaCcTHOCTH, YIIIyOJseT UX 3HaHUS B 001acTH MpeoOpa3oBaHUs OJHOTO BUIA SHEPTHH B APYTOi), a TAKKE CIOCOOCTBYET TOBBIIICHHIO
HX MHTEpeca K U3yUEHUIO (DM3HUKH B [ETIOM.

Kniouesvle cnosa: cusuueckue ocHnosul dnepeocoepedicenus, ycmpoucmeo O 0eMOHCmpayuu npeobpazoeanus meniogotl
SHepaul 8 MeXanuieckyio, 0eMOHCMPAYUOHHbIL IKCHepUMeHm no Quslke.
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