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ENSURING INCREASED RELIABILITY AND EFFICIENCY
OF HEAT SUPPLY SYSTEMS DUE TO THE USE
OF MICROTURBINES IN CONDITIONS OF UNSTABLE
POWER SUPPLY

A. Masypenxo, O. Knumuyk, I. Jlyscancoka, 1. leanos, 1. Cepeecs. 3aGe3nedeHHsi miaBUIIeHHs] HailiHOCTI Ta edeKkTHBHOCTI
CHCTeM TeNJIONOCTAYAHHS 32 PAXYHOK BHKOPHUCTAHHS MIiKpPOTYpOiH B yMOBaX HecTabiIbHOIO0 eHepro:kKmBJjeHHs. [loCiiKeHHS
e(eKTUBHOCTI BUKOPUCTAHHS MIKpOTYpOiH Ul HaIiiiHOro eHepro3abe3lnedeHHs Ipu poOOTI KOTENbHMX, TEIUNIOBUX HACOCIB Ta IHIIHMX
CHCTEeM MaJioi Ta HETPAAWLIHHOI €HepreTMKH. 3 OISy Ha TOTaJbHY CBITOBY E€KOHOMIIO MHaJIMBHO-CHEPIETHYHHX PECYpCiB, BaXKKy
EHEepreTUYHY CHUTYAIlil0 B YKpaiHi Ha MeplIe Miclie BUXOIATh MUTAHHS CHEPro30epeKeHHs Ta HaliiiHOi pOOOTH CUCTEM TEIIONOCTaYaHHs, B
TOMY 4YHCJi aBTOHOMHHX. Bce OinbIl akTyaJlbHUMHU CTalOTh PO3POOKH Ta BIPOBAKEHHS HOBHX TEXHOJOTIH y raiay3i Majol eHepreTHKH.
KommaxkTHi po3Mipu reHepaTopiB eHeprii, i, BiIIOBIIHO, iX MOOIIbHICTEMBUKIIMKAIOTH 1HTEPEC y AOCIIPKEHHSX, pO3po0IIi Ta 3aCTOCYBaHHI B
Majliii eHepreTHIli CyJacHHX aBTOHOMHHMX SHEpPreTHYHUX YCTaHOBOK. B SIKOCTI aBTOHOMHHX MOXXYThb OyTH 3aCTOCOBaHI TEIIOCHEPreTHYHI
YCTAQHOBKH 3 Pi3HUMHU THUIIAMH arperaTiB, KOXKEH MOXE BUSIBUTHCS palliOHaJIBHUM s Tiei a0o iHIIOT KOHKPETHOT c(epH 3aCTOCYBAaHHS 1 BULY
nammBa. Ha cporofni icHye psaa mpo0ieM, IIo 10 TO3BONSAE 3IMCHIOBaTH OpraHi3alilo HafiifHoro eHepromocradaHHs. Cepen HuX:
eHeproaedilMT B perioHax, BiICYTHICTh SKICHOI eHepreTHuHOI iHGpacTpyKTypH, epedoi B eHepronocTayanHi, HU3bKa eHeproe)eKTHBHICTb
reHepauii, BUCOKMH 3HOC YCTaTKyBaHHsS TEIUIOBUX eJIEKTPOCTAHLIH 1 MepexeBol iH(PAcTPYKTypH, BiJCYTHICTH LIEHTPai30BaHOIO
TEIUIONOCTA4YaHHA Ha BHJAJICHUX TEPUTOPISX, BUCOKA EHEPTOEMHICTh BUPOOHHUITBA. 3apa3 Ul CHOXKMBAYiB BUHUKAIOTH P MEPELIKO]] B
HagiifHi pobOTi cHCTEMM €HEpronocTayaHHs, TOMY 3aCTOCYBaHHs MIKPOTYpOiH B SKOCTi Jpkepena eHeprii [uii 00’€KTiB pi3HOMaHITHOTO
MPU3HAYECHHS JIO3BOJIATH €(PEKTHBHO BHUPIMIYTH L0 HpoOsieMy. 3aCTOCYBaHHS IMPOTUTUCKOBUX MAapOBHX MIKPOTYpOiH B KOTEJIBHUX 3
MapOBMMH KOTJIAMH — HAWOLIBII TpOCTHi Croci® yTwimizamii eHeprii mapoBOro NoOTOKY JUIs BHPOOJIEHHS €JEKTPOEHEpTii Ta Mmojaibiol
yrumizanii Terula mapu B Oodnepi. IlepeBenenHs icHyrounx KotenbHMX Yy MiHI-TELl no3Bomute 3poOuTH 1 mignmpHeMcTBa
BHCOKOpEHTa0eIbHIMH. Y po3paxyHKax Oyiu NpHHHATI B sikocTi 6a30oBux kotiH cepil [IKBP, ski € nmepeBakalounMy HAHI Ha KOTEIBHHX.
PozpaxyHok poGodoro xoseca MiKpOTYpOiHH pOOMTBCS CMUPAlOYUCh HAa piBHsSHHA Eiinepa mis miockomapanenbHOi Tedii. AHami3yrodn
BUKOHAHI JIOCIIJUKCHHS POOOTH MIiKpOTYpOiHH, MOXKHO 3pOOUTH BHCHOBOK IIPO MOLUIBHICTH Ii BUKOpHCTaHHS i migsuiienHs KK]{ Ta
HaIIHHOCT] (DYHKI[IFOBAaHHS AaBTOHOMHHX CHEPIreTHYHHX YCTAHOBOK.

Kniouogi cnosa: aBTOHOMHI €HEPreTHYHI YCTAaHOBKH, MiKpOTypOiHa, CHCTEMH €HEpProlnocTadaHHsl, MapoBHil KOTEl

A. Mazurenko, O. Klymchuk, G. Luzhanska, P. lvanov, I. Sergeiev. Ensuring increased reliability and efficiency of heat supply
systems due to the use of microturbines in conditions of unstable power supply. Research on the effectiveness of using microturbines for
reliable energy supply during the operation of boilers, heat pumps and other small and non-traditional energy systems. In view of the total
global economy of fuel and energy resources, the difficult energy situation in Ukraine, the issues of energy saving and reliable operation of
heat supply systems, including autonomous ones, come first. The development and implementation of new technologies in the field of small
energy are becoming more and more relevant. The compact size of energy generators, and, accordingly, their mobility, arouse interest in
research, development and application in small energy of modern autonomous power generation installations. Thermal power plants with
different types of aggregates can be used as autonomous units, each of which can be rational for one or another specific field of application
and type of fuel. Today, there are number of problems that make it possible to organize a reliable energy supply. Among them: energy deficit
in the regions, lack of high-quality energy infrastructure, interruptions in energy supply, low energy efficiency of generation, high wear and
tear of thermal power plant equipment and network infrastructure, lack of centralized heat supply in remote areas, high energy intensity of
production. Now for consumers there are a number of obstacles in the reliable operation of the energy supply system, so the use of
microturbines as an energy source for objects of various purposes will allow to effectively solving this problem. The use of counter-pressure
steam microturbines in boiler rooms with steam boilers is the easiest way to utilize the energy of the steam flow to generate electricity and
further utilize the steam heat in the boiler. The transfer of existing boiler houses to mini-CHP will make these enterprises highly profitable.
In the calculations, the boilers of the DKVR series, which are predominant today in boiler rooms, were taken as the basic boilers. The
calculation of the microturbine impeller is based on the Euler equation for plane-parallel flow. After analyzing the studies of the
microturbine, it is possible to conclude about the expediency of its use to increase the efficiency and reliability of the operation of
autonomous power plants.

Keywords: autonomous power plants, microturbine, power supply systems, steam boiler

Introduction
Today, turbines occupy a central place in the large-scale energy industry, they have proven them-
selves excellently with their operational characteristics, and have almost completely supplanted all
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competitors. Engines of this type are installed at all traditional power plants — thermal power plants,
nuclear power plants, hydroelectric power stations, and there are no alternatives to them in the
near future.

Turbines are less common in the small energy sector. For quite a long period of time
(1950...1990), the large-scale construction of distributed energy systems was held back by the lack of
an appropriate technological base. Today, new technologies and materials make it possible to make
compact power plants available for autonomous power supply of individual plants, small factories and
settlements. The mass production of such generators makes it possible to create new interesting solu-
tions based on them, while using the source of energy that was always nearby, but yesterday did not
bring any energy benefit.

Small-scale energy is a direction of energy related to the production of heat and electricity inde-
pendent of centralized networks [1, 2]. The compact size of modern generators and their mobility are
all attractive and characteristic features of installations in the small energy sector. As a result, the de-
velopment and widespread use of autonomous energy systems (AES) in everyday life is an urgent is-
sue in small power generation [3].

The areas of use of the low-power AES are very wide, namely: heating boilers, industrial enter-
prises, medical institutions, residential cottages, business centers and other objects of large cities; main
gas pipelines, gas distribution stations, oil pipelines that require energy supply for normal functioning;
enterprises for the processing of household waste; developing areas where there are currently no ener-
gy sources and power lines; energy deficit areas; reservation of power transmission lines that feed re-
sponsible energy consumers, as well as filling the electricity deficit caused by natural disasters and
other emergency situations; mobile sources of electrical and thermal energy for the needs of the Minis-
try of Emergency Situations; small towns, cottage villages and villages, many of which still have not
resolved the issue of centralized heat and power supply; etc., which require electrical, thermal, me-
chanical energy, water supply and compressed air [4, 5].

Thermal power plants with different types of units can be used as autonomous units: internal
combustion engines; steam and gas turbines or their combinations. Each of these types of units can be
rational for one or another specific field of application and type of fuel.

Analysis of the latest research

Today, there are number of problems that prevent the organization of reliable energy supply.
Among them are energy deficit in the regions, lack of high-quality energy infrastructure, interruptions
in energy supply, low energy efficiency of generation, high wear and tear of thermal power plant
equipment and network infrastructure, lack of centralized heat supply in remote areas, high-energy
intensity of production.

The most effective use of microturbines as an energy source is proposed to meet the energy needs
of agriculture and communal infrastructure [4, 6, 7]. This contributes to ensuring and maintaining en-
ergy security, significantly reducing energy intensity in the industry. Microturbines enable the efficient
use of renewable energy sources (biogas) for energy supply in rural areas and the use of heat pump
stations [8, 9, 10].

The use of microturbines as a source of energy also contributes to preventing the growth of prices
for heat and electricity for end consumers. Microturbines make it possible to effectively using the
steam of low-potential boiler houses with steam boilers, as well as renewable energy sources (biogas)
for energy supply in rural areas [9].

Now for consumers there are a number of obstacles in the reliable operation of the energy supply
system. Centralized networks sometimes cannot allocate the necessary amount of electricity due to the
lack of reserve capacities. Tariffs for the use of electricity are constantly increasing. In this regard,
more and more users are looking for ways to reduce power costs, for example by using alternative
sources. Overloading of municipal networks leads to interruptions in power supply, voltage fluctua-
tions, and power grid failures. In other words, the user risks being left without electricity, heat and
light, not to mention the failure of expensive equipment.

Goal

The purpose of the work is to create a microturbine generator for electricity production with inte-
gration into the steam boiler plant scheme.

Presenting main material

In the existing conditions of the energy crisis, the constant growth of energy prices, the construc-
tion of mini-thermal power plant based on back-pressure turbines, which are used as power-generating
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equipment, is relevant [6]. Counter-pressure turbines, which are installed in boiler rooms with  two-
drum boilers or others, work in the scheme of the boiler room instead of the reduction and cooling
unit, or in parallel with it on the pressure difference of the saturated steam of the enterprise, which
goes from the boiler to the technology, to heating and hot water supply.

If a steam turbogenerator is installed parallel to the reduction unit and steam reduction is done in
the turbine, then instead of throttling in the reduction unit, electricity will be produced by the unit's
generator.

The conversion of existing boiler houses into mini thermal power plants will make these enter-
prises more reliable and highly profitable [4].

Installation of a turbogenerator behind a steam boiler is under consideration. Based on this, the
initial parameters of the steam entering the turbine are identical to those of the steam generated in the
boiler. It should be taken into account that steam boilers in heating boiler rooms are operated at re-
duced pressure, excluding the super heater.

In the calculations, it was customary to focus on two-drum boilers, currently prevailing on boiler
rooms. The steam temperature before the turbine corresponds to the saturation temperature at a given
pressure. Steam is considered dry and saturated. The measure of pressure reduction, @, is determined
taking into account the pressure to which the steam is reduced. The internal relative efficiency coeffi-
cient of the turbine, 1, is set based on the data of similar developments. The ratio of the average di-
ameter of the outlet to the diameter of the impeller y is set according to the required design characteris-
tics. The enthalpy, hy, and entropy, so, of the steam before the turbine is determined according to the
temperature and pressure of the coolant at that point. The enthalpy of the steam at the exit from the
turbine at an isentropic heat transfer corresponds to the coolant with parameters P, and s,. The speed
of the steam in front of the nozzle blades can be assumed to be within 30 m/s. The further calculation
is based on the Euler equations for plane-parallel flow, which were applied for this type of turbine. To
determine the main characteristics of the microturbine, we use the method of calculating radial-axial
turbines and determine the analysis of the influence of the given power on the characteristics of the
microturbine.

The results

We will perform a study of the performance characteristics of the microtubule under various pa-
rameters.

Variant 1

The calculation was carried out in the power range of 100...1000 kW with constant parameters:

— rotation frequency n=40000 rpm;

— efficiency n=80 %;

— degree of pressure reduction ¢=4;

— parameter X;=0.8;

— parameter x=0.6.

The results are summarized in Table 1 and also presented in diagrams (Figs. 1, 2).

Table 1

Results of thermal calculation in the power range for 1 variant of microturbine operation

N, KW |n,rpm|n,% | o |Dymm| Xg |G, t/h| x |lymm |l mm| Dy mm | Damig, mm | Dy mm
40000| 80 | 4 214 08| 2 0.6 3 6 123 128 134
200 [40000| 80 | 4 214 08| 4 0.6 7 12 117 128 140
300 |[40000| 80 | 4 214 08| 6 0.6 10 18 111 128 146
400 |40000| 80 | 4 214 08| 7 0.6 13 23 105 128 152
500 |40000| 80 | 4 214 08| 9 0.6 17 29 99 128 158
600 [40000| 80 | 4 214 108 11 | 0.6 20 35 93 128 164
700 [40000| 80 | 4 214 08| 13 | 0.6 24 41 87 128 169
800 [40000| 80 | 4 214 108 15 | 0.6 27 47 82 128 175
900 |[40000| 80 | 4 214 08| 17 | 0.6 30 53 76 128 181
1000 |40000| 80 | 4 214 |08 18 | 0.6 34 59 70 128 187
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Fig. 1. Graphic representation of the results of the
design calculation in the power range for 1 variant
of microturbine operation

Fig. 3. Graphic representation of the results of the
design calculation in the range of rotation frequencies
for the 2nd variant of microturbine operation

G,t/h
16 Variant 2
The calculation was carried out in the speed range
12 of 10,000-100,000 rpm with constant parameters:
8 — power Ni=200 kW,
— efficiency n=75 %;
4 — degree of pressure reduction ¢=4;
— parameter X;;=0.5;
077200 400 600 800 N, KW — steam consumption per turbine G=4 t/h;

— parameter x=0.6.
The results are summarized in Table 2 and pre-
sented in the diagram (Fig. 3).

Fig. 2. Graphic representation of thermal calculation
results in the power range for 1 variant
of microturbine operation

Table 2
Results of thermal calculation at variable rotation frequency for the 2nd variant of microturbine operation
N,KW | n,ripm [0, % [ @ [Dymm| X5 |G, th] y [ lomm | L mm | Dy mm | Dyyig mm | Dy mm
200 10000 | 75 [4| 512 |05]| 4 0.6 3 3 304 307 310
200 20000 | 75 [4| 256 |05 4 0.6 6 5 148 153 159
200 30000 | 75 [4| 170 |05 4 0.6 9 8 93 102 111
200 40000 | 75 |4] 128 |05 4 0.6 12 11 65 80 88
200 50000 | 75 [4| 102 |05 4 0.6 15 14 47 61 76
200 60000 | 75 [4| 8 |05 4 0.6 19 17 33 51 68
200 70000 | 75 [4| 73 05| 4 0.6 22 20 23 44 64
200 80000 | 75 [4| 64 05| 4 0.6 25 23 15 38 61
200 90000 | 75 [4| 56 |05 4 0.6 28 25 8 34 60
200 | 100000 | 75 |4] 51 [05] 4 0.6 31 28 2 30 59
Conclusions

Analyzing the obtained results of the calculation of the structural and thermal characteristics of
the microturbine of variant 1, we observe a linear increase in the steam consumption with an increase
in the required power of the turbine, which was to be expected. The height of the vanes at the inlet and
outlet of the flow is correlated in proportion to the flow rate. In the range of small powers, the low
height of the blades can negatively affect the efficiency of the unit. It can be seen that in the area of the

MACHINE BUILDING



62 . . . . ISSN 2076-2429 (print)
IMpaui Oxecbkoro noiTexHiYHOro yHiBepcutety, 2022. Bur. 2(66) ISSN 2223-3814 (online)

graph, the diameter of the impeller and the average diameter of the flow outlet remained unchanged,
which results in a decrease in the root diameter with increasing power. It is worth paying attention to
this, since this circumstance will lead to a decrease in the diameter of the shaft and possible incon-
sistency of its strength characteristics with the required ones. The shaft can be destroyed by the twist-
ing moment when transmitting power to the generator. Therefore, it makes sense to calculate the
strength of the shaft. From the results of the microturbine according to the 2nd variant, it can be seen
that a decrease in the frequency of rotation of the rotor leads to an increase in dimensions. Another
negative consequence of reducing the rotation frequency is the reduction of the channel width of the
flow part, which leads to a decrease in overall efficiency. For these reasons, microturbines are made as
high-speed as possible. However, an excessive increase in the rotation frequency will cause large cen-
trifugal forces during the operation of the equipment. The possibility of operation of the structure un-
der the specified conditions is controlled by calculation of strength.
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