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TESTING OF THE PROTOTYPE OF MINI-HYDRO POWER PLANTS
OF HYDROCYCLONE TYPE IN PRODUCTION CONDITIONS

Abstract. The aim of the project is to develop and test a new technical solution to improve the technological
scheme of mini hydroelectric power plants using the hydrocyclone effect of water treatment.

Method of research. Computer simulation of the process was carried out by SolidWorks (flow simulation).
Additional software "Autodesk Simulation CFD" was used to verify the calculations. Initial industrial experiments
were carried out with the water flow in the hydrocyclone through the pipe with diameter of 100mm., and then the
pipe was disconnected and supplied with water through a quadrangular inlet size 240 x 167 mm. The Third variant of
the experiments was conducted in the combined form, i.e. in the presence of a quadrangular pipe and the inlet pipe.

Research result. Tt is established that the manufactured sample is quite workable in production conditions. The
range of tested and confirmed parameters is within the following limits: head H= 1.5-2.5 m, water flow-Q =
= 45-120L/c. at the same time, power generation is provided within N = 0.5-2.0 kW. The obtained parameters on a
specific test object require approbation in a wider range and testing them in order to establish a rational mode of
operation of the mini HPP of the proposed design.

Key words: mini hydroelectric power station, hydro turbine, generator, computer simulation, experimental
sample, production test.

Introduction. To calculate the expected energy parameters and computer modeling of the process in
the manufactured experimental sample, according to the prepared technical documentation, their tasks and
methods were adopted based on the size of the installation, possible technological parameters of the test
and taking into account the experience of development and operation of small and mini HPPs [1-17].

At the same time, the entry of water with mechanical
impurities into the hydrocyclone body (figure 1) was
carried out in two versions: through a pipe with a
diameter of 124mm (mm) and through a quadrangular
hole with a size of 240mm x 167mm. In the cone part,
sediment removal through a sand hole with a diameter
varying within 50-200mm (mm) by means of a valve was
provided. The cleaned part of the flow is carried out
through the drain pipe (diameter 200mm (mm), located at
the end of the hydrocyclone. The total length of the
hydrocyclone body to the gate of the sand hole is 1480mm.
The diameter of the cylindrical part is 700mm [5].

In the calculations, two options were considered for
the operation of the hydraulic turbine at pressures H=1,

Figure 1 -
General design scheme of mini hydroelectric ) - -
power station of hydrocyclone type H=1.5 m, which can be provided at the sclected site (range)

of the branched part of the Turgen river.
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Computer computational modeling [18,19] implemented by SolidWorks (flow simulation). Additional
software "Autodesk Simulation CFD" was used to verify the calculations. When comparing these
programs, errors were made in the range of 10-12%.

Result of calculation. In computer simulation according to the first variant, i.e. at a head H= 1.0 m,
the speed of the generator rotor was within n=395 rpm. And in the next variant, i.e. at H=1.5 m, the speed
was equal to n=490 rpm.

Calculations show that when the heads are opened, the torque generated by the water flow on the
blades is M1=8.2 N*m and M2=12N*m.

Then, the generator power according to the variant - 1

M1=0,339 kW =339w, and according to the variant -2 M2 = 0.616 kW = 616w. Figure 2 shows a
graph of the power dependence on the rotation of the hydraulic unit N=f (n)
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There is some increase in unit power with increasing shaft speed of the turbine corresponding to the
pressure of the incoming water.

Verification of the obtained data of the calculation program was carried out in an analytical way using
well-known formulas.

Then, the power of the hydraulic unit

N=Q*g*H*h,em (D)
where Q — water consumption at the inlet of the unit, m?/s.
O=V*F=3,13*0,012=0,037 m’/s; (2)
where V — water speed, m / s
V=N(2*g*H)=N(2%9.81%0.5)=3.13 m/s (3)

F — area cross-section of the inlet, m?.

When the diameter of the inlet pipe D=0.124 m then F=0. 012m?
g — acceleration of free fall, 9.81 m/s.

h=0.65-efficiency for two multiples (Crossfair) and simple active hydroturbines'.

Then, under the first option

N=0,037%9,81%0,5%0.65=0.118 kW=118 W )

Computational modeling and verification calculation showed minor errors of the results (121 W and
118 W). In other cases, the test calculations almost coincided with the original data.

Figure 3 shows a graph of the dependence of the flow rate on the power, which changes similarly to
the previous case.
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To check the maximum possible capacity of the unit under consideration, the inlet section of the
pipeline was increased to 240 x 167 mm, and the cross-section area F=0.04 m*. Water pressure H=1.5 m.

Then, the speed and flow rate at the inlet of the pipeline

V=N(2*g*H) =\N(2*%9.81*1.5) =5.42m /s (3)
0=5.42%0.04=0.217 nm’ / s
The generated power
N =0,217%9,81%*1,5%0,65=2,076 kW= 2076 W;

If we take into account that for household and economic needs of a separate residential building, the
required power on average is within 1200 W-1500 W, then we can consider the obtained power value to be
quite sufficient for normal provision. If necessary, you can increase the power by increasing the initial
pressure of the incoming water. For example, at a head of 3 m, the power of the hydraulic unit will
increase to 5.87 kW.

For general clarity of the process under consideration, below are the isometries of velocities and
pressure in a hydrocyclone with a hydraulic turbine at different pressures.

1) at the pressure (head) of the inlet flow H=1.0 m.

In this case, there is a slight increase in the water velocity at the inlet to VVC =4.5-5.5 m / s, and the
pressure rvx = 8000-8500 PA (figure 4).

2) at the pressure (head) of the inlet flow H= 1.5 m.

As can be seen from the following figure, the required (working) speed and pressure to ensure normal
operation of the hydraulic turbine and removal of impurities through the sand hole is achieved at H=1.5 m.

In this case, the speed is equal to VVC = 55 - 6.5 m/s, and the inlet pressure rises to
rvx = 10000-11000 PA.

Methods and results of production tests. The prototype of the hydrocyclone hull for processing the
technological process was designed by the executors of project No. 7 and manufactured by the forces of 1P
"Originative" (Esik) [3-5].

The purpose of the test was to check the performance of the manufactured new sample of mini HPP
in real conditions and to establish the expected technological parameters.

The tests were carried out on a branched section (fast current) of the Turgen river with a
corresponding pressure-flow characteristic.

According to the results of R&D for 2019, the test considered the issues of establishing changes in
the pressure-flow characteristics and the effect of these changes on the generated power is mainly when
working on water without taking into account the degree of its purification in the hydrocyclone [1,2].
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Figure 4 — Isometry of velocities in a hydrocyclone at H= 1.0 m
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Figure 5 — Isometry of velocities (a) and pressure (b) in hydrocyclone at H= 1.5 m

The mode of operation on the alluvial mode, i.e. at different concentrations of sand in the water used,
will be considered in 2020.

In order to study the changes in the main technological parameters of the mini hydroelectric power
station (head, speed and flow rate, shaft speed, power) under different operating conditions of the
installation, a water supply regulator in the form of a gate installed at the outlet of the camera was used.
And the pressure of the supplied and used water in the three discharge holes (inlet, drain and sand hole)
were determined by pressure gauges (accuracy class-2.5).

On the basis of the manometer reading, the speed was calculated by the formula, and then the flow
rate of the supplied water-KV, m?/s. The frequency of rotation of the shafts of the hydraulic turbine and
generator was measured using a tachometer.

With the use of these experimental data, the power generated by the generator of the mini HPP was
established.

If necessary, the water flow through the drain pipe QSL. and the sand hole Qpes were measured by
volume method using a metal container with a volume of 20L, to establish the reliability of the
measurement reading, they were compared with preliminary calculated data.

The first experiments were carried out when water was supplied to the hydrocyclone through a pipe
with a diameter of 100 mm., and then the pipe was disconnected and water was supplied through a
quadrangular inlet pipe with a size of 240 x 167 mm. The third version of the experiments was carried out
with a combined version, i.¢. in the presence of a pipe and a quadrangular inlet pipe.

In case of impossibility of direct measurement of the flow-pressure characteristic the pre-prepared
curves of calibration of these indicators were used.

In General, the results of the test show that the developed design is quite workable and it allows to
achieve the realization of the goal.

Confirming this conclusion, the operating mode of mini hydroelectric power station (figure 6) is
achieved by using the combined version of the experiments, when the water supply to the hydrocyclone
housing (DC = 700mm) is carried out through the pipe and partially through the inlet pipe (figure 6). In this
case, the flow rate of the supplied water through the pipe from the camera was regulated by a paddle gate.

Based on this, the following is only the data obtained in the combined version, i.¢. in the presence of
a pipe and a quadrangular inlet pipe (table 2).
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Figure 6 — Types of mini HPP when water is supplied
to the hydrocyclone housing through the pipe and partially through the inlet pipe

Table 2 — Technological parameters of the prototype mini hydroelectric power station
of hydrocyclone type obtained during the production test

Total area Pressure Speed Expenditure Frequency Torsional Power
inlet, water on water on water on rotations, moment, hydraulic
F, m? input, input, input, 1, turn/min M. H*m unit,

Hs, m VB, m Q. m¥s Na, kWt
0,05 1.5 0.90 0,045 80 59,6 0,500
0,05 1.6 1,24 0,062 100 66.8 0,700
0,05 1.7 1,68 0,084 120 79.5 1,000
0,05 1.8 1,90 0,095 150 76.4 1,200
0,05 2.0 2,14 0,107 200 71,6 1,500
0,05 2.5 2,30 0.114 300 63,7 2,000

As can be seen from the table, with an increase in the water pressure at the inlet-HB increases the
flow rate of the supplied water-QB. The maximum flow rate of the hydrocyclone is provided at a head of
HB = 2.5 m. In this case, the shutter of the camera is open to the full cross-section.

It should be noted that the change in torque is not proportional to the straight line, but to the
parabola, although in modeling its dependence on the speed was inversely proportional.

The achieved capacity of the hydraulic unit within the range of N = 0.5-2.0 kW 1is quite sufficient
parameter for the selected test object, which is characterized by a low head of water flow due to the small
difference in the river bed. This means that the considered mini hydroelectric power plant has additional
opportunities to increase the power characteristics when using it in arcas with a significant slope.

On the basis of the results of the tests and analysis of the data obtained, an act and a test report were
drawn up, which indicated the proposals and conclusions of the Commission. In them, in particular, it is
noted that the presence of a pulley of a significant diameter (d=0.4 m) contributes to steady rotation and its
frequency increases to a certain extent due to the inertia force up to 300 rpm or more.

The act specifies the efficiency of directed water supply to the surface of the blades of the hydraulic
turbine with the help of a pipe (nozzles) than the use for this purpose of 4 coal nozzles located relative to
the outer surface of the hydrocyclone.

It was noted that in the future it is necessary to make the following improvements of a constructive
nature:

- the conical part of the hydrocyclone body should be performed in a shortened form and provide for
the removal of trapped solids from the side with a significant diameter (about 200-250mm).

This is due to the fact that the delay of the swirling liquid in the hydrocyclone creates resistance in
the body and thereby slows down the rotation of the hydro turbine.
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Conclusion. 1. The manufactured sample is quite workable and can be used in production conditions.
The range of tested and confirmed parameters is within the following limits: head H = 1.5-2.5 m, water
flow-Q = 45-120L/c. At the same time, power generation is provided within N = 0.5-2.0 kW.

2. The achieved capacity of the hydraulic unit within the range of N = 0.5-2.0 kW is quite sufficient
parameter for the selected test object, which is characterized by a low head of water flow due to the small
difference in the river bed. This means that the mini HPP under consideration has an additional
technological opportunity to increase the power characteristics when used in areas with a significant slope.

3. The obtained parameters on a specific test object require approbation in a wider range and testing
them in order to establish a rational mode of operation of the mini HPP of the proposed design and
protection of the hydraulic unit from abrasive wear, based on our experience [20-22].

The specified design of mini hydroelectric power station of hydrocyclone type is developed under the
target program "Creation of bases of serial production of the Kazakhstan sources of renewable energy of
the world level” (BR0O5236263, NAS RK, 2018-2020).
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'«KazakcTan Pecniy6mkachl ¥ ITTHIK FRUTBIM axagemuaceDy PKB, Amvarer, KazakcTam,
K. W. Cothacs aTeIHAArsl Kasak YWITTHIK TCXHUKANBIK, 3€PTTEY YHABEPCHTETI, Amvarter, Kazakcram,
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‘«Kasruapoy XKIIC, Amvarer, KazakcTan

TUAPOIMKJIOHABIK THITET'T
MHUHH IC-1in TOKIPUBEIIK YJITICIH
OHIIPICTIK KAFIANJA CBLIHAKTAH OTKI3Y

AnHoTAms. [MIPO3IESKTPCTAHIMAIAPAA 3TCKTP IHCPTHACHIH OHIIPYTe OaHIAaHBICTHI IIBIFEIHAAPIABIH aca Te-
MeH O0IyBI MCH OHBIH OdceKere KadijeTTi OarachlHa Cal aTKApbLIY bl HHBECTOPIAP YIUIH TAPTHIMABI OM3HEC CKEHIIT]
Oenrim.

ConslMeH Katap, marbH HeMece MuHH [ DC-Tepai canraH aWMakTHI aca Cy OacHaMabl KOHE JKBIITY 3JICKTPO-
CTaHISIAPBIMEH canbIcThIpranaa ayara CO2 Tapaybl MyIASM OPBIH AIMAHIBL.

THicTi aKOApaTTHIK KOHC MATCHTTIK 13ACYNICP HOTHKCCIHAC, OHBIH TCXHHKAJBIK-3KOHOMHKAJIBIK HETI3ACMCECIH
eckepe oTbIpsi, KP ¥ TTHIK FRUIBIM aKaJEMIAICHIHIA HIHHIPII-KOHY CThI THIPOUMNKIOHMEH >Ka0BIKTAIFaH THAPO-
JNEKTPCTAHIFSICHIHBIH, IAFBIH (MUKPO) HYCKACHI Kacamapl. ByJr TEXHUKAMBIK MENIiM jKeKe FUMapar IeH TYPFbIH Y-
JKalIapasl 63 anaplHa JepOec TYpAe 3JIEKTP JHEPTHACHIMCH >KA0ABIKTAyFa JKOHE KOITEIl 3aybITTAH HIBIFAPYFAa MYM-
KiHIIK TYFBI3Q b1

Cuinaxman emxepyOiy, mMaxcamsi — KacamraH »aHa MuHH [ DC MOACTIHIH OHIIPIC KAFJANBIHIAFHI JKYMBIC
KaOIIeTTLIINH TEKCEPY HKOHE KYTIICTIH TEXHOIOTHAIBIK TApaMETPIICP/l AHBIKTAY.

CprHAK OaphICBIHIA aFBIH TETCYPiHIHIH CHIIATTAMANApBIHAA OONATHIH ©3TepiCTepAl AHBIKTAY IKAFJAHIapsl
KapacTHIPBUIALL JKOHE THAPOUMKIOHIAFEI CY aWHAIBIMBI OApBICHIHAA OYJI €3repiCTepIiH OHIIPLICTIH Kyarka acepi
KapacTBIPBLIIBL.

3epmmey a0icmepi. IlpoueccopapH KOMIBIOTEPITIK MoAenbacyl SolidWorks (arsmvasr Moaenbacy) Oarmapia-
MachIHA Cofikec kyprizinai. Ecenrreymepai Texcepy ymia «Autodesk Simulation CFD» xoceiMIma OaraapiaMatbIK
sKaCaKTAMACBI MAHIATAHBUIFAH.

Bacranks! eHAIPICTIK CHIHAK THAPOLMKIOHFA cy auaMeTpi 100 MM O0IaThIH KYOBIp apKbLIbI JKETKI3LITCH, all
COZaH KeHIH KyObIp OeKITimiI, KaxeTTi ¢y Mommepi 240x167 MM TepTOYpHIITHI KYOBIP apKbIIbI OepiireH. DKCHepH-
MEHTTIH YIIiHII HYCKACHI €Ki KYOBIPABIH Oipre iCTETeH >KaFIaibIHAA aTKAPbLIFAH.

3epmmey nomuocenepi. CoHakTaH eTkepiireH ['IC-TiH TokipuOENiK HYCKACBIHBIH OHIIPICTIK >Karaaiiia To-
JBIKTAH JKYMBIC icTCHTIHI aHBIKTaFaH. CRIHAK Ke31HAC KAPACTHIPBIIFAH MAPAMETPIIC) AHATIA30HBI KEICCI oImeMaep-
MEH aHbIKTananel: Tereypin H = 1,5-2,5 m Oepinren cy etimi — Q = 45-120 n/c. Ocsl mapaMeTpriep >karaanbIHaA
ABIHATHIH THAPOTYPOHHA KyaThIHbIH maMacsl N = 0,5-2,0 kBt apacbiHaa KaMTaMackl3 ETiIreH.

Ocpl ChIHAKTAp KE3IHAC AHBIKTAIFAH MApaMETpPICP aNAarbl YAaKbITTA HEFYPIbIM KEH JHANA30HAA CHIHAJATHIH
60ap1 XKOHE Cy aFbIHAAPBI Terey pinadl ezeHaepac Munn [ IC-TiH YTHIMIbI PSKUMI KATBINITACTHIPHLIAIBL.

Tyiiin ce3aep: musu ['3C, ruapoTypOMHA, TEHEPATOP, KOMIBIOTEPIIK MOJACICY, TOKIPUOCIIK YIITi, OHAIPICTIK
CBIHAK.
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HCIHBITAHHUE OIIBITHOI'O OBPA3LHA MHUHH I'3C
Ir'IAPOIMKJIOHHOI'O TUTIA B TPOU3BOACTBEHHBIX YCJIOBHUAX

Annoramus, OOIEH3BECTHO, YTO, OIAaroJaps OTHOCHTCSIGHO HU3KHM SKCILIYATALIHOHHBIM 3aTpaTaM H KOHKY-
PCHTOCTIOCOOHOH LICHE 3a JINICKTPOIHCPTHIO, BhIpadoTaHHOH HA ['2C, OHH MPEACTABIAOT COOOHM OYCHB MPHBIIC-
KaTeIbHBIA OM3HEC M7 MHBECTOPOB. KpoMe TOTO, MpHW cTpomuTenscTBe Madbix B MuHH ['DC HE IMPOMCXOAWT 3aTOII-
JCHUS TPUICTAOINX TCPPUTOPHH, COKpamaroTcs: BeiOpockl CO2 3a cyeT 3aMEmICHHS TEIUIOZICKTPOLCHTPAICH,
PpadOTArOINX HA HCKOTIACMOM TOTLTHBC.

Ha ocHoBe mH(DOPMAIIMOHHOTO W MATECHTHOTO MOMCKA B MEPOBOM MacmTade M C YUETOM LEJIECO00PA3HOCTH, B
AH PK pa3zpaboran musu (Mukpo) BapuanT [ 'IC, cHab»keHHAs TUIHHAPOKOHUYECKIM THAPOUHKIOHOM. JTO T03BO-
JsIeT 0OCCIECUNTh JOKATbHOEC YHEProoOCCICUCHNE OTACTBHBIX 3TAHHH M YKHJBIX IOMCINCHHI, a Takke OOJervacT
OPraHU3aUI0 HX CEPHIHOTO MTPOM3BOICTBA.

Ienvio ucnvimanys ABIANACH MPOBEPKA PabOTOCIIOCOOHOCTH HM3TOTOBICHHOTO HOBOTO oOpasua muam ['3C B
PEaTbHBIX YCIOBHAX M YCTAHOBICHHE ITPEATIONATAEMBIX TEXHOJOTHICCKUX TAPAMETPOB.

[Tpu mcmpITaHUK PACCMATPUBAIICH BOIPOCHI M0 YCTAHOBICHHIO W3MCHEHHS HATIOPHO-PACXOTHOM XapaKTepHC-
THKH W BIMSIHUC 3THX M3MEHCHHH HAa BHIPAOATHIBACMYIO MOIIHOCTH NPEHMYINECTBEHHO HPH padoTe HAa Boae Oe3
V4eTa CTCIICHH €€ OYHCTKY B THAPOIHMKIIOHE.

Memoowt uccnedosaniis. KOMIIBIOTEPHOE pacdeTHOE MOJICIMPOBAHNE MPOLECCA OCYIECTBHIOCH IO TPOTPaMME
SolidWorks (flow simulation). /11 mpoBepKH NPOM3BEACHHBIX PACUCTOB OBLIO HMCMOIB30BAHO JOTIOIHHTCIIEHOC
mporpamMuoe odecneucHue «Autodesk Simulation CFD».

[TepBoHauanpHbIC MPOU3BOACTBEHHBIC OIBITHI MPOBOAMJIMCH NPH IOJAYE BOABI B THAPOIMKIOH IO TPyOe C
muametpoM 100 MM, a 3areM TpyOa OblIa OTKIFOUCHA M 00CSCIIEUEHA IT0AA9a BOAbI Yepe3 YETHIPEXY TOIbHBIN BXOTHOH
marpyOok pasmepoMm 240x167 mm. Tpermii BapuaHT ONBITOB MPOBOAMIICS IIPH COBMCIICHHOM BAPHAHTE, T.€. IPH
HAJIMYUH TPYOBI B YETHIPEXyTOIBHOTO BXOAHOTO IATPyOKa.

Pesynomamut uccneooeanuii. YCTaHOBICHO, UTO M3TOTOBJICHHBIH 00pazen mubn ['DC Brmonsae padoTocnocodbeH
JUTA BBIPAOOTKH 3JIEKTPOIHEPTHU B MIPOU3BOACTBECHHBIX Y CIIOBHX.

JlmamazoH anpoOHWpPOBAHHBIX M IOATBEPKACHHBIX MAPAaMETPOB COCTABILIIOT B CICAYIOIMX INPEACIAX: HAIOP
H = 1,5-2,5 M, pacxox somsl — Q = 45-120 n/c. Tlpu 3ToM 0OcCHEUMBACTCH BBHIPAOOTKA MOIIHOCTH B MPEACIAX
N = 0,5-2,0 xBt. [TonyucHHBIC TapaMCTPBl B XOAC 3THX HCIBITAHHH OyAyT anmpoOHpPOBAHBI B OOICC NIHPOKOM
JUana3oHe W OTPadOTAHBI PAIMOHANBHBIC PeKHMBbI PadboThl MuHH ['3C mpennaraeMoil KOHCTPYKIHH B YCIOBHSX
JKCILIyaTaluy B PEKAX CO 3HAYUTEIbHBIM NEPEIAIOM TCUCHUE BOBL.

Kiouennie cioBa: Muan ['OC, ruapotypOuHa, TeHEpaTop, KOMITBEOTEPHOE MOJCIHPOBAHHUE, ONBITHBIA 00pa-
3€l, MPOU3BOJACTBCHHOC UCITBITAHHE.
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