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INVESTIGATION OF THE WHIRLPOWER MINI-HYDROELECTRIC
POWER STATION USING THE CFD MODULE IN
THE COMSOL MULTIPHYSICS ENVIRONMENT

This article deals with the study of small HPP equipment (Hydroelectric Station) for water channels
after large dams and energy-deficient areas, in particular, the study of the whirlpool mini hydropower
plant using the CFD module in the COMSOL Multiphysics environment.

The main reason for studying this device is the problem of power supply in areas of our country with
a shortage of electricity, located outside the central regions, and in the CIS countries this type of HPP is
poorly studied due to the lack of design technology and the comparatively low use of alternative energy
sources in general. Only in recent years have been allocated funds from the National Fund to address
this problem of alternative energy. For example, in Western Europe, Japan and China, there are several
companies that produce this small HPP.
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Introduction. The need to reduce environmental impact, the search for new opportunities
for improving the quality of life of the population, ensuring sustainable energy-efficient
economic development, development of new technologies, diversification of the energy
sector-all this contributed to the development and improvement of a certain base for the
development of the «green economy» [1].

Micro- and small HPPs play a major role in the energy supply of remote areas, which are
energy-deficient and occupy up to 53.4% of the territory of Kazakhstan. The development
of small hydropower in the regions ensures [2]:

e creation of own regional generating capacities and reduction of the power deficit in
the region;

¢ reliable power supply of quality electricity to communities in remote areas and at
the end of main power transmission lines;

e achievement of economic and social stability in settlements which are not yet
connected to the unified energy system;

¢ decrease in the subsidy level in the regions related to the purchase and delivery of
fuel to hard-to-reach areas.

Similar types of mini HPPs were previously studied by scientists at the University
of Malaysia[3], they reviewed the development of gravity water vortex power plant as
an alternative renewable energy sources, also considered the experimental study of the
influence of water pressure, length and number of turbine blades on the model system of
energy generation with free vortex. In these works considered the optimal efficiency factor,
built a model of mini hydroelectric power plant design in a simulator. We can also note the
joint work of Oxford. Texas Tech University and Tribune University[4], this project worked
to simulate a mini hydroelectric power plant in 3-dimensional space. This study analyzes
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different basin structures that can form eddies, which can make a gravity vortex flow even
from low head. Secondly, the results obtained have been experimentally carried out by
measuring the power output [4,5].

Experimental technique. In almost all previous studies, laminar flow in a cylinder
was considered based on the assumption of stable, axisymmetric and incompressible flow.
For this flow we consider the incompressible form of the Navier-Stokes equations and the
continuity equation as shown in (1)-(2) formula:

au

pat+p(u-V)u:V-[pI+K]+F (1)

pV-(u)=0 2

The physical meaning of this mini-HPPis that the flow is incompressible, weakly compressible
flow (density depends on temperature, but not on pressure) and compressible flow at low Mach
numbers (usually less than 0.3). The reference temperature is set to 293.15 K.

WE CONSIDER TWO DIFFERENT GEOMETRIES

/\

Cylindrical turbine (figure 1) Conical turbine (figure 2)

Figure 1 — Cylindrical view Fig. 2 Conical view

First, we consider the problem in two-dimensional space from the side and identify the
best option for further study. This model is built for stationary flow in order to investigate
the efficiency of different geometries considering velocity and angular velocity, thereby
revealing a suitable model for us. In this work we make assumptions such as time dependent
flow, also there is no slip condition. Here we take water as a fluid and consider it as an
incompressible fluid with density p=998.2 kg/m3 and with viscosity p=0.001003 kg/m*s. In



Turalina D. E., Arshabekova A. M. Investigation of the whirlpower mini-hydroelectric ... 81

addition, the experiment was carried out with the conditions that there is no slip on the wall
and at the outlet pressure flows out. The inlet (water) velocity is 0.01 m/s and the pressure
is atmospheric.

Parameters that we initially set:

Hinlet—0,5m
V inlet — 0,1m\s
H length — 1m

Figure 3 — Parameters that we set for Comsol Multiphysics

In the same way we will set the parameters for the conic view of the turbine. Now
for both geometries we will change certain parameters for the study and modulate on the
program Comsol Multiphysics.

Parameters that we investigate:

1) First of all we change the water pressure :

H head
H1=0,5m
H2=0,6m
H3=0,7m
2) Secondly, we change the diameter of the hole at the outlet:
D outlet
D1=0,1m
D2=0,05m
D3=0,03m
3) Now we will change the diameter of the turbine itself
D turbine
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D turbine = 0,5m
D turbine = 0,3m
D turbine = 0,2m

Why do we take these dimensions?

From the previously obtained research and the experiment conducted, there are limits to
the dimensions of the design that can be investigated.

After the results obtained, having chosen the optimal size, we will consider the view of
the structure from above and thereby investigate the angles for the direction of water into
the turbine[22-24].

1) H water head

Depending on the capacity of the water inside the turbine, its velocity changes.

Figure 4 — The case when H1=0.5m and H2=0.6m, H3=0,7m

Now that we have the data for the cylindrical type of turbine, we can build a graph for
a visual study of the process:

Figure 5 — Example of a case when we change the water pressure

2) D diameter of the orifice at the outlet
Depending on the diameter of the outlet hole, its velocity also changes.
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Figure 6 — The case when D1=0.1m and D2=0.05, D2=0.03m

Figur 7 — Example of a case when we change the diameter of a hole

3) D diameter of the turbine itself
Depending on the diameter of the turbine itself, its speed also changes:

Figure 8 — Case when D turbine = 0.5m and D turbine = 0.3, D turbine = 0,2m
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Figure 9 — Example of the case when we change the turbine diameter

Changing the dimensions of this cylindrical view of the turbine and examining it in
Comsol multiphysics, it is easily possible to determine which parameters will be optimal for
further research, i.e. by changing certain parameters we can see how the flow rate changes,
thus we can say that the efficiency of this mini power plant directly depends on its speed,
the more speed, the more it is optimum. And it will be possible to modulate the top 2D
view of the mini-HPP when we already know the optimal dimensions and in this case we
will already consider the angular velocity of the flow, and it in turn directly depends on the
turbine inlet throat from the channel. And so from the above data we can say that the best
option for a cylindrical turbine is:

H head > 0, 5m, D outlet = 0,1m, D turbine = 0,2m

Using this data, we will consider the top view. To do this we change:

H neck = 0,1m, H neck = 0,05m, H neck = 0,03m

Figure 10 — Turbine cylindrical view module, top view

In the next turn we will consider the conical view of the turbine and exactly the same
change of parameters such as:
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D turbine, H head (with the same dimensions as in the cylindrical form)

Figure 11 — The case when H1=0.5m and H2=0.6m, H3=0.7m

Figure 12 — Example of the case when we change the water pressure

Figure 13 — Case when D turbine = 0.5m and D turbine = 0.3, D turbine = 0.2m
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Figure 14 — Example of the case when we change
the turbine diameter

But it should be noted that for the real design of this mini-HPP we can not take a very
small turbine diameter because at high speed will be reverse flow of water, which will
complicate the rotation of the turbine.

Also for the conical turbine type, change the H neck as shown in Figure-10:

Figure 15 — Module of the conical turbine view,
top view

Conclusion. In this paper, considering two kinds of turbine and with different size
parameters, we have a sense of how the design should look like. If we look at the difference
between the two kinds of turbine, the most optimal will be the conical kind of turbine, in
this case we can note that the flow rate will be much higher and this kind of turbine will
be conveniently streamlined and there will not be considered obstacles and reverse chaotic
flow. It is possible to see the difference between the cylindrical and conical type of turbine
on the figure-16, 17, 18:
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Figure 16 — Difference between the two types of turbine in water head

Figure 17 — Difference between the two types of turbine in diameter

Figure 18 — Difference between the two types of turbine in the inlet throat from the canal
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Optimal position of the turbine H head>0,5 m from the pool height, turbine diameter D
turbine = 0,2m, also outlet diameter D outlet = 0,1m. Moreover, if we consider the top view,
then the optimal solution for the inlet size from the canal would be in the conical shape of
the turbine H neck=0.03m. The maximum efficiency varies from 30% to 50% depending on
the number and size of the blades. The study also showed that a conical shaped basin has a
better performance than a cylindrical shaped basin.

Kazakhstan has significant hydropower potential. On the territory along with 6 large
rivers, there are also about 27 thousand small rivers and tributaries, the length of which
exceeds 10 km mark. Developed by scientists of the Republic some designs of small and
mini HPPs were presented at the exhibition EXPO 2017 (Astana) and received the approval
of experts[6].
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COMSOL MULTIPHYSICS MAKETIHAE CFD MO YJITH MAWIAJTAHBITT
AWHAJIMA IIAFBIH I'2C-TI 3EPTTEY

byn maxanaoa suepeus kozi manuwl aumaxkmap men yaxern 1'9C (TuopoOnexkmpoCmanyus) nio-
MUHANApelHan Keuinei cy kanaioapvina Kouvliamuvii wiagbin I IC KOHObIPEbICLIH 3epmmey HCYMbICh
Kapacmulpwinovl, Hakmuipax atimxanoa COMSOL Multiphysics nakeminoe CFD mooynin natvidanransiisin
atinanmanvl wazvin I'OC 3epmmenoi.

Byn kypuvinevinvl 3epmmeyoiy bacmol cebebi 6i30iy memaekemimizoiy 21eKmp Ko3i manuivl, Opmanvly
ay0anoapoan uiemme OPHALACKAH AUMAKMApObl Kyam KO3IMeH KaMmamacwbi30anowblpy maceneci 60-
avin mabdwinaowl, conviven kamap TMJ] memnexemmepinoe oyn I'DC-miy mypi a3 3epmmeneet, oHulH
0ipOen-0ip cebebi omanoblK 0CLIHOAL KYPbLISbLLAPObl KYPAMbIH OPbIHOAPObIH A30blebl MeH OalamMabl
oHepeusi KO3iHiK a3 KOLOAHbLLIYbL, MeK aumamvli OONCAK COHEbL JAHCLLIOAPLL 2AHA OCbl OANAMANbLL dHep-
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2Usl MaKwlpulObIH CO3 emin, YAmmulK Kopoan Kapasicam 6oainyde. An mvicarwt bamvic Eypona, Anonus,
Kvimaii memnexeminoe 021 ocwl wiasvbin ' IC KYpbligblCblH Wbl2apamult OipHeue KOMNAHUAAp Oap.

Tyitin ce30ep: I'DC(TuopodnexmpoCmanyus), baramanvl suepeust, YUIUHOpP Niuindi mypouna,
KOHYCMbIK RIWIHOT mypOuHa.
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HCCJEJOBAHUE BOJOBOPOTHON MUHHU-I'IC C IOMOIIBIO
MOIYJIsA CFD B CPEAE COMSOL MULTIPHYSICS

B oannou cmamve paccmampusaiomesi ucciedosanust obopyoosanusi manou I'9C (Tuopodnek-
mpoCmanyus) ONid 600HBIX KAHALO8 NOCIe KPYNHbIX NIOMUH U IHEP2O0ehUYUMHBIX Meppumopull,
6 uacmnocmu, ucciedosanue 8000sopomuoi Munu I'DC ¢ nomowpio mooynsi CFD ¢ cpede COMSOL
Multiphysics.

OcHognas npuduna uzyyenus OaHHO20 YCMpOoUCmea — npodiema 31eKmpoCHabICe s 8 PAlOHAX HA-
well cmpanvl ¢ 0euYUmMom MeKmpoIHepeUY, PACTIONIONCEHHBIX 3a NPedelamu YeHMPAalbHblX PalioHo8, d
6 cmpanax CHI smom mun I'DC uzyuen cniabo uz-3a omcymcmeusi KOHCMpYKYUOHHOU MEXHUKU U CPAGHU-
MENbHA MAN0e UCNONb308AHUE ANbIMEPHAMUBHBIX UCIOYHUKOE dHep2ull 8 YenoM. Jluub 6 nociednue 200bl
u3 Hayuonanvroeo gonoa oviau gvidenenvt cpeocmea 0isi peuleHust dmoil npooiemvl anbmepHamueHoll
HepeemuKu.

Hanpumep, 6 3anaonoii Eepone, Anonuu u Kumae ecmv HecKOIbKO KOMRAHUL, KOMOPble NPOU3B0O0M
amy manyro T'OC.

Knroueswvte cnosa: I'2C(TuopodnexmpoCmanyus), arbmepHamusHas SHepaus, mypouna yuiuHoOpu-
yecKoll hopmul, mypouHa KOHUYECKoU hopmbi.



