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Abstract. Aim. The purpose of the research is to experimentally determine the
operational characteristics of a prototype rotary-piston air engine. Methodology. To
determine the operational characteristics of the prototype rotary piston air engine, the
method of physical modeling was used. The choice of the research method is primarily
due to the design and working process of the air engine. The results obtained make
it possible to supplement the mathematical model with empirical dependencies and
coefficients to increase its accuracy, as well as to obtain practical recommendations
for the operation and maintenance of an air engine of a new design. Results. The
results of experimental researches of the prototype of the RPD-4.4/1.75 rotary-piston

Andrii S. air engine are presented. Experimental studies were carried out without preheating
Poznanskyi the air at the inlet to the inlet receiver of the air engine, as well as without adjusting
Mo3HaHCbKWIA the engine operating modes due to the degree of cylinder filling, that is, the control
AHppiit cam was in the middle (neutral) position. The air pressure in the receiver of the air

CTaHicnaBoBuY engine, depending on the established test mode, was 0.4, 0.6, and 0.8 MPa. The
rotational speed of the central rotor of the air engine varied within 400...1400 rpm.
Experimental dependences of changes in effective indicators (average effective
pressure, effective power) and torque of a rotary-piston air engine on rotations for
various values of air pressure in the intake receiver are given. The maximum effective
power of the air engine at the nominal operating mode at an air pressure in the intake
receiver of 0.8 MPa and a speed of 1400 rpm was 2.5 kW, and a torque of 17 N-m.
In this case, the maximum torque and average effective pressure are in the speed
range n = 950...1200 rpm. The maximum torque value is 18.2 N-m and the average
effective pressure is 0.18 MPa. The dependences of the change in the temporary
air consumption depending on the speed and load of the air engine are obtained.
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So, for the minimum value of air pressure in the inlet receiver of 0.4 MPa and depending on the load, the
value of the temporary air flow is in the range of 25...141 kg/h, while for 0.8 MPa — 55...226 kg/h hour.
It was found that when regulating the operating modes of the air engine by changing P, its optimal value
until a power of 1.4 kW is reached is 0.4 MPa. A further increase in the air engine load requires a gradual
increase in P_. Scientific novelty. On the basis of experimental researches, an assessment of the effective
and operational qualities of a prototype of the rotary-piston air engine of a new design was carried out.
Practical significance. The operational characteristics of the prototype of the RPD-4.4/1.75 rotary-piston
air engine were obtained, and the optimal ranges of variation of the main operational parameters of work
were determined, at which the highest efficiency of the air engine was achieved.

Key words: compressed air, rotary piston air engine, effective indicators, degree of filling of the working
cylinder, movement mechanism, transport hybrid power plant.

Amnotauisi. Meta. MeTor0 TOCTIKSHHS € eKCIIEPUMEHTATbHE BU3HAYCHHS CKCIDTyaTaliiHuX XapaKTePUCTHK
JIOCTIITHOTO 3pa3Ka POTOPHO-TIOPIITHEBOTO MTHEBMOIBUTYHA. MeToauka. /|11 BU3HaueHHS eKCILTyaTamiiHuX
XapaKTEePUCTHK JIOCIITHOTO 3pa3ka POTOPHO-TIOPIITHEBOTO ITHEBMO/IBUT'YHA BUKOPHCTOBYBABCS METOJ (hiznd-
HOTO MoJieTioBaHHs. Bubip MeTona nocmiKeHHs 3yMOBIICHHH, IIEpLI 32 BCE, 0COOIMBOCTSIMU KOHCTPYKIIi Ta
pobouoro mporiecy MHeBMOABUTYHA. OTpUMaHi pe3ysibTaTd Aal0Th 3MOT'Y JIOTIOBHUTH MareMaTudHy MOJENb
ESMITIPUYHUMH 3aJICKHOCTSIMU Ta KOe(illieHTaMU sl TTIBUIIEHHS 11 TOYHOCTI, @ TAKOK OTPUMATH MPAKTHY-
Hi PEKOMEHIAITI1 IIIOI0 eKCIUTyaTarlii Ta 00CITyroByBaHHS ITHEBMOIBUTYHIB HOBOI KOHCTpYKIIii. Pe3yabrarTn.
Hageneno pesynbrari ekcriepuMeHTaIbHHIX I0CIIIKEHb TOCIITHOTO 3pa3Ka POTOPHO-TTOPIITHEBOTO ITHEBMO/I-
suryna PI1/1-4,4/1,75. ExcriepuMeHTanbHI 1OCTIHKCHHS! TIPOBOAMINCS O€3 MONEpeHbOTo MifirpiBy MOBi-
Tpsl Ha BXOJi Y BITyCKHHUI pecUBEp MHEBMOJIBHUIYHA, a TaKOXK 0€3 PEryitoBaHHS PEKUMIB pOOOTH JABUTYHA
3a paxyHOK CTYIICHsI HAIIOBHEHHS LIUIIIH/PA, TOOTO PETYIIOIOUNA KyJIadoK 3HAXOIMBCS B CEPETHbOMY (HEl-
TpaJbHOMY) MOJOKEHHI. THCK MOBITPSI B pecrBepi MTHEBMOABHUTYHA 3aJIEKHO BiJl YCTAHOBIECHOTO PEXUMY
BunpoOyBanHs ctaHoBus 0,4, 0,6, Ta 0,8 MIla. YacTora obepraHHs MEHTPATHLHOTO POTOpa ITHEBMOABUTYHA
3miHIoBanacs y mexax 400—1400 o6/xB. [lomaHo excriepuMeHTanbHI 3aIeKHOCTI 3MiHEHHS €()eKTHBHUX I10-
Ka3HHKIB (cepeHboro e(h)eKTHBHOTO TUCKY, €PEKTUBHOI OTYKHOCTI) Ta KPyTHOI'O MOMEHTY POTOPHO-TIOPIII-
HEBOTO ITHEBMOJIBUTYHA 3aJICKHO BiJl HOTO 00€pTiB AJIsI pi3HUX 3HAUYCHb THCKY MOBITPS Y BIlyCKHOMY pECH-
Bepi. MakcumarnbHa e(eKTUBHA MOTYKHICTh ITHEBMOJBUTI'YHA HA HOMIHAJILHOMY PEKUMi POOOTH TIPH TUCKY
noBiTps y BryckHoMy pecuBepi 0,8 MlIla ta gactoti 06epriB 1400 06/xB cranoBuia 2,5 kBT, a kpyTHHIA MO-
meHT — 17 H-m. IIpn nboMy MakcHMyM KPYTHOTO MOMEHTY Ta CEpeTHHOTO e(heKTHBHOTO THCKY 3HAXOIUTHCS
B niarra3oHi oo6eptiB N = 950-1200 06/xB. MakcuMaibHe 3HA4EHHS! KPYTHOT'O MOMEHTY CTaHOBUTH 18,2 HMm, a
cepenniit edpextrBHUNA THCK — 0,18 MIla. OTprMaHO 3a1€KHOCTI 3MiHEHHSI YaCOBOI BUTPATH MOBITPS 3aJICK-
HO BiJ] 00€pTiB Ta HABAHTAXKEHHSI THEBMOJIBUTYHA. TaK, /Ui MIHIMAJIBHOTO 3HAYCHHS TUCKY TOBITPS Y BITYC-
kHOMY pecuBepi 0,4 MIla Ta 3ane)Ho BijJi HABAHTKEHHS 3HAYCHHSI YaCOBOI BUTPATHU MOBITPS 3HAXOAUTHCS Y
mexax 25—141 xr/rox, Toxi sik s 0,8 MIla — 55-226 kr/roa. BeranoBneHo, 1110 TIPH PEryJIIOBaHHI PEKUMIB
pOOOTH TTHEBMOJIBUTYHA IIUIAXOM 3MiHH P, ONTMMaIbHUM HOIO 3HAYEHHAM 10 JIOCATHEHHS TOTYKHOCTI B
1,4 kBt € 0,4 Mlla. [loganpmie 30UTbIIIEHHS] HAaBaHT)KEHHSI THEBMOJBHUTYHA MOTPEOy€e TUIAaBHOTO IIi/IBHU-
LICHHSA PS. HaykoBa noBu3na. Ha 6a3i excriepuMeHTalbHUX JTOCTIKeHb BUKOHAHA OIliHKA e()eKTHBHUX Ta
eKCIUTyaTallifHUX SKOCTEeH JOCHIAHOIO 3pa3Ka POTOPHO-MOPIIHEBOTO IMHEBMOJBHIYHA HOBOI KOHCTPYKIIIi.
IpakTuyna 3HauuMicTb. OTpUMaHi eKCIUTyaTaliiiHi XapaKTepUCTUKU AOCIIIHOTO 3pa3ka POTOPHO-TIOPIII-
Hesoro naesmonaBuryHa PI1/1-4,4/1,75, a Takox BU3HAYCHI ONTUMAJIbHI Jialla30HU 3MIHA OCHOBHHUX EKCILTY-
aTamiiHuX MapaMeTpiB poOOTH, IPH SIKUX JOCATAETHCS HaO1IbIIa e()eKTUBHICTh POOOTH ITHEBMOIBUTYHA.

KiouoBi cioBa: cTucHyTe MOBITPs, POTOPHO-TIOPIIHEBUI TTHEBMOJIBUT'YH, €()EKTUBHI TIOKAa3HUKH, CTY-
MiHb HAIIOBHEHHS pOOOYOTO IIMIITHAPA, MEXaHI3M pyXy, TPAaHCIIOPTHA T10pUIHA CHEPTreTUYHA YCTaHOBKA.
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Problem statement. Quite a long time | various loads on units and parts, the analysis
and a number of tests and studies pass from | of the service life and much more.
the stage of development of new engine The RPD-4.4/1.75 rotary-piston air engine is
samples to their serial production. So, one of | oneofthe prototypesdesignedand manufactured
the important stages in the creation of a new | at the machine-building enterprise Engine-Plus
engine is research and development tests. | LLC. This engine has a number of structural
These tests are very diverse both in content | differences from many known air engines and
and in nature. The main goal of research tests | hasits own characteristics in the organization of
is, first of all, a deep study of the processes | the work process. In accordance with this, for
of energy conversion in the engine, its units | the introduction of this type of air engine into
and systems, the study of the features of the | wide mass production, it is necessary to carry
engine operation under various operating | outanumber of research and development tests
conditions, the determination of the effect of | for various operating conditions.
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Latest research and publication analysis.
A significant number of scientists in the study of
new models of engines follow the path of physical
modeling, since it is precisely this that can give
a complete picture of the processes occurring
in the engine, and also allows the conditions of
the experiment to be as close as possible to real
operating conditions. A significant contribution to
the experimental and theoretical study of the air
engine was made by such domestic scientists as
F.I. Abramchuk, O.I. Voronkov, V.O. Bogomolov,
A. M. Turenko, A. 1. Kharchenko, I.M. Nikit-
chenko, S.S. Zhilin and others.

In the development of transport power
plants, two types of air engines are usually used.
Thus, the majority of researchers use piston air
engines, which in fact are converted internal
combustion engines [1-3], but some also
use rotary engines [4]. The use of this or that
type of air engine has its own advantages and
disadvantages, both economic and operational.

Despite the rather simple design and principle
of operation, the working process of the air
engine has a number of its own characteristics
[5] and requires experimental research, which
is confirmed by a significant number of both
domestic and foreign works in this direction [6-8].
In the context of the study of the operating cycle,
special attention should be paid to the effect of air
heating at the inlet to the air engine on the change
in effective indicators. As noted in [9—10], it is the
heating of the working fluid that can significantly
increase the efficiency of the air engine, as well
as ensure the utilization of secondary energy
resources of the internal combustion engine of a
hybrid energy transport plant. An example of such
a hybrid power plant is a prototype vehicle based
on the MeMZ-968 converted air-cooled gasoline
engine [10; 11], developed by a group of scientists
on the basis of the Kharkiv National Automobile
and Highway University. The development,
creation and implementation of such vehicles will
contribute to solving the environmental problem
of air pollution in large cities.

Separation of previously unsettled parts of
the general problem. The operation of enginesin
power plants of vehicles has a certain specificity,
and their characteristics are the dependences of
changes in the main performance indicators
(average effective pressure, torque, effective
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power, time consumption of the working fluid)
on the rotations.

Due to the fact that the RPD-4,4/17,5 rotary
piston air engine is a prototype, there are no
characteristics of its operation for it. Therefore,
in order to assess the technical and operational
parameters of an air engine of a new design
as part of a hybrid transport power plant, it
IS necessary to obtain reliable experimental
characteristics that clearly reflect the relations
between the main performance indicators in
various operating conditions.

The article aimisto determine the operational
characteristics of the rotary-piston air engine of
a transport hybrid power plant. In addition, the
obtained experimental data will provide further
improvement of prototypes of air engines and a
mathematical model for calculating the operating
cycle of a new type of engines.

Methods, object and subject of research.
It is possible to obtain the characteristics of
the operation of the air engine necessary for
the consumer by means of mathematical or
physical modeling. The prototype of a rotary-
piston air engine differs from serial air engines
in its design. First of all, the difference in
design is associated with the mechanism of
movement and gas exchange, which, in turn,
leads to the peculiarity of features of the
working process. That is why the determination
of the characteristics of the operation of a
rotary-piston air engine by only mathematical
modeling will lead to errors and can be used
only as a first approximation. Only experiments
will make it possible to fully investigate the
change in the main indicators of the engine,
supplement the mathematical model with
empirical dependences and coefficients,
significantly increase its accuracy and allow
it to be used in the further design of engines
of this type. In addition, experimental research
will make it possible to obtain and formulate
practical recommendations for the operation
and maintenance of air engines of a new type.

The object of the research is a prototype
of a rotary-piston engine and the processes of
energy conversion of the working fluid in it.
The subject of the research is the dependences
of changes in the main indicators of the
operation of an air engine of a new design.
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The basic material (results). Experimental
studies of the prototype of the RPD-4.4/1.75
rotary-piston air engine (Fig. 1) were carried out
on a special experimental stand jointly developed
and created by the machine-building enterprise
Engine-Plus LLC and the Center for Advanced
Energy Technologies of the Admiral Makarov
National University of Shipbuilding (Fig. 2).

Fig. 1. Prototype of the RPD-4.4/17.5 rotary-piston air engine
of a hybrid transport power plant

Structurally, due to a special movement
mechanism, the RPD-4,4/17,5 air engine
combines the design of a rotary and piston
engine [12]. The rotary-piston engine has
12 evenly spaced pistons with a diameter of
D = 44 mm and a stroke of S = 17.5 mm
(S/D = 0.4). The working volume of the air
engine is 320.6 cm?, while the relative dead
volume, which is due only to the technological
gaps during manufacture, is only 0.015. The
experimental stand and the design of the
prototype of the RPD-4,4/1,75 rotary-piston air
engine are described in more detail in [12; 13].

Fig. 2. General view of the experimental stand and the
dashboard based on the RPD-4.4/1.75 rotary-piston engine

So, at the first stage, experimental studies
were carried out without preheating the air at the
inlet. In this case, the value of the temperature
of the working fluid, depending on the ambient
temperature, was in the range of 18-28°C,

smi.nuos.mk.ua | editor@smi.nuos.mk.ua

N°2 (14) 2020

EHEPTETUMHE MALWUVMHOBY1YBAHHA

42

and the air pressure in the engine receiver,
depending on the set test mode, varied in the
range of 0.4—0.8 MPa. The initial air pressure in
40-liter supply cylinders was 15 MPa. To ensure
sanitary noise standards (up to 80 dB) in the
laboratory room, the air engine was equipped
with an exhaust silencer. Installing a silencer not
only ensures acceptable noise levels, but also
brings engine operation closer to real operating
conditions. At this stage, experimental studies
of the rotary-piston air engine were carried out
without adjusting the engine operating modes
due to the degree of cylinder filling, that is, the
control cam was in the middle (neutral) position.

Figure 3 shows the experimental dependences
of the change in the torque and the effective
indicators of a rotary-piston engine on the speed
for various values of the air pressure P_ in the
intake receiver. The tests were carried out for three
pressure values of 0.4, 0.6, and 0.8 MPa, while
the rotational speed of the central rotor of the air
engine varied within 400-1400 rpm. During the
tests, the values of the parameters of torque and
power were determined with a sufficiently high
accuracy due to the installation of an electric
current generator according to the “engine-scales”
scheme (the generator is mounted on supports
that allow it to rotate freely around its axis, while
rotation around the axis is limited by a thrust
lever, which, in turn, transfers the force to the
scales). According to the obtained experimental
data (see Fig. 3), there is a direct dependence of
the effective parameters of the air engine on the
pressure value P_. Thus, the maximum effective
power of the air engine in the nominal operating
mode at P, = 0.4 MPa was N, = 1.7 kW, and at
P, = 0.8 MPa — N, = 2.5 kW, while the torque
value varies from 12 to 17 N-m. The maximum
values of the torque and average effective pressure
are achieved by the air engine in the speed range
n 950...1200 rpm and, accordingly, are
M =182 Nm,p,=0.18 MPa.

The power reserve of a vehicle with a
hybrid power plant depends on the design
features of the compressed air storage and
supply system, the perfection of the air engine
itself (effective efficiency), as well as on the
operating conditions. So, to estimate in a first
approximation the range of a vehicle with a
hybrid power plant, it is necessary to know
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800 1000 1200 n, rpm

800 1000 1200 n,rpm

800 1000 1200 n,tpm

Fig. 3. Change in torque and effective indicators of the RPD-4.4/17.5 rotary-piston air engine
depending on the speed and pressure in the inlet receiver: a — torque; b — effective power;
c — average effective pressure

the volume of the supply cylinders, the air | filling and heating of the air at the inlet to
storage pressure in them (the preserved air | the air engine), the value of G, varied in the
mass), the working pressure in the receiver | range of 25-141 kg/h for P, = 0.4 MPa and
(P, limits the minimum pressure to which the | 55-226 kg/h for P = 0.8 MPa. The value of
supply cylinders can be discharged), as well | G, isgreatlyinfluencedbythemodeofoperation
as the time consumption of compressed air G, | of the air engine, the regulation of which can be
(Fig. 4) by a rotary-piston air engine. ensured by the degree of filling (by turning the

According to the conditions of the | control cam) and by changing the pressure of
experiments (no regulation of the degree of | compressed air in the receiver of the air engine.
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800

Fig. 4. Time consumption of the working fluid by the RPD-4.4/17.5 rotary-piston
air engine without preheating the air at the inlet and regulating the degree of filling

depending on the pressure in the inlet receiver and rotations

So, Figure 5 shows the dependences of the
change in the time consumption of compressed
air on the engine load for various values of the
air pressure in the intake receiver.

According to the experimental data shown
in Fig. 5 it is possible to ensure the minimum
values of the temporary consumption of
compressed air over the entire range of variation
of the air engine load by regulating the pressure
of compressed air in the intake receiver of the
engine. Technically, it is possible to realize
this by reducing the compressed air using a
gas reducer. So, the optimal value of P_ at
load modes up to 1.4 kW is 0.4 MPa. A further
increase in the air engine load at a constant
value of P, = 0.4 MPa leads to a significant
increase in the temporary air flow, therefore,
with an increase in the load and the lack of
regulation of the degree of filling, P_ needs to
be adjusted.

Gaf'r, 2
ke/h

200

150

100

50 4

0

0,2

Fig. 5. Dependence of the time consumption of the working
fluid by the RPD-4.4/17.5 rotary-piston air engine without
preheating the air at the inlet and regulating the degree of
filling: o — P, = 0.8 MPa; A~ P_=0.6 MPa; o — P_= 0.4 MPa

a4

N°2 (14) 2020

Discussion of the results.
Experimental studies of the
prototype of the RPD-4,4/17,5
rotary-piston air engine of the
transport hybrid power plant
made it possible to obtain
the first significant data
on the change in the main
operational  characteristics
of the work. Analysis of the
results allows you to adjust
and plan further stages of
experimental research.

First of all, it is necessary
to conduct a series of studies on the effect
of regulating the operating modes of the air
engine, by changing the degree of cylinder
filling, on the effective indicators. This control
method is the most effective way to reduce the
temporary consumption of compressed air, a
rather important indicator for a hybrid vehicle.
Further experimental tests are required to study
the effect of compressed air pressure in the inlet
receiver of a rotary-piston air engine.

At this stage, experimental studies were
carried out for the range of pressure changes
P.=0.4-0.8 MPa, therefore, the next stage may
be to expand this range towards increasing P_.

In addition, further experimental research
requires the influence of an increase in speed
on the effective performance of the air engine
and a change in the minimum cycle temperature
(due to an increase in the exhaust air flow rate).
In a separate series of experimental tests, it is
necessary to highlight the consideration of the
influence of preheating of compressed air. This
series of studies will require some improvement
of the experimental stand, namely the addition
of a heating subsystem and measurements of
the corresponding parameters.

Conclusions. The main operational
characteristics of the prototype of the RPD-
4.4/17.5 rotary-piston air engine without
preliminary heating of air at the inlet to the inlet
receiver of the air engine and control of the
degree of filling were obtained and analyzed.

The range of changes in the effective
indicators and torque of the air engine, depending
on the speed for various values of air pressure
in the intake receiver, has been established. For

1000 1200 #n,rpm
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example, a twofold increase in pressure P_(from | cylinder. So, in the absence of regulation, the
0.4 to 0.8 MPa) at a speed of 1400 rpm increases | value of G_ depending on the engine load
the effective power of the air engine by almost | (N_ = 0.4-2.5 kW) is in the range of 25-226 kg/h.
one and a half times (from 1.7 to 2.5 kW). It was determined that in the absence of

It has been determined that the range | regulation of the operating modes of a rotary-
of changes in the speed of the air engine | piston air engine due to a change in the degree
950-1200 rpm corresponds to the maximum | of filling, an effective way to reduce the
values of the torque (M, = 18.2 N'm) and the | temporary consumption of compressed air is to
average effective pressure (p, = 0.18 MPa). change the pressure in the intake receiver. Thus,

To achieve the minimum values of the | it has been experimentally established that the
temporary air consumption in all operating | optimal value of P_of the RPD-4.4/17.5 rotary-
modes of the air engine, it is necessary to | piston air engine before reaching a power of
regulate the degree of filling of the working | 1.4 kW is 0.4 MPa.
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