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Abstract. This article is devoted to the methods for enhancing the power plants’ efficiency in accumu-
lation of a surplus electrical energy obtained using the renewable energy sources. The study is aimed
at analyzing the efficiency of perspective power plants for accumulation of the surplus electricity in
the form of compressed air based on rotary piston engines. To achieve the goal a comparative analysis
of efficiency of diabatic and adiabatic schemes of the electric energy storage was performed. The
analysis was found to reveal the major advantages and disadvantages, along with the design features of
each type of schemes. The main ways to increase the efficiency of the compressed air storage units,
using the rotary piston engines as the electrical energy generators, were established. The experimental
operational characteristics of the rotary piston engines showed that they are relevant to the parameters
of the power units of air accumulation. The most significant results reveal that the methods for the
analysis and of generalization have been used to develop the principal schemes of diabatic and adia-
batic power plants for the accumulation of the surplus electrical energy in the form of compressed air
using rotary piston engines, which require no additional air heating prior to expansion. The signifi-
cance of the results obtained is that the use of the rotary piston engines being a part of the diabatic ac-
cumulation unit, allowed a complete exclusion of CO, emission into the atmosphere.
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Rezumat. in lucrarea se discuti modalitati de imbunititire a eficientei centralelor electrice care acumuleazi
excesul de energie electricd obtinutd din surse regenerabile de energie. Scopul principal al studiului este de a
analiza eficienta centralelor electrice promititoare pentru acumularea excesului de energie electrica sub forma de
aer comprimat pe baza motoarelor cu piston rotativ. Pentru a atinge obiectivul stabilit al studiului, a fost
efectuatd o analiza comparativa a eficientei schemelor diabatice si adiabatice de acumulare a energiei electrice,
care a relevat principalele avantaje si dezavantaje, precum si caracteristicile de proiectare ale fiecareia dintre
scheme. S-au stabilit principalele modalitati de crestere a eficientei unitatilor de stocare a aerului comprimat prin
utilizarea motoarelor cu piston rotativ ca generator de energie electricd. Din caracteristicile experimentale
prezentate de performantd ale motoarelor cu piston rotativ, rezultd ca acestea corespund pe deplin parametrilor
centralelor electrice de stocare a aerului. Rezultatul cel mai semnificativ este ca, prin metode de analiza si
generalizare, au fost elaborate diagrame schematice ale centralelor electrice diabatice si adiabatice pentru
acumularea excesului de energie electrica sub forma de aer comprimat utilizdnd motoare cu piston rotativ care
nu necesitd incilzire suplimentard a aerului inainte de expansiune. Semnificatia rezultatelor obtinute constd in
faptul ca utilizarea motoarelor cu piston rotativ ca parte a unei unitati de stocare diabetice a facut posibila
eliminarea completd a emisiilor de CO> in atmosferd, asigurand in acelasi timp eficienta energetica globala a
unitatii la nivelul de 41%. Sunt prezentate ecuatiile de baza ale modelului matematic al ciclului de lucru al unui
motor cu piston rotativ.

Cuvinte-cheie: surse de energie regenerabile, centrald electrica, acumulator de energie, motor cu piston rotativ,
aer comprimat, temperatura de incalzire.
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Ananu3 3¢ ¢GeKTHBHOCTH NPHMEHEHHS POTOPHO-TIOPIIHEBBIX IBUraTe el 1JIsl JHePreTHYecKUX
YCTAaHOBOK aKKYMYJIMPOBaHMS N30BITOUYHOI 3JIeKTPUYECKON JHEPTHH
MuTtpodanos A. C., [Ipockypusn A. FO.
HammonansHbIit yHUBEpCUTET KopabiaecTpoeHUS MEeHH aaMupaia MakapoBa
Hukonaes, Ykpauna

Annomayusn. B naHHOW CTaThe pAcCMOTPEHBI CHOCOOBI TOBBIMICHHS 3(P(PEKTHBHOCTH SHEPreTHICCKUX
YCTaHOBOK aKKyMYyJIHPOBAaHHSA HW30BITOUYHOM 3JIEKTPUYECKOH OSHEPIUH, IOTYYEHHOH C BO300OHOBIIEMBIX
WCTOYHHMKOB 3Hepruu. OCHOBHOW IENBIO HCCIEJOBAHMA SBISCTCA aHAIN3 3(GPEKTUBHOCTH IEPCHEKTHBHBIX
9HEPreTUYECKUX YCTAaHOBOK aKKyMYJIMPOBAHUS N30BITOUHOM AIIEKTPUYECKON SHEPTHU B BHJE COKATOTO BO3IyXa
Ha 0a3ze POTOPHO-TIOPIIHEBHIX ABHrareneil. [y NOCTHXKEHHs MOCTABICHHOW LIENW HCCIEeNOBaHHS IMPOBEICH
CPaBHHUTENbHBIH aHaNU3 3P(PEKTUBHOCTH PabOTHl AMabaTHYECKOW M aanabaTHYECKOH CXeM aKKyMYJUpOBaHHS
JJIEKTPUYECKOI HEPTHH, KOTOPHIA BBISIBUI OCHOBHBIE MPEUMYILECTBA U HEJJOCTATKH, a TAK)KE€ KOHCTPYKTUBHbIE
0COOCHHOCTH KaXIOW W3 CXEM. YCTaHOBJIEHBI OCHOBHBIE IIYTH MOBBINIEHUS 3()(EKTHBHOCTH YCTAaHOBOK
AKKyMYJIMPOBaHHSI C)KAaTOr0 BO3JyXa 3a CUET NPHMEHEHHUS B KauecTBE I'eHeparopa 3JIEKTPUYECKOW IHEpruu
POTOPHO-TIOPIIHEBBIX ~ ABWMTarenei. 3  NpencTaBIeHHBIX — SKCHEPUMEHTAIBHBIX  OKCINTyaTaIl[MOHHBIX
XapaKTEPUCTUK POTOPHO-NIOPIIHEBBIX [JBHUTAaTENCH ClEeAyeT, YTO OHM B IMOJHOW MEpe COOTBETCTBYIOT
IapaMeTpaM HEpPreTHYECKHX yCTAHOBOK aKKyMYJIHPOBaHHUS Bo3nyxa. Hambomee CyIiecTBEHHBIM pe3ylbTaTOM
ABJISIETCS TO, YTO METOJAMHM aHaJIW3a U 0000mIeHNs pa3paboTaHbl MPUHIWIHAIBHBIE CXEMbI THa0aTHIECKON H
annabaTH4YecKON 3HEPreTHUECKUX YCTAaHOBOK aKKyMYJIHPOBAHHSA M30BITOUYHON 3IEKTPUYECKON 3HEPTHU B BHIC
C)KaTOTO BO3JyXa C HCIIOJNIB30BAHHEM POTOPHO-TIOPIIHEBBIX IBHUTATENICH, HE TPEOYIOMINX MOMOIHUTEIHLHOTO
MOZOTpPEBa BO3/AyXa Iepe] paclIMpeHHeM. 3HaYMMOCTh MOJYYEHHBIX pe3yJbTaTOB COCTOMT B TOM, HTO
MPUMEHEHHE POTOPHO-TIOPIIHEBBIX JABHraTelel B cOCTaBe AMA0ATHYEeCKON YCTAaHOBKHM aKKyMYJIMPOBaHUS
MO3BOJIMJIO  MOJIHOCTBIO  MCKMOYMTh  BeIOpockl CO2 B armocdepy mpu obecriedeHUH — oOIIei
sHeproapdekTuBHOCTH ycTaHOBKM Ha ypoBHE 41 %. IlpuBeneHBI OCHOBHBIC YPaBHECHHUS MAaTEMAaTHYCCKOM
MoJielM paboyero NMKIa POTOPHO-NIOPIIHEBOro jABUTaTels. [IpencTaBieHbl pe3ynbTaThl MaTEeMaTHYECKOTO
MOJICTIMPOBaHMS paboyero mpouecca POTOPHO-TIOPIIHEBOTO IBHUTATENs NPH HMCHONB30BAHUH aqHabaTHYECKOH
CXeMBI aKKyMynupoBaHus. COTIacHO NMPEJCTaBICHHBIM pe3yabTaTaM HCCIEAOBAHMUS, ITOJOTPEB BO3/AyXa Mepen
paclMpeHreM MO3BOJISIET TOBBICUTh 3(P(HEKTHBHOCTH MPeoOpa3oBaHMS HHEPIHH B POTOPHO-TIOPIIHEBBIX
IBUTATENAX. POCT WHIMKAaTOPHBIX NOKa3aTeleld NpH YBEIWUCHHUH TEMIICPaTyphl C)KAaTOTO BO3AyXa IIEpen
pacmmpenuem Ha 80°C cocrasuin 11 %, a o6mast 3 PeKTHBHOCTD YCTAaHOBKHU yBenUuuBaeTcs 10 46 %.
Kniouegvie cnosa: B0300HOBIIIEMbIE HCTOYHUKH SHEPTHH, SHEPTETHIECKAs YCTAHOBKA, aKKyMYJISITOP SHEPIHH,
POTOPHO-TIOPUIHEBOM ABUTATENb, CKAThIN BO3yX, TEMIIEpaTypa MoJorpesa.

I. INTRODUCTION solar energy, biomass energy and that of
convertible domestic wastes, as well as the
geothermal energy. Most part of these renewable
types of energy sources are found to generate the
electrical energy. The convenience of the
electrical energy generation consists, first of all,
of easy transportation and application. However,
the impossibility of the direct storage is the
electrical energy significant disadvantage. In
addition, the generation of the electrical energy
by means of the renewable sources is non-
constant and heavily predictable (e.g., the
absence of wind, cloudiness), etc.). Thus, a
necessity arises to ensure the agreement between
the generated and consumable energies. This can
be realized using various accumulating systems,
which make it possible to convert the surplus
energy into other forms, accumulate it or store,
or when necessary bring into balance generation
and consumption [5-7]. One most essential
feature of the energy accumulation system is its
capacity for a longterm storage of the
accumulated energy and continuity of the return
generation [8, 9]. A scheme, composition and,
hence, the cost of the accumulation system

The extensive advance in technological and
industrial development gives rise to intense
extraction and use of the underground resources,
as well as to a high power generation (thermal,
electrical, and mechanical). The intense burning
of hydrocarbon fuel increases the greenhouse gas
concentration in the atmosphere, particularly,
that of CO; [1]. The growth in the greenhouse
gas concentration elevates the average
temperature over the planet, which, in its turn,
leads to the global climatological disturbances
[2, 3]. The deceleration in the increase in the
average temperature on the planet can be reached
by an abrupt decrease in CO; emission into the
atmosphere. The reduction in the greenhouse gas
concentration can be ensured by lowering the
utilization of the underground resources’ fuels
and using the renewable energy sources. The
latter, as well as the energy efficiency
enhancement, are the most promising directions
in the policy of the European countries [4]. The
most extensively used types of the renewable
energy sources include wind- and hydroenergy,
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depend directly on the accumulation energy
principle and modes of exploitation. According
to the principle of the energy accumulation, the
facilities can be divided into mechanical
(flywheels, hydraulic and pneumatic
accumulators) electrochemical (various kinds of
banks of accumulators, hydrogen accumulators,
super condensers), electromagnetic
(semiconductor inductive energy storage units)
and combined devices. Among the above
methods for the accumulation of the surplus
energy the most promising are: the storage of
energy in the form of the compressed air, the
CAES (Compressed Air Energy Storage) [9-12];
in the form of the cryogenic liquid, the LAES
(Liquid Air Energy Storage) or the CES
(Cryogenic Energy Storage) [13-17]; or their
combinations at the supercritical air compression
— the SC-CAES (Supercritical Compressed Air
Energy Storage) [18]. The method for the energy
storage in the form of the compressed air is the
simplest in realization, it is reliable and safe,
however, the EFC of it is lower compared to the
LAES and SC-CAES. In [19], a principal
scheme of an electrical station is presented,
which operates using the compressed air. The
technical and economic analyses of its
realization have also been performed. A more
complicated scheme of a combined wind
electrostation, with surplus electrical energy
being accumulated in the form of compressed
air, and with the use of a biomass gasification
energy is described in [20]. The prospects for the
use of the compressed air as the surplus electric
energy accumulator have been supported by two
projects of electrostations, one of which is
implemented in Germany (Huntorf) with a
nominal power of 110 MW and the other in the
USA (Mclintosh Alabama) for 290 MW.

In [21, 22], as well as in other works
mentioned above aimed at a generation of the
electrical energy of the compressed air, the
expansion dynamic machines (turbines) are
proposed to be used. The application of turbines
in the power devices of energy accumulation in
the form of the compressed air is conditioned by
the necessity to ensure the consumption of high
amounts of air and the accumulator discharge
almost to zero values. The compressed air
expansion in the turbine can cause a substantial
temperature decrease (to subzero), which may
lead to freezing-up the piece of turbine with
flowing water and the air lines. To ensure normal
operation of the power device the compressed air
heating is necessary to perform prior to the
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expansion. The air heating is carried out by
burning the natural gas, which is also most
convenient in the case of the turbine being used.
The natural gas used for the heating up of the air
in the turbine, decreases substantially the
efficiency of the total facility. Thus, for instance,
in [23], for the efficiency increase, the thermal
energy generated from compression is offered to
be utilized for heating the rooms and water.
However, the accumulation of the heat that was
released from the air compression is most
promising to be used for the subsequent
compressed air heating before its expansion in
the turbine. These schemes of accumulation of
the compressed air allow a substantial increase in
the efficiency coefficient (EFC) of the power
system and are referred to as adiabatic ADELE
(der Adiabate Druckluftspeicherfiirdie
Elektrizitdtsversorgung) or ACAES [24-30]. In
the works presented, the analysis is absent of a
possible use of other simpler types of expansion
machines (e.g. those of a volumetric action) in
the composition of the power devices for the
energy accumulation in the compressed air form.

Our work differs from the above mentioned
earlier western works in that it proposes to use a
rotary piston engine as an expansion machine,
which requires no additional heating of the
compressed air prior to its expansion. This
makes it possible to simplify the device and
cheapen its manufacturing, as well as to refuse
the use of a natural gas for the air heating before
expansion. Thus, the estimation of the efficiency
of the use of the expansion machines of a
volumetric type in the energy accumulation
schemes is urgent and highly promising.

The purpose of this research is to analyze the
characteristics of the power devices for the
accumulation of the surplus electrical energy in
the form of the compressed air that are
manufactured using the rotary piston expansion
machines.

Il. RESEARCH METHODS

The  principle  schemes of  energy
accumulation were plotted by the common
methods of analysis and generalization using the
rotary piston expansion machines. System
analysis of the existing methods and schemes of
accumulation of the surplus electrical energy
made it possible to reveal and generalize the
major advantages and disadvantages, as well as
the most promising directions of improvement
their efficiency.
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The estimation of efficiency of using the
rotary piston expansion machines in the schemes
of energy accumulation was performed by the
method of a mathematical modeling with the use
of fundamental equations of thermodynamics,
gas dynamics, heat- and mass exchange.

The mathematical model is based on the
equation of the first law of thermodynamics for
the open thermodynamic system

)

dQJ_an:idej =d(Mu)+ pdV »
1

where dQ is the elementary heat amount

supplied to the working body; Zn:idej is the
1

entalpy flux, brought in (+) or carried out (-)
with the elementary masses dM; out of volume

V ; M is the working body mass in the cylinder;
u is the specific internal energy of the working
body; p is the working body pressure in the

cylinder.  After  certain  formula (1)
transformations, we shall obtain a differential
equation of the rate change in the cylinder
pressure of the rotary piston engine in a
generalized form;

L}
di .
Z ' = dQ, (2)
)
dp _ dp  dinv 4 d¢
do c,T™M Vd¢o c,T™M

where dQ,,; is the heat exchange with the heat-

reception wall surfaces; k is the adiabatic index;
di; is the elementary entalpy of masses, that

enter or leave the working cylinder.

The elementary entalpy of masses, which
enter of leave the working cylinder of the rotary
piston engine can be determined, using the
following formula:

dMm

nd, @ ,
J Cm-T~7ja
3o, 5

2

T do

3)

where ¢, is the average isobaric heat capacity

of the working body, entering or leaving the
cylinder; T, is the working body temperature.

The equation of heat exchange with the heat-
reception wall surfaces in a general form can be
determined according to the following formula:
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do

where o, is the coefficient of heat transfer from
the working body to the i-th heat-reception
surface; F, is the area of the i-th surface; T, is
the temperature of the i-th heat-reception wall; n
is the rotation frequency of the rotor; ¢ is the
variable value of the angle of rotation of the
engine rotor.

During dQ.; calculation, the coefficient of
transfer from air to the heat-reception surfaces,
o is determined using the dependence of A. 1.

Prilutskii [31—34] for the piston and rotary
expansion machines:

(®)

where 1 is the coefficient of thermal
conductivity; p is the air density; p is the
dynamic viscosity; D is the equivalent diameter
of the cylinder; w is the conventional rate of air
in the working cylinder; A is the density ratio
A=(p,, Ip, )"

The change in the cylinder volume with
respect of the rotation angle of the rotor is
determined using the following formula:

V() V(- [ cos(26)+
+a, cos(4¢)—a, cos(6¢)+a, cos(8¢)])

, 6)

where V, is the cylinder working volume; a,,
a,, a,,4a,,a, are the coefficients of the harmonic

sequence; € is the degree of compression.

Other components of the above differential
equation of the pressure change rate are
determined with the use of the commonly known
dependences and expressions.

During realization of the mathematical model
in the form of a calculation program, a well-
known and widespread Weyler’s method was
used. We shall indicate the major admissions, as
well as the initial and boundary conditions that
were accepted in the mathematical modeling:

1. The processes in the working cylinder can
be considered as quasi-stationary and quasi-
equilibrium. This condition can be guaranteed by
ensuring a definite ratio between the sizes of the
working cylinder and the rotation frequency of
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the central rotor. In addition, the parameters of
the rotary piston expansion machine affect the
admissible value of the selected gain of the angle
of rotation of the central rotor Ag for each step
of integration. Thus, the optimal value of the
gain of the rotor angle of rotation is Ag = 1°.

2. The composition, uniformity, density,
temperature, pressure of the working body
before the engine (in the inlet receiver) are
constant. This allows accurate initial data to be
ensured in modeling.

3. Temperature, pressure and density of the
working body (Ps, Ts, ps) at the initial moment of
time are relevant to the current value in the
cylinder Pi, T;, pi.

4. When using the compressed air as the
working body, the presence of an oil vapor and
moisture is insignificant and does not affect the
entalpy value and the change in the internal
energy of the working body.

5. Pressure changes immediately upon
opening inlet or outlet gas exchange apertures.

6. Heat transfer from the working body in the
cylinder of the expansion machine occurs at a
similar intensity of the process in all directions.
Moreover, the possible local change in the heat
transfer coefficients and local temperatures is not
taken into account, but, rather, mean values are
used. The heat transfer coefficient is determined
with the use of the independence of A. I
Prilutskii.

7. The losses of the working body through the
noncompactnesses of the working cylinder are
fairly insignificant and are estimated using the
empirical loss coefficient based on the
experimental studies performed.

8. The central shaft of the rotary piston
expansion machine rotates uniformly without
vibrations.

9. Mechanical losses upon the definition of
the efficient indices are estimated using the
mechanical coefficient of efficiency.

I1. THE RESEARCH RESULTS

The application of the system analysis during
the development and estimation of the scheme of
the power device for the accumulation of the
surplus electrical energy in the form of the
compressed air is justified by the fact that
regardless of a substantial amount of the
published sources, the existing systems are not
yet sufficiently described. Thus, the information
is insufficient or entirely absent on the
characteristics of the device elements, as well as
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on the conditions and peculiarities of their
exploitation in the composition of the whole
device for the energy accumulation.

The major disadvantage of the power
devices’ functioning in the electrical energy
accumulation based on the compressed air is a
low EFC of the energy conversion. This is what
creates the problem in practice. The simplest
scheme of the energy accumulation in the form
of the compressed air is the CAES diabatic
scheme with the external heat supply for the air
to be heated before its expansion in the turbine.

The main advantages of the system are a
fairly high resource of operation, low production
and maintenance costs (owing to simplicity), the
possibility of the accumulator discharge almost
up to zero values, as well as the possibility of
accumulation of substantial volumes of energy
(e.g., upon the wuse of the underground
hermetically sealed cavities as the air storage
reservoirs).

The essential fault of the CAES system is the
reduction in the general EFC of the energy
conversion caused by the use of air heating
supplied by the external source (natural gas
burning).

To enhance the efficiency and cheapen the
production is possible using the elements of the
accumulation system. The compressors and
expansion machines are the main elements of the
system. The most strict reliability requirements
and demands for the efficiency of the energy
conversion to ensure the wide range of
exploitation, are claimed mostly to the expansion
machines. The turbines were mentioned to be
used as the expansion machines in the schemes
of the energy accumulation. It is the turbines that
require the additional external heat supply.

It is noteworthy that the turbine adiabatic
EFC depends essentially on the productive
capacity and pressure of air at the inlet. It is most
urgent, in particular, for the minor-power
accumulator devices. Partially, this problem can
be solved by using several turbines, which
substantially complicates and, accordingly,
increases the cost of the power device.

The alternative solution can be the
application of the rotary piston expansion
engines (Fig. 1). The latter are characterized with
the high efficient indicators in the wide range of
the operational modes, since their construction
includes the advantages both of rotary and piston
expansion machines.

The major advantages of the rotary piston
expansion engines are the following:
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— simple, compact and reliable spool type
construction for gas-exchange phase control,

— low relative mass;

— high equilibrium and absence of vibration
due to a uniform distribution of cylinders and
absence of a crankshaft;

— the ratio of the piston stroke to the cylinder
diameter is less than unity (the engine is short
stroke), which ensures low values of the piston
rate (with the decrease in the piston rate, the inlet
pressure losses are reduced, and so does the
counter-pressure at the outlet);

— the absence of the dead volume;

— the possibility of control of the operational
modes owing to the change in the degree of
filling up, rather than in the inlet pressure;

— the engine start in any position;

— a better compression of the operational
space compared to the rotary machines, which
allows minimization of the compressed air losses
at partial operational modes;

— reliable system of lubrication up to —50°C.

Fig. 1. General scheme of a rotary piston
expansion machine.

The change in efficient power Ne and that in
rotation torque My depending on revolutions n of
the rotary piston engine during the operation
according to the external characteristic is shown
in Fig 2.

The values of the engine parameters are
presented in relative units, i.e., with respect to
their nominal values.
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Fig. 2. Change in the relative efficient power Ne
and the relative torque Mk of a rotary piston
engine when operating on an external
characteristic.

In addition, according to the carried out and
generalized (by the authors of this work)
experiments of the rotary piston engines using
different parameters and operational modes, this
type of engines under the positive value of the
compressed air storage requires no additional
preheating prior to expansion (Fig. 3). Moreover,
the rotary piston engine system of lubrication
can ensure a normal stable work of the engine up
to —50°C. Thus, in accordance with the testing
data, the minimum temperature is in the range of
—7...—25°C and depends, in the first place, on the
revolutions of the rotary piston engine (the air
stream rate).

TOU‘)
°C
-10

%\

=
D
-25 1

20 40 60 80 Nn/Mpom, %

o-Ps=0,8 MPa; A —-Ps=0,6 MPa;
o—-Ps=0,4 MPa

Fig. 3. Change in the temperature of the
exhaust air out of a rotary piston engine according
to the rate characteristic for different values of the

working pressure Ps.

The experimental studies were carried out
using the small-size rotary piston machines with
a work volume from 116 cm® to 535 cm?® the
ratio of the piston stroke to the cylinder diameter
of 0.39-0.44 and the relative mass of 1.6-3
kg/kW. The operating pressure in the inlet
receiver was 0.4-2.0 MPa. The rotation
frequency of the rotor varied in the range of 400-
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2200 rot/min. The effective power of the tested
engines was 1-20 kW.

Figure 4 shows the scheme of the power
device for accumulation of the surplus electrical
energy in the form of the compressed air. The
electrostation scheme in (Fig. 4) is the simplest
and cheapest scheme for manufacturing and
accumulation of the electrical energy (CAES). It

is noteworthy that this electrostation has the
essential distinction from those existing, namely,
it lacks the compressed air heating before
expansion, which is reached by the use of the
rotary piston engines.

=
>

-

el

/

il

1 —the source of electrical energy; 2 — the high-voltage power lines; 3 — the electric motor; 4 — the air
compressor; 5 — the air cooler; 6 — the compressed air accumulator; 7 — the rotary piston engine; 8 — the electrical
current generator; 9 — the consumer of electrical energy

Fig. 4. General scheme of a wind power station with a system of diabatic accumulation of surplus
electrical energy.

According to the works [10, 11, 30], the
efficiency of the CAES devices with the use of
turbines and natural gas for the air heating prior
to the expansion is up to 33.3-55.0 %. Moreover,
the natural gas burning is accompanied by the
release of CO; into the atmosphere. It is
noteworthy that the presented EFC values are the
efficiency of a complete cycle of the energy
conversion. However, the works lack the
information on the accounting treatment of the
losses and the EFC calculation. In this context,
the comparison and estimation of the efficiency
of the energy conversion appears to be extremely
problematic, and it can be performed just in the
first approximation.

A preliminary estimation of the efficiency of
the energy conversion for the proposed scheme
can be performed by comparison of the energy
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consumptions for the generation of 1 kW of the
electrical energy.

Thus, according to the known data for the
finite generation of 1 kW of the electrical energy,
at the electrostation with the power of 110 MW
(Huntorf, Germany) [9], it is necessary to
consume 0.8 kW of the electrical energy (needed
for the compressed air) and 1.6 kW of thermal
energy supplied with the natural gas (in terms of
the lowest heating capacity). In this case, the
electrostation coefficient of efficiency is 41.6 %.

According to the test data, in the absence of
control of the degree of filling up and heating of
the compressed air at the inlet (the most
unfavourable conditions of exploitation), the
effective EFC of the rotary piston engine is 0.41.
Correspondingly, if the energy consumptions for
the accumulation of the compressed air are
accepted to be equal and the losses at the storage
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in both devices are assumed to be equal too, then
the efficiency of the proposed device will almost
be at the same level (41 %). Moreover, the
absence of the natural gas burning will set to
zero CO; release. The absence of the natural gas
in the cycle of the electrical energy generation,
reduces substantially the total power of the
electrostation (by 66.7 %), at other conditions
being equal in accumulation of the compressed
air. The energy drop in the power device is
compensated by the absence of the natural gas
application and reaching the entire ecological
compatibility of the device. Thus, a compromise
is reached between the power, economic and
ecological factors of the power device. Similar
compromises are justifiable, and they are applied
fairly often in the engine building [35, 36].

In order to ensure equal capacities and
duration of electricity generation of a standard
CAES and the proposed device, it is necessary to

enlarge the reserve of the compressed air, as well
as to increase the size of the expansion machine.

The use of the adiabatic systems with turbines
allow increasing the efficiency of the energy
conversion up to 70 % compared to that of the
diabatic, which is confirmed by the energy
devices’ projects [24-30].

The application of the heat compression for
heating the air before expansion will also make it
possible to enhance the efficiency of the
operation of the rotary piston expansion
machine. Figure 5 shows the scheme of the
power device for accumulation of the surplus
electrical energy in the form of the compressed
air of the adiabatic type. In the scheme
presented, the heat released during the air
compression is collected in a special thermal
accumulator and at a discharge of the air
accumulator, the heat is supplied to the
compressed air prior to its expansion.

. 0
T%% S g
| = AR

1 — the source of electrical energy; 2 — the high-voltage power lines; 3 — the electric motor; 4 — the air
compressor; 5 — the compressor cooler; 6 — the air cooler; 7 — the heat accumulator; 8 — the compressed air
accumulator; 9 — the rotary piston engine; 10 — the electric current generator; 11 — the consumer of electrical
energy.

Fig. 5. General scheme of a wind power station with a system for adiabatic accumulation of excess
electrical energy.

The increase in the compressed air
temperature ensures increasing in the indicator
indices of the rotary piston expansion machine.

The mean value of temperature of the
compressed air heating in the modeling process
was chosen to be 80°C. Figure 6 shows the
change in the indicator diagram upon the
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increase in the compressed air temperature prior
to the expansion in the working cylinder.

Also, the adiabatic scheme use makes it
possible to decrease the volume of the
compressed air accumulator itself or to increase
the duration of the electrical energy generation,
which is particularly urgent for the accumulator
with a relatively low power.



PROBLEMELE ENERGETICII REGIONALE 4 (48) 2020

P, kP~
1500

1200

900

600

AN

210

300

0 T T
160 170 180 190 200

220 o, degree

Fig. 6. Fragments of indicator diagrams of a rotary
piston engine at different temperatures of
compressed air at the working cylinder inlet.

However, it is noteworthy that in addition to
the complication of the construction of the power
device for the energy accumulation, there is
another significant disadvantage in the adiabatic
scheme, namely, the EFC drop in the energy
conversion during the comparatively long and
unstable cycles of charging and discharging of
the accumulator. In the first place, this results
from cooling of the thermal accumulator.
Therefore, the application of the adiabatic
scheme of accumulation is more urgent for the
power devices with low energy, e.g., up to 500
KW.

IV. CONCLUSIONS

The performed research allowed defining the
possible and promising use of the rotary piston
expansion machine as a generator drive of the
electrical current in the power devices for the
accumulation of the compressed air. It was
established that the operational characteristics of
the rotary piston expansion machines (rate
characteristics and minimum cycle temperature)
are relevant to the parameters of the power
devices for the air accumulation.

The use of the rotary piston expansion
engines in the composition of the accumulation
diabatic device made it possible to refuse the
natural gas burning for the heating of air before
its expansion on conserving the total power
efficiency of the device at the level of 41 %. The
absence of the supplied energy in the form of the
burnt natural gas decreases the general energy of
the power device by 66.7 %. The decrease in the
total energy is compensated by the reduction of
CO; release to zero, i.e., in fact, it makes this
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device ecologically pure, which is a certain
compromise between the power, economic and
ecological indicators. Under conditions of the
proposed accumulation scheme, it is possible to
substantially enhance the power of the electrical
generation just by increasing the compressed air
volumes.

The modeling of the operational process of
the rotary piston expansion engine using the
accumulation adiabatic scheme showed that in
conditions of a fixed air reserve, the compressed
air temperature increase prior to the expansion
by 800C increases the indicator indices by 11 %.
In addition, the efficiency of the device for the
accumulation of the compressed air increases to
46 %.

Promising is a further study of the
characteristics of the adiabatic power devices for
the electrical energy accumulation using the
rotary piston expansion machines for different
generated power, as well as the operational
modes (charge and discharge cycles). The
research of the possibility of application of the
rotary piston expansion machines in the LAES,
CES and SC-CAES devices is also of practical
interest.
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