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KaszakcmaH Pecniybnukacbl ¥nmmebiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonoausi xoHe
MeXxHUKarbIK FbifibiIMOap Cepusicbl” fbinbIMU XypHanbiHbiH Web of Science-miH xaHanaHfaH HyckKachbl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapnaldbl. byn uHdekcmeny
b6apbicbiHOa Clarivate Analytics kommnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke Kabbinday moceneciH
Kapacmebipyda. Webof Science sepmmeywinep, asmopnap, bacnawhbinap MEH MeKeMesiep2e KOHmMeHm
mepeHOiei meH canacblH ycbiHaObl. KP YFA Xabapnapbi. [eonoeusi xoHe mexHUKasblK fblibiMOap
cepusicel Emerging Sources Citation Index-ke eHyi 6i30iH KoramOacmabiK yWiH eH e3ekmi xoHe 6edesndi
2eo0rs102usl XoHe mexHuKarnbIK fblribiMdap 6olbiHWa KOHMeHmke adandblfbiMbi30b! 6ir1dipedi.

HAH PK coobwaem, ymo Hay4HbIl xypHan «3gecmusi HAH PK. Cepusi 2eonoauu u mexHU4eCKUxX
Hayk» bbln npuHsam 0Onsa uHdekcuposaHusi 8 Emerging Sources Citation Index, obHoeneHHoul sepcuu Web
of Science. CodepxaHue 8 amomMm uHOeKkcuposaHuU Haxodumcsi 8 cmaduu paccMompeHuUsi KomnaHueul
Clarivate Analytics Ons OanbHeliweao npuHsamus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadecmeo u enybuHy KoHmeHma Ons uccriedosameriel, asmopos, u3damernel U y4dpexoeHud.
BknoyeHue Useecmusi HAH PK. Cepusi eeonoeuu u mexHudeckux Hayk e Emerging Sources Citation
Index demMoHCmMpupyem Halwy NpueepXeHHOCMb K Haubonee akmyasbHOMY U 8/1USIMESIbHOMY KOHMEHMY
10 2e0/102UU U MEXHUYECKUM Haykam Orisi Hawezao coobujecmea.
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DEVELOPMENT AND TESTING
OF A HYDROCYCLONE SAND TRAP FOR MINI HPP

Abstract. The goal of the project is to develop and use a hydrocyclone sand trap to improve the operation of a
mini hydroelectric power station. In contrast to the existing design of a similar type of hydroelectric power station, a
bulky sump for water purification has been replaced with an efficient hydrocyclone device. Due to this, a
simplification of the design of the HPP is achieved, an increase in the degree of sand collection from the composition
of the water used.

Research methods. The initial data for the calculation were taken: the flow rate of water passing through the
hydrocyclone and the pressure drop at the inlet and outlet of the hydrocyclone. Computer simulation of the process
was carried out using the SolidWorks software (flow simulation). The main technological parameters and a rational
mode of operation were established by testing experimental samples both in laboratory and in production conditions.

Research results. In the established mode, the density of clarified water is equal to 1.009 ... 1.050 t / m®, and the
degree of purification is 91 ... 97%. Replacing a bulky reinforced concrete sump with hydrocyclone sand traps of a
simplified design reduces the cost of building a water treatment unit from 30% (existing) to 7%. This makes it
possible to expand the volume of development of small hydroelectric power plants, especially in mountainous
conditions.

Key words: mini hydroelectric power station, development, hydrocyclone sand trap, process modeling,
experimental stand, tests.

Introduction. It is well known that hydropower is the most widespread in practice and
technologically advanced industry in renewable energy sources [1-6].

Unlike other ecologically safe renewable sources such as the sun, wind, small hydropower practi-
cally does not depend on weather conditions and capable to provide steady supply of the cheap electric
power to the consumer.

Articles [7-9] show that broad prospects are revealed before small (100 - 1000 kW) and mini-
hydroelectric plants (up to 100 kW), especially when using them in foothill and mountain regions. The
efficiency of such a power plant can significantly increase if it is used in conjunction with other types of
renewable sources, for example, wind power or solar power plants.

As operation experience of a hydroelectric power station demonstrates, the technical condition and
reliability of hydroturbine equipment affect the efficiency of their operation, especially the power
characteristic [9-12]. In the presence of mechanical impurities in the feed water, hydraulic units are often
subjected to abrasive wear. Abrasive wear of turbines leads to a significant drop in their efficiency, and
consequently, to a decrease in the power and power output of a hydroelectric power station, to a reduction
in the service life of hydro turbine equipment [13-18].

In the widespread derivational schemes of hydroelectric power stations, the protection of hydraulic
units from bottom and bottom sediments is carried out in water receivers, and purification of water from
hazardous fractions of mechanical impurities is carried out in sedimentation tanks.
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In common HES derivation schemes, the protection of hydraulic units from bottom and bottom
sediments is carried out in water intakes, and the water is cleaned from dangerous fractions of mechanical
impurities in septic tanks [5,19].

However, the cost of the construction of the sump, due to its cumbersome design, are very significant
and sometimes make up 20-35% of the investment in the construction of a hydropower plant [19].

These problems to reduce capital investments in construction and the cost of operating a hydropower
plant, in our opinion, can be eliminated by using the energy of the watercourse through the diversion
channel (pipeline) to separate mechanical impurities from water using hydrocyclones. In this case, the
construction of bulky settlers is no longer necessary [2].

Description of the development and research methods. The developed mini hydroelectric power
station (HPP) includes a hydrocyclone sand trap, a water treatment unit, a diversion unit, a canal, a hydro-
electric power station, a hydro turbine, a generator, a hydrocyclone and a suction pipe (figures 1 and 2) [19].

s TR
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Figure 1 — Technological scheme Figure 2 — General view of the
of mini HPP with hydrocyclone developed hydrocyclone sand trap

The sand collection unit (figure 2) consists of hydrocyclones with receiving chambers and a drain
pipe, a viewing well, a viewing channel pan, a sand pipe and a ladder. The threshold, installed inside the
diversion channel, is provided in order to ensure the complete flow of water with mechanical impurities
into the inlet chamber of the hydrocyclone.

When a hydropower plant is in operation, water with mechanical impurities, moving at the expense
of the velocity head in the channel, gets tangentially into the hydrocyclone and is cleared of solid
components. Purified water through the upper drain pipe, located in the direction of flow of fluid, flows
back into the channel and is fed to the working nozzles of the turbine. Mechanical impurities captured in a
hydrocyclone, mainly in the form of fine sand with diameters greater than 0.05 mm, are ejected into a
heap by a sand extraction pipe.

The height of the sand mass accumulation at the sand hole within 1/3 of the height of the conical part
of the hydrocyclone and the opening of the sand removal line is adjusted using an automatic controller of a
simple action.

The initial data for the calculation of a hydro-cyclone unit of a small hydroelectric station are taken:
the flow of water passing through the hydro-cyclone - Qn and the pressure drop at the entrance to the
hydro-cyclone and its output - Nn, as well as the content of suspended particles before cleaning - y. [21].

Based on the results of the analysis, it was revealed that in order to use computer simulation data, the
numerical model must be verified by a physical experiment. Therefore, numerical analyzes of the
processes were carried out on the basis of the STAR CCM + 6.04 software package using the results of
experimental studies.

This study includes the calculation of the flow lines of the velocity of particles of a liquid in a
hydrocyclone, the trajectory of movement of solid particles, pressure drop, and the efficiency of separation
of liquid and solid particles.

For the numerical calculations of this problem, the geometry was chosen with the following charac-
teristics:
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1. Dimensions of the hydrocyclone: the area of the entrance area is 0.075 m?, the area of the output
area is 0.0153386 m2, height is 1.1 m, the area of waste particles is 0.007 m2.

2. The grid is selected according to a multifaceted scheme to provide a balanced solution to complex.

Surface meshes are a discrete representation of the geometry of the individual areas that will be used
to generate volumetric meshes. It consists of faces (triangles) and vertices and connects all surfaces of the
geometry. A total of 70898 cells and 397585 surfaces are used to implement the calculation.

In the three-dimensional motion simulation under consideration, it was assumed that the flow is
stationary, i.e. does not depend on time, the density of water and particles of contaminated liquid are
constant, and the flow of water is incompressible.

In the simulation of turbulence, the Navier-Stokes differential equation is used, where the averaging
process can be considered as temporary for stationary states and averaging the set for repeated transition
situations and the continuity equation. The boundary and initial conditions were selected on the basis of
experimental data.

At the inlet of the hydrocyclone, the velocity of the supplied suspension was 0.38 m / s, and the initial
pressure was 1100 kPa. The results of pressure on a symmetric section of a hydrocyclone show that the
outlet pressure drops to 550 kPa. This is in the permissible errors coincide with the subsequent experi-
mental data.

The ratio of the amount of water and particles of contaminated liquid in the calculation is in the order
of 3: 1. Figure 3 shows the proportion of particles and their distribution in the hydrocyclone by weight. It
turned out that the maximum fraction of particles is at the entrance (0.35) and approximately 0.05 at the
exit.

Due to the fact that during the operation of a hydrocyclone, centrifugal forces exert a significant
effect on mechanical particles and the difference in the densities of the components considered the
position of the particles under various possible modes of operation. The established features are to a
certain extent characterized by the model solution shown in figure 4.

Particle flux Position: Magnitude (m)

e 0,35000 I 0,67860
0,56361

0,25003
0,15005 o Cu 0,44861

&
0,050079 0,33362
0,049895 LE 0,21862
-0,1428 0,10363
Figure 3 — Mass fraction of mechanical particles Figure 4 — Location of sand in a hydrocyclone

In the future, it is planned to consider models for establishing the optimal operating modes of a
hydrocyclone with changes in the properties and states of the studied phases of the medium.

The main technological parameters and the rational mode of operation of the proposed water
treatment unit were established according to the results of tests on a specially constructed laboratory
installation (figure 5).

On the first table the main part of the research facility was located, based on the centrifugal pump
1.5KM with step-by-step power control, parameters of the pressure hydrocyclone and a hydroturbine.

On the second table was installed a personal computer with a program for monitoring the work of the
bench installation and a communication cabinet with controls and measurements, as well as a module for
connecting sensors to a personal computer.

A hydrocyclone with a cylindrical part diameter of 170 mm and a height of 480 mm was adopted for
testing. The diameters of the inlet and outlet nozzles are the same and are 60 mm, and the diameters of the
sand hole are 40 mm.
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Figure 5 — Laboratory stand (a) and a hydraulic turbine with a generator (c)

Results of the investigation. As the data obtained under laboratory conditions show, when the pump
is operating with a capacity of up to 250 1/ min, the dependence of the water supply Q on the pressure at
the inlet to the hydrocyclone P1 occurs in the same way as in ordinary centrifugal pumps. The pressure
loss is 10-20%. In this case, due to the supply of purified water after the hydrocyclone to the water intake
tank directly, the indicators of the electronic sensor at the inlet of the hydraulic turbine P2 and at the outlet
P3 are insignificant

In order to establish the energy characteristics of the installation, the "hydroturbine-generator" unit
was specially studied. In this case, three modes were considered: the operation of the unit at maximum
load (P1), at average load (P2), and at minimum load (P3).

The results obtained for establishing the generated power are shown in figure 6. They show that the
value of the generated power (energy) directly depends on the pressure on the line and on the rotational
speed of the generator shaft.

N, Wi

’ f /
O-P1
20 o-P2
A-Ps

10
/ P, kPa
0 500 1000 1500 2000

Figure 6 — Results of testing the unit "hydro turbine - generator"

As a result of the production test, it was found that when the pressure at the inlet of the prototype
hydrocyclone changes within Pin = 25 - 45 kPa, there is an increase in the flow rate of liquid through the
drain pipe Q in from 5.78 1/ s to 57.5 1/ s, and through sand hole Qp.o. - up to 4.42 1/ s.

As can be seen from the graphical dependences Qout = f (Pout) and Qin = f (Pin) (figure 7), the
maximum flow rate of the hydrocyclone through the drain (57.5 1/ s) is provided at an inlet pressure of
45 kPa, when the valve on the pressure line is open to the full cross section. The pressure loss in the
hydrocyclone chamber at the same time is 2,2 ... 3,5 kPa.

— g4 ——



ISSN 2224-5278 Series of Geology and Technical Sciences. 1. 2021

P, xPa

L Qin=f(Pin

/ Qout=f(Pout)

=14 L "

Q.1:
0 60 70

0 10 20 30 40

h

Figure 7 — Graphic dependences Qout = f (Pout) and Qin = f (Pin)

During the tests, by changing the diameter dp from 10 to 25 mm, the concentration of the ground
mass was reached with a ground weight consumption of 0.73 ... 0.77 kg / s and a density of up to
1.843 t / m3) significantly increases the density of the condensed mass, however, this leads to clogging of
the discharge opening.

In the established mode, the clarified water density was equal to 1.009 ... 1.05 t / m®, and the degree
of purification - 91 ... 97%. The minimum particle size was 0.05 mm, and the maximum particle size was
3.75 mm.

It has been established that the required type of hydrocyclone in the design should be adopted on the
basis of a technical and economic comparison of the construction and operational indicators of the water
treatment unit, taking into account the presence of a sufficient hydraulic slope of the water supply path and
free water flows necessary for separating a two-phase liquid.

For the calculation and design of hydrocyclone sanding units, the same parameters for water and
pollution should be specified as for sedimentation tanks. The hydraulic size of particles, which must be
isolated to provide the required cleaning effect, is determined at the required height of water layer. The
main design value of the hydrocyclones is capacity for purified water and degree of purification. Water
productivity Qout (Qhc) can be calculated by the formula taking into account the diameter of hydro-
cyclone Dhc:

Qne = 0,785qnDje €]

Based on the total amount of water Qw supplied, the number of hydrocyclone working units is
determined: N = Qw / Qhc. After the designation of the devise diameter and determination of their
quantity, basic parameters of the hydrocyclone were established.

The angle of inclination of the generatrix conical part of the hydrocyclones in each specific case is set
depending on the properties of the precipitate being precipitated. The main components and parts of
hydrocyclones can be made of steel and plastic materials.

In view of the fact that hydrocyclones of considerable diameter (700-1000 mm) are analogous to
ours, they are installed in those nodes of the technological scheme in which it is necessary to process
volumes of contaminated water at the size of the boundary grain separation 0.4-0.5 mm, within these
limits. With low productivity and the need to separate sand of small size (0.2-0.4 mm), as in the case of
cooling water in the node of technical water supply of hydroelectric power stations, hydrocyclones with
diameters within 350-500 mm are recommended.

Conclusions. Tested in production conditions, prototypes of a hydrocyclone sand trapping unit with a
diameter of 700 mm showed the degree of water purification from mechanical impurities up to 91-97%.
The installed capacity of one hydropower plant in use is 3-10 MW. Annual power generation reaches
4.0 - 5.0 million kWh.

Replacing the bulky reinforced concrete sedimentation tank of the existing hydroelectric power
plants with hydrocyclone sand traps of a simplified design reduces the costs of building a water treatment
unit from 30% (existing) to 7%.
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The economic effect from the use of the developed technology of water supply for the hydroelectric
unit of a small hydroelectric power station is achieved by simplifying the sand collection unit and thereby
reducing capital investments for construction and operating costs.

Achieving a stable operating mode of the hydroelectric unit and its accompanying main units of the
hydroelectric power station without special stops allows reducing losses in electricity supply to 15-20%.

The originality and effectiveness of the solution was awarded a certificate and medal of the World
Intellectual Property Organization (WIPO). The basic version of the proposed hydroelectric power station
was demonstrated at EXPO-2017 (Astana, Kazakhstan) and received expert approval.

The considered option of the hydroelectric power plant was additionally studied within the framework
of the target program "Creation of the basis for the serial production of renewable energy sources in
Kazakhstan of the world level” (BR05236263, National Academy of Sciences, Kazakhstan).

K. K. Kacbimb6exon!, F. 7K. Kacbim0exoB?

!Satbayev University, Anmmarsl, KazakcTan;
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MWHHU I'IC-ke APHAJIFAH THJAPOLUKJIOH/ABIK
K¥YMTYTKbIII )KACAY )KOHE CbIHAKTAH OTKI3Y

AnHotanus. JXKoOaHBIH MakcaThl — MIAFBIH (MUHH) THAPOAIEKTPCTAHIMS KYMBICHIH KETUIAIPY YIIiH THAPO-
LUKJIOHBI KYMTYTKBIII jKacay jkoHe maiinanany. JKacainraH TEXHOJOTHSHBIH OYpBIHFBI yKcac TYpiHEH aiblpma-
HIBUTBIFBI — CYJIbl Ta3apTyFa apHAJIFaH KOJIeMIl TYHIBIPFBINI THIM/II THIPOIMKIOH KOHABIPFHICBIMEH aybICTHIPBUIFaH-
nbirbiHAa. COHBIH HOTIDKECIH/E Cy DJIEKTP CTAaHIMSCHIH jKoOanay/pl OHainaryra, maiijalaHbUIFaH Cy KypaMblHaH
KYM Iy I9peXeCiHiH )KOoFapblIayblHa KOJI XKETKI3eIl.

3epmmey adicmepi. Ecentey yIIiH MbIHAIal MOIIMETTED aJBIHIBI: THAPOLUUKIOH aPKBUIBI OTCTIH CY IIBIFBIHBI
JKOHE THIPOIMKIOH Kipici MEH IIBIFBICHIHIAFEl KHICHIMHBIH TOMEHIEYi. YIEpiCTi KOMMIBIOTEPIiK MOIEIBILY
SolidWorks 6arnapmaManbIk yxacakrama (aFBIHIBI MOACTBICY) apKBUTBI KY3€ere achIpbUIAbl. Heri3ri TeXHOIOTHSITBIK,
mapaMeTpiiep MEH PalHOHAIABI KYMBIC PEXHMI TOXKIPUOCTIK YITLIepi 3epTXaHalbIK KOHE OHMIPICTIK Karmaiga
ChIHAY apKbLIbI OCIriNeH .

3epmmey nomuoicenepi. BeNTieHTen peXuMIE Ta3apThUIFaH ¢y ThFBI3AbFEl 1,009 ... 1,050 T/ M3, an Tazapry
nmopexeci 91 ... 97% xypaiigsl. Ipi TemipOeTOHAB! TYHABIPFBIIITHI KEHIAETUITCH THAPOUUKIOHAB KYMTYTKBIIIKA
ayBICTBIPY, CY Ta3apTy KOHIBIPFBICHIH CallyFa KeTeTiH MIBIFbIHIALI 30%-maH (KoamaHbICTarbl) 7%-Fa JeliH TOMEH-
neteni. byn Taynbsl aiMakTapIarbl MIAFBIH CY JJIEKTP CTAHIMSUIAPBIHBIH JaMy KaFdalblH apTThIpyFa MYMKIHIIK
oepeni.

Tyiiin ce3nep: munu I'DOC, xacay, THIPOUMKIOHIBIK KYMTYTKBII, YAEPICTI MOJEIbILY, TIXKIPHOETiK CTeHN,
CBIHAKTAp.

K. K. Kaceimoexon!, I'. 7K. KacbiM0eKkoB?

!Satbayev University, Anmarer, Kasaxcran;
2«Kasrumpo», Anmarsr,Kazaxcran

PA3BPABOTKA M UICTTBITAHUE T'JIPOITAKJIOHHOM NMECKOJIOBKH JJIs1 MUHU I'2C

AnHoTanus. Llenplo npoexra ABiseTcs pa3paboTKa U HCIOIb30BaHUE IMIPOLMKIOHHOM [IECKOIOBKHU JUISl YIyd-
IIeHNs paboThl MUHU-THAPORIEKTPOCTAHIMU. B oTiMune oT cymecTByromeil KOHCTPYKIUH THAPOAIEKTPOCTAHINH
aHAJIOTMYHOTO THUIIA, TPOMO3JKHHA OTCTOWHHK JJISi OYMCTKH BOJBI ObUI 3aMeHeH 3(P(EeKTHBHBIM I'MIPOLMKIOHHBIM
YCTPOHCTBOM. 3a CYeT 3TOro JOCTUIaeTcsl ympolueHue KoHCTpykuuu I'DC, yBenudeHue cTeneHH cOopa Hecka U3
COCTaBa UCIOJIb3YEMOU BOJIBIL.

Mertonb! uccienoBaHus. VICXOMHBIMUA JaHHBIME JUIS pacdera ObUTH B3SITHI: PAacXoJl BOZBI, NMPOXOMISINEH uepes
THIPOLMKIIOH, U TIepenall JaBjIeHUs Ha BXOAE M BBIXO/E THIPOLMKIOHA. KoMIIbIOTEpHOE MOzIeIMpoBaHue mpolecca
MIPOBOJIMIIOCH C HCIIONIB30BaHKHEM IporpammHoro obecnedenust SolidWorks (flow simulation). OcHOBHBIE TEXHOJIO-
rHYECKUe IIapaMeTphl M PALlMOHAIBHBIN PeXKUM paboThl OBUIM YCTAHOBIICHBI IIyTEM HUCIIBITAHUIA SKCIIEPUMEHTAIBHBIX
00pas3LoB Kak B JIADOPAaTOPHBIX, TAK U B IPOU3BOJICTBEHHBIX YCIOBHSIX.
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Pe3ynbTaThl UCCIIENOBAaHUIN. B yCTaHOBIEHHOM PEXKUME IUIOTHOCTH OCBETIEHHOM Boab! paHa 1,009 ... 1,050 1/,
a creneHb OUuCTKH — 91 ... 97%. 3ameHa rpoMO3AKOTO Ke1e300€TOHHOTO OTCTOWHUKA THIPOLIUKIOHHBIMHU TIECKOIOB-
KaMH{ YIPOILEHHON KOHCTPYKLUH CHIDKaeT CTOMMOCTb CTPOMTENbCTBA YCTAHOBKM OYMCTKH Boxbl ¢ 30% (cymec-
TByMOMICH) 10 7%. DTO MaeT BO3MOXKHOCTH PACUIMPUTH OOBEMBI OCBOCHHUS MAJIBIX THIPOICKTPOCTAHIIUM, 0COOCHHO
B F'OPHBIX YCIOBUSAX.

KaroueBsie ciaoBa: munau ['OC, pa3paboTka, THAPOIUKIOHHAS TECKOJIOBKA, MOJCITHUPOBAHUE MIPOIlecca, IKCIIe-
PUMCHTAEHBIA CTEH/, UCTIBITAHUS.
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