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Summary - the article deals with the accumulation of energy for the conditions
of a farming business like greenhouse, etc.. For the very beginning, the main applicable
methods of energy storage are considered and mutually compared. The main attention is
given to gravity and mechanical storage ways. The basic principles of energy
accumulation and storage for these forms of energy and the back conversion into
electrical energy are indicated for the conditions of farms. Theoretical regularities of the
air pressure stabilization time in the receiver under the constant supply are obtained for
different environmental parameters and the receiver operating conditions. The obtained
patterns make it possible to justify the operation mode of the gas storage device, its
design parameters and give the preconditions for the selection of pneumatic shut-off and
control valves, as well as electric generators.

The tasks are set for the technical implementation of the energy complex. As the
further work basis the authors see the expanding of the parameter list for the regularity
for the pressure stabilization time determination taking into account temperature
fluctuations during charging and discharging of a gas storage device and the influence
of air parameters on the performance efficiency.

Keywords: renewable energy, energy storage, energy storage gas.

Introduction. One of the main problems of alternative energy is the
unevenness of its receipt from renewable sources [8]. The sun shines only
during the day and in cloudless weather. Wind speed is also unstable.
Additionally the demand for electricity is not constant, and depends on a
large number of unpredictable factors and some others scarcely predictable
for a long period [6, 7]. Taking into account that electric energy has such a
feature, that the generated amount of the energy must be consumed and the
difficulties with the accumulation of the large volumes of electric energy,
the problem arises how to match the electric power generation and
consumption. This task is realized in practice with the different ways of the
energy accumulation implementation and to solve many technical problems
for it is actual for the great variety of the energy power generators and
different power consumers [3, 8, 10].
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The article will discuss the energy accumulation for conditions of the
farm private business with crop production like greenhouses with a need to
ensure reliable energy supply for the technological process. The solving of
the task is complicated by the fact that the electrochemical storage usage is
impossible due to the temperature fluctuations and the complexity of the
storage location features [3, 8]. Additionally, the installation gasoline and
diesel generators accompanied by products of combustion emissions, noise
and the complexity of the operation.

Analysis of recent research. There are 6 main forms of energy:
gravitational, mechanical, thermal, chemical, electromagnetic and nuclear.
Now there are artificial batteries for the energy of the first five forms [3, 7,
9]. Let us consider how these forms of energy could be accumulated, stored
and converted into electricity in the conditions of the farms.

In the gravitational energy accumulators at the stage of energy storage
the load rises up accumulating potential energy and at the right time it falls
down, returning this energy for possible usage. The use of solids or liquids
as a load contributes to the very specific type of design [9]. An
intermediate position among the mentioned types is occupied be the usage
of bulk solids (sand, lead shot, small steel balls, etc.) as energy
accumulating body.

The mechanical energy storage devises are characterized by the
movement of individual bodies or their particles. These include the Kinetic
energy of the linear or rotational motion of the body, the energy of
deformation during bending, tension, twisting, compression of elastic
bodies (like springs, etc.) [3]. There are such types of mechanical drives:
gyroscopic (energy is stored in the form of kinetic energy of a rapidly
rotating flywheel); gyroresonance (represent the same flywheel, but made
of elastic material), etc. [9].

Among mechanical drives with usage of elastic forces it is necessary
to consider a bit more attentively the ones with usage of the spring [9] and
gas as accumulating media [2, 5, 9]. The spring-based mechanical drives
(ones that use the compression and straightening of the spring, providing a
large flow rate and energy input per time unit) require a complex and
material-intensive mechanism for fixing the spring. On the contrary, the
gas-based mechanical drives (the compressed gas is fed into a turbine that
directly performs the necessary mechanical work) are simpler for the
technical implementation and operation.

Based on the literature analysis, communication with scientific and
practical experts, it was decided to focus on the gas mechanical storage
devices [4, 5]. This approach allows us to get a double product: electrical
energy and water (as it condenses in the tank, because the moist air is
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compressed from the greenhouse and cooled during the night) besides with
the possibility of the direct consumption of the compressed gas for possible
technological implementations.

A promising technology for creating energy reserves is air
compression due to available energy at a time when there is no immediate
need for it. Compressed air is cooled and stored under the pressure 60-70
atmospheres [2]. If it is necessary to consume the stored energy, the air is
extracted from the storage ring, heated, and then supplied to a special gas
turbine, where the energy of compressed and heated air rotates the turbine,
turning the shaft connected to an electric generator delivering the electricity
to the power system [2, 4].

It is not new way to solve the energy production-consumption
problem. Gas storage devices are used in transport [10], robotics [1] and
industrial energy sectors [2, 3, 6]. Various algorithms have been developed
for the technical and economic justification of the design and operation
modes of such energy-storage plants. There are developed standard
modules, like ones of the Matlab library with the Simulink environment [4,
5, 7]. For the business connected with the cultivation of closed soil there
are many natural (air composition, external influences) and anthropogenic
(technological equipment, asocial behavior of workers, vandalism, low
work culture, etc.) factors that require a detailed review of the design
choice and economic substantiation of the effectiveness of the use of gas
energy storage.

Purpose of the article. To get a mathematical model allowing to
determine the time of pressure stabilization of the receiver with the
atmospheric pressure in, dependence of the environmental parameters.

Research materials. It is necessary to consider the physics of the
processes that occur in gas storage devices to achieve the goal of the
article. This is complex and multi-parametric task. For the very beginning,
let’s determine the time for stabilization of the air pressure in the receiver
with a constant supply of external air

£ =1 (1)

where |Am| — the mass difference for the air in the tank under
atmospheric pressure and actual pressure in the tank, kg;
v - air supply rate to the container, kg / s;

With use of the reference data for the air physical properties at
certain values under the pressure P (Pa) and temperature T (K) using the
Mendeleev-Clapeyron equation, it’s possible to determine the weight of air
in the tank of the volume V (m?) according to the given parameters:
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__vp P

m = — T) (2)
where R — universal gas constant, R=8,31 J/(mol-K);
u - molar mass of air, accept the molar mass of dry air
u=28,96 g/mol.

Therefore, as follows from expression 2, the weight of air in a closed
volume under altered (m;) and atmospheric (m;) pressure should be be
calculated as:

m, = 3 (2 3)
m; =G (4)

Introducing the constant:

p=b=220 _35. 10 [LmAL K] (5
R ) ]

8,31 mol-J J
D-V |P P _2 VI[P P
t=—|2—2=35-10"3 .- |22 -2, (6)
9 ITy T, 91Ty T,

In the particular case, pressure equalization will be carried out if the
atmospheric temperature and the temperature inside the vessel are equal,
I.e. T1 = Ty, and the expression 6 takes the form

t=35-107% Yzt (6)

For an example and the simplification of further calculations let’s
accept: receiver volume V = 1 m?, atmospheric pressure P, = 100 kPa.
Under the precondition that the air in the greenhouse is dry the receiver will
charge and discharge at the same temperature. Accepted assumptions could
be easily implemented for the laboratory conditions. In such a way,
theoretical data are obtained for the stabilization time under constant
atmospheric pressure (fig. 1) and under the constant ambient temperature

(fig. 2).
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Fig. 1. Receiver pressure stabilization time under atmospheric pressure
at various ambient temperatures (P, = 120kPa)

The accepted conditions hardly could be fulfilled for the real plant in
operation as it is obvious that the temperature of the receiver will change as
well as the humidity of the air in greenhouse and both the factors should
not be neglected. Under the usage of the stored energy in the receiver under
the calm weather (if one’s plant is equipped with wind generators) or in the
dark (for plant with solar energy generation), the temperature factor will
contribute to the receiver pressure change up to the end of the filling time.
Humidity would contribute to the condensation of moisture at the bottom of
the receiver and it means technical complication for the flow of air to the
turbine.

Analysis of the graphs shows that it is better to store energy in a gas
storage device under low temperatures, taking into account the temperature
fluctuations during the discharge of the storage device. Ambient
temperature significantly affects the time of the receiver pressure
stabilization (Fig. 1), which contributes to a qualitative analysis of the
operating modes of the converter of the gas kinetic energy into the another
type of energy. The influence of the receiver pressure on the equalization
time with atmospheric pressure (Fig. 2) has more linear character and it’s
good for the future usage to justify the design and the calculation of the
receiver mechanical characteristics.
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Fig. 2. Receiver pressure stabilization time under the different
atmospheric pressures and different ambient temperature T = 293K.

Discussion

Theoretical regularities are obtained for the receiver air pressure
stabilization time under the constant supply from the environmental
parameters and under given receiver operating conditions. The indicated
regularities make it possible to justify the operation mode of the gas storage
device, its design parameters and lay the foundation for the selection of
pneumatic shut-off and control valves.

For the technical implementation of this approach, it is necessary to
solve the following tasks:

- expand the list of parameters for the determining of the pressure
stabilization time taking into account temperature fluctuations during the
charge and discharge of a gas storage device, the influence of air
parameters on work efficiency;

- study the technical and technological possibilities of the
accumulator efficiency increasing (under possible heating and cooling of
the receiver);

- study the quantitative and qualitative indicators of the process of
moisture condensation during the gas storage operation under the
conditions of closed ground structures.

It could be seen as the proposed methodology is something like a
“step backward” in the scientific approach to solving the tasks, but this is
necessary measure that was determined by the multifactor nature and multi-
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parametrical features of the introducing renewable energy sources into the
technological processes of private greenhouse facilities as autonomous
energy systems.
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IMHEBMATHUYECKAS BATAPES JIJIS1 COJTHEUHOM DHEPTETUKH B
YCJIOBUAX YACTHOI'O BU3HECA

Kamkapés A.A., Caoo A.I'., Koaas C. /.

AHHOTAIMA — B CTaThe UJET PEUb O HAKOIJICHUN SHEPTUU B YCIOBUSIX YaCTHOTO
Ou3Heca — pPaCcTEHUEBOJCTBA 3aKPBITOIO IpyHTa. PacCMOTpEHbI OCHOBHBIE METO[IbI
HakoryieHus sHeprud. Camoe O00jbllIOe BHHUMAaHHE YAEICHO TI'PaBUTALMOHHBIM U
MEXaHWYCCKUM HAKOIUTEIISIM. YKa3aHbl OCHOBHBIC MMPUHIMUIIBI HAKOIIJICHUSA U XPaHCHUS
B 9THX (hopMax SHEpPIuu U JajbHellIee Mpeodpa3oBaHue B AIEKTPUUECKYIO B YCIOBHIX
depmepckux  xo3sicTB.  [lodmyueHbl TeopeTHdYecKHe 3aKOHOMEPHOCTH BPEMEHHU
CcTa0WIM3aluU JIAaBJIEHUS BO3JyXxa B pPECUBEpPEe IpPU €ro IOCTOSIHHOM Iojaye oT
apaMeTpoB  OKpY’KaloUled Ccpeabl M 3aJaHHBIX YCIOBHMAX pabOTBl pecuBepa.
[Tony4yeHHbIE 3aKOHOMEPHOCTH IO3BOJIIIOT OOOCHOBAaTh PEXHUM pabOThl Ta30BOTO
HAKOIIUTECJIA, €ro KOHCTPYKTUBHBIC IApaMCTpbl W 3aKIaJbIBaAlOT OCHOBBI B1)160pa
THEBMATUYECKOH 3all0pHO-PEryIUPYIOILEH apMaTyphbl, a TAKKE dJIEKTPOreHepaTOPOB.

ITocTaBieHbl 3aJa4u JJIsA TEXHUYECKOMN pcam3anuu OHEPICTUUCCKOTI' O
KoMILIeKca. B ocHOBe janbHeiiell paboTbl HaXOIUTCS 3a7aya PacUIMPeHHs HepedHs
[apaMeTpoB B 3aKOHOMEPHOCTH OINpEENICHUS BpPEMEHU CTaOWIU3aluU JaBJICHUS
(ydecTb KOJIeOaHUS TeMIepaTyp MpH 3apsijie U pa3psjie ra30BOro HAKOMUTEIs, BIUSHUE
apaMeTpoB Bo3/lyxa Ha 3(PPeKTUBHOCTH pabOThI).

KiroueBble cji0Ba: BO300HOBIsIEMast SHEPreTHKA, HAKOMMUTEb SHEPTHH, Fa30BbIi
HAKOITUTECIIb SOHCPTHUU

MHEBMATHUYHA BATAPES 1J151 COHAYHOI EHEPTETUKH
B YMOBAX IIPUBATHOI'O BIBHECY

Kamkapsos A.O., Cabo A.T'., Koaas C./I.

AHoOTalifs — B CTaTTl HAETbcd MOBa MPO HAKOIMYEHHS €HEeprii B yMOBax
IPUBAaTHOTO Oi3HECY - POCIMHHMIITBA 3aKPUTOTO I'PYHTY. PO3IIIAHYTO OCHOBHI METOAU
Hakonu4eHHs eHeprii. Haiibinpmly yBary mOpuaIeHO rpaBiTalliiiHUM 1 MeXaHIYHUM
Hakonu4yBayaM. BkazaHi OCHOBHI IPUHLIMIIN HAaKOIMUYEHHs 1 30epiraHHs B uXx ¢opmax
eHeprii Ta ToOAaiblle TEPEeTBOPEHHS B EIEKTPUYHY B yMOBax (epMepchKux
rocnojgapcTB. BinzHaueHo, mo poOOTH MO JaHOMY HANpsIMKY BHPIIIYIOTH JOCHTH
IIMPOKE KOJIO 3aBAaHb, ajleé B POCIWHHUIITBI 3aKPUTOTO IPYHTY B yMOBaX IPHUBATHUX
roCHoJapcTB € 0e3diy NpUpOTHMX (CKJaJd TOBITPS, 30BHIIIHI BIUIMBH) Ta
AHTPOTIOTEHHUX (TEXHOJOTIYHE OOJIaIHaHHs, acolliaibHa TOBEAIHKH IIPAIliBHUKIB,
BaH/1aJ1i3M, HU3bKa KyJIbTypa Ipalli) YNHHHKIB, SKI BUMaraioTh JAETAIbHOTO MEPersay
METOJIUK BHOOpPY KOHCTPYKII 1 €KOHOMIYHOIO OOIPYHTYBaHHSI €(EeKTUBHOCTI
3aCTOCYBaHHA I'a30BUX HAKOMMYYyBaviB €HEPTii.
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Metoro poOOTH € OTPUMAHHS MaTEMAaTUYHOI MOJIEINI, SIKa JJO3BOJIUTH BH3HAYUTH
yac crabimizamii THCKy pecuBepa 3 aTMOC(HEpHHUM 3aJeXHO BiJ MapaMeTpiB
HABKOJIMIIIHOTO CEPEIOBHIIIA.

Jyis Toro, mOo0 MOCSITTH METH CTATTi HEOOXITHO PO3TISHYTH (Di3UKY MPOIECIB.
Jlns BU3HAuUeHHs 4acy craliiizaimii THCKY TMOBITPS B pPECHBEpPI MPU MOCTIHHINA momayi
30BHIIIHBOTO MOBITPS BU3HAYEHA Maca MOBITPS B EMHOCTI 33JJaHOTO OOCSTY MPH MEBHIN
Temreparypi Ta Tucky. i 1poro BHKOpHCTaHO piBHSHHS MeHneneeBa-KnaneipoHa.
Jis BUpiIIeHHS TPAaKTUYHOTO MPUKJIIALy MPUIHATO Pl YMOB: MOBITPS B TEIUIMLI CyXe,
3apsJiKa 1 po3psKa pecuBepa BiOyBaETHCS IPH OJJHAKOBIN TeMmeparypi.

OTpumMaHO TEOpeTHYHI 3aKOHOMIPHOCTI 4Yacy cTabumi3amii THCKY IOBITpS B
pecuBepl Mpu HOro MOCTIHHIA Moaayl BiJ| MapaMeTpiB HABKOJHUIITHBOTO CEPEAOBHINA 1
3aJaHuX yMoOBax poboTu pecuBepa. Lle 103BOMUTH OOTPYHTYBAaTH PEXHUM POOOTH
ra3oBOro HaKONMW4YyBauya, WOr0 KOHCTPYKTHBHI MNapaMEeTpH, a TaKOX 3aKJIaJar0Th
OCHOBH BHOOPY ITHEBMAaTHYHO] 3aIlipHO-PETYIIOI0YO0T apMaTypH Ta eIeKTPOreHePaTOopiB.

[TocrarieHi 3aBiaHHs Ui TEXHIYHOI peasi3alii eHepreTHYHOro KOMILIeKCcy. B
OCHOBI TIOJAIBIIOT pOOOTH 3HAXOJUTHCS 3aBIaHHS PO3IMIMPEHHS MEPENiKy MapaMeTpiB B
3aKOHOMIPHOCTI BHU3HAa4YeHHs Yacy cralumi3amii THUCKY (BpaxyBaTh KOJHBaHHS
TEMIIEPATYp TPH 3apsiii 1 pO3psiIi Ta30BOr0 HAKOMMYYBAYa, BIUIMB MapaMeTpPIB MOBITPS
Ha e()eKTUBHICTh pOOOTH).

KiouoBi cji0Ba: TOHOBIIOBaHA CHEPreTHKA, HAKOMHMYyBad EHEPrii, Tra30BHi
HAKOMUYYBa4 €HEprii.
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