yu] =,

Kinemuuna enepein — ue enepeis, eupoonena 3a paxy-
HOK weuodxocmi pyxy 6odu 6 piuxax. Enepzisa weuo-
Kocmi pyxy eo0u moxce oymu edexmueno peanizoeana
ak zamicoka enexmpocmanyin. Ile docnidxcenns npo-
8e0eH0 eKxcnepuMeHmanibHo 6 JadOPaAmopHuUx Ymoeax.
Bunpob6osyeana mypéina saense co6oro Kinemuuny eepmu-
KaavHy mypoiny, ocnaweny eicomoma nonamsamu. B oano-
My docniodcenHi cnocmepizanu 3a nN08ediHKO0 pYxy 600U
i 1onameii 6 mypoini.

Bizyanvne eunpobysanns — ue GunpoOyeanHs wiis-
XOM CnocmepedceHHs 3a pyxom nonamei mypoinu i noge-
dinxoro 600u 6 oonacmi mypoinu. Bisyanvie sunpodysan-
Hsl NMOKA3Y€E, WO € NPUMUHOI0 HU3LKOI NPOOYKMuUEHOCMI
i HecmabinbHo20 00epmanns mypoinu.

Ax euono 3 6isyanvHozo cnocmepedicenns, 600a He
noewnicmio eényuae 6 aonamv mypéinu. Yac eidxpumms
Jlonami mypoinu mpoxu 3ani3HunUll, momy 600a He MOice
noeHicM10 NiIOWMOBXHYMU NOGEePXHIO onami. Y neeHomy
noJsoxcenni ronami nomix 600U He NOMPANie 6 06.aacmo
MidC 06oMa nonamamu, wo npu3eodumv 00 CaabKozo
nowmosxy nonami. Ile o3nauae, wo 6i00yeaemovcs 3HuU-
JHCEHHA KPYMHO20 MOMeHmy mypoOiHu. 3 YUX NOACHeHb
sunaueae, w0 0amni 0OMeNCeHH € NPUMUHAMU Hecmadiib-
Ho20 obepmanns mypoinu. s nosinwenns npooyxmue-
HOCMi mypoOinu npononyemvCa 30iabwumu 1ucao sonamei
myp6inu. Yum Ginvwe nonameii, mum menuie oA Mijxc
dsoma ronamamu i mum epexmueniue nomix 600U WMoG-
xae aonamo mypéinu. Obepmanns mypoinu oyoe Girvu
cmadironum, a npodyxmusnicmo mypoinu, Ge3cymuieHo,
oyoe sume

Kmouosi caosa: enepeis 600u, nomenuiina enepeis,
Nn06OPOmMHA IONAMb, 6EPMUKATIGHUL 84T, KIHEMUHA MYP -
Oina, 6izyanvie cnocmepesicenis
| o
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Electrical energy needs can be met by utilizing available
energy sources. Water is a great source of energy. Areas with
hilly topography with many mountains; strongly support the
flow of large rivers and waterfalls. Natural resources can meet
electricity needs by converting natural energy into electrical
energy. The potential for hydropower can be divided into two
categories of water potential [1]. The first is large-scale water
potential and the second is small-scale water potential. In
this case the suitable small-scale potential is turbine kinetic.
Research on this small turbine kinetic is still very limited.

Therefore, studies are devoted to the water flow behavior
in the turbine area. Is it true that the water flow produces
a boost in the turbine blade. This force will generate momen-
tum which will later be converted into a turbine torque.

2. Literature review and problem statement

Indonesia has a great potential for new and renewable
energy reserves, but has not implemented to its full. Hydro-
electric power plants in Indonesia have reached around
4,200 megawatts (MW), or around 5.5 percent of the avail-
able water potential. The priority of the 2010—2014 National
Research Program, in the field of energy alternatives, is to

increase the use of renewable micro-hydro energy. The poten-
tial status of renewable energy is microhydro energy utiliza-
tion of 17.22 % or 86 MW of the available 500 MW potential.

Some researchers conduct a research to improve the ki-
netic turbine performance. In [2], a research was done to ob-
serve the effect of steering flow angles on cup-bladed kinetic
turbine performance. The study [3], reported a research on
a dual nozzle cross flow turbine and electrical power gene-
ration was also conducted. The results of this study are that
cross flow turbines with two nozzles have a higher power
and higher efficiency compared to turbine cross flow with
a single nozzle. Another research in [4] was conducted to
determine the prototype of a double wheel kinetic turbine as
a Rural Electric Power Plant. The purpose of this study is to
minimize the water stream backflow. The results of this study
indicate that the maximum load that occurs in the second
runner occurs at a water flow rate of 2 and 2.5 liters/second.

There is another research observation done [5] using
turbine hunters with vertical axes. The shape of the turbine
blade used in this study is a semicircular type. The turbine
blade is mounted on the turbine rotor with a hinge. The
torque generated from this type of turbine will rotate the tur-
bine and can generate power to be converted into electricity
by a generator. The work [6] is an extended research done
to determine three-dimensional effects on the performance
of tidal current turbines with vertical axis turbines. Just like




the research before, the blade used is made of a semicircular
sheet steel plate and uses a hinge. In addition to the type of
blade, the angle of water entrance will also affect the turbine
rotation. The water flow will not always be linear when the
turbine rotation increases and the direction of the water flow
angle with a constant speed in generating maximum rotation.

The report in [7] is a research on a savonius water turbine
that was investigated to obtain the turbine performance using
one and two steering blade plates. The steering blade serves
to direct the water flow straight to the blade right side. The
paper [8] is reporting a research conducted to test the perfor-
mance of a vertical shaft hinged arc blade kinetic turbine. This
turbine will be observed also in the analysis of the movement
behavior of the water flow in the turbine chamber to find
out some of the constraints of this turbine performance. This
turbine design is very simple and can be produced and used
in remote areas. The paper [9] proposed a study to obtain the
maximum Turgo Pico-Hydro Turbine performance by using
a single jet and a low turbine head of 3.5 m to 1 m.

In [10], a study was executed, to determine the perfor-
mance of the modified savonius turbine using two steering
plates to direct the flow of water to hit the turbine blade
straight ahead. A research was also done using the Response
Surface Methodology to optimize a vertical shaft kinetic
turbine as seen in the paper [11]. The kinetic turbine in this
study uses a vertical axis turbine. It is expected that the
use of this vertical shaft can facilitate the installation of an
electric generator. The turbine uses a bowl-shaped blade and
is attached to the turbine disk using a hinge. The use of this
bowl-shaped blade is expected to distribute the water mass
through the blade curvature and rise again gently in all di-
rections and can withstand the pressure of the water flow to
increase the tangential strength produced. So that the torque
produced will increase and produce an increase in turbine
performance.

Although some of the studies mentioned above are very
supportive of improving the hinged blade turbine kinetic
performance, but it seems that the turbine kinetic perfor-
mance improvement is not as large as expected [8]. Based
on theory and some research that has been done to support
the turbine performance improvement, turbine kinetic per-
formance should be far better than what is obtained from
the research [8]. It is suspected that there are some irre-
gularities that occur in the turbine area that do not work as
expected. One of the reasons to do this extended research is
the low momentum generated by the water flow pushing the
turbine blade.

In this study, experimental tests have shown a weakness in
the kinetic turbine performance. This experimental research
can only test and record the results. The results obtained
are evaluated by doing calculations based on the existing
formulas. So that if there is a low turbine performance the
researchers cannot identify the actual problem accurately.

As is known, turbine performance is determined by the
amount of torque produced. While the torque produced is
a conversion of the momentum generated by the water im-
pulse in the turbine blade. The thrust on the turbine blade is
the force produced by water flow on the blade. These state-
ments are of ideal conditions. So the main focus of producing
turbine torque is water flow that contains kinetic energy.
If what happens is different or the resulting value is smaller,
it needs to be observed whether that is the cause. The most
appropriate way, which has never been done by researchers,
is to look at the behavior of water in the turbine area. From

the behavior of water in the turbine, it is expected, a result
of the main causes of low turbine performance. The behavior
of water in generating performance is certainly related to the
turbine construction, turbine blade shape and in this study is
the behavior of hinges in the process of opening and closing
the blade. Whether the turbine blade opening and closing are
about the right time.

With the observations regarding the water flow behavior,
all events in the turbine area can be clearly seen. Every move-
ment, whether a water flow or a turbine part doesn’t work
properly, can be easily detected. Researchers could be easy to
make a decision on what to do, to solve the actual problem.
For example, making a modification of turbine parts that are
not working as expected. Modify the water flow rate direc-
tion, to get the optimum turbine performance.

To solve this problem, it is necessary to investigate what
actually happens in the turbine area. Therefore, research with
visual observation is expected to find out and hopefully could
solve the problem.

3. The aim and objectives of the study

The aim of this study was to investigate the kinetic
turbine performance after the turbine blade modified with
a hinge.

To achieve the set aims, the following objectives have
been set:

— to assess performance increase on the kinetic turbine
with a hinge blade, compared to the conventional kinetic
turbine;

—to see the maximum power produced by this kinetic
turbine;

—to investigate the maximum Kkinetic turbine hinged
blade efficiency;

— through a visual observation, does the blade move at
the hinge as desired.

4. Material and Methods

4. 1. Kinetic turbine

Kinetic turbine is a simple prime mover to generate
electricity. This kind of turbine is used in rural areas. It is
expected that this turbine could be easily operated. A lot of
research was conducted to raise the turbine performance.

As mentioned above, that turbine, which will be observed
in the study, has been tested for its performance in the Bra-
wijaya University (Indonesia) fluid mechanics laboratory. In
this test, what was done was to record all the performance
variables of the turbine. The parameters recorded are water
flow rate, turbine rotation (RPM), turbine torque and water
velocity. This turbine has a drum diameter of 120 mm. The
turbine blades have a specification of 110 mm chord length
and 110 mm blade height. The number of blades is 8 pieces
and all blades connect with a drum with a hinge. Each blade
can open and close freely around the hinge pin before posi-
tioned perpendicular to the drum and stopping at a stop. The
aim of using this hinged system is to prevent the water back
flow to reduce the turbine power [5, 6]. These whole turbine
test installation dimensions were taken based on the geomet-
rical similarities.

It is quite clear that each blade will get two dynamic pro-
cesses in full rotation, namely the opening and closing process.



But it is difficult to determine accurately when these two
processes are triggered or resolved by a certain water flow rate
only with theoretical analysis.

This turbine is tested with several variations of water
flow rates, namely 35 m3/s, 40 m®/s, 45 m3/s and 50 m?/s.
These water flow rate values were chosen to adjust with the
duct available in the laboratory. The other parameters are the
turbine breaking (similar to a prony break) to measure the
turbine torque. From the turbine torque, the turbine horse
power could be calculated.

4. 2. Kinetic Turbine Power

The power of a kinetic turbine is determined by the
amount of power produced by the flow. The kinetic turbine
power is calculated using the equation below:

B=5 Qe )

Using the continuity equation Q= A-v so that the equa-
tion becomes:

B=3pAT, )

with P, — water power (Watt); p — specific weight (kg/m?);
A — cross sectional area (m?); v — water flow velocity (m/s).

The equation below is used to determine the turbine
break horse power:

P=T-o, 3)

where T=F-R and ®=(2-n-n)/60; P, — turbine power
(Watt); T — torque (Nm); ® — angular velocity (Rad/s);
R — pulley radius (m); n — turbine rotation (rpm); F; — tan-
gential force (N).

The kinetic turbine efficiency is determined from the
ratio between the input water power and the power turbine
power:

n=—- (4
where P; — turbine power (Watt); P, — water power (Watt).

4. 3. Experimental installation

In this study, the turbine was submerged in a research
duct. The duct size was limited by the duct cross sectional
area. Convergent parts are installed upstream to accelerate
the water flow entering the turbine. The turbine blades are
the standard curved blades (Fig. 1) and have the same dis-
tance around the drum.

To facilitate the installation of turbines in the duct, the
turbine is prepared in a carrier (Fig. 2). The carrier, with the
turbine model load on it, would be easily placed/submerged
in the turbine test duct channel.

Fig. 2. Turbine mounted on a carrier

During the observation, a water flow regulator (Fig. 3)
is used to control the water flow rate, especially for the water
flow rate variation regulation.

The turbine position in the duct could be seen in Fig. 4.

Fig. 4. Turbine positioned in the duct

The turbine rotation (RPM) was also measured for every
turbine parameter variation (Fig. 5).

Turbine torque is obtained from a breaking parallel loa-
ding system (Fig. 6).

Regulating the water flow rate can be monitored from
an equipment mentioned as the water flow rate indica-
tor (Fig. 7).



Fig. 7. Water flow rate indicator

4. 5. Experimental study by recording water and blade
behavior

As mentioned above, this research is observing the tur-
bine blade and the water flow movement. To observe in this
way, a camera is needed.

The camera used is a Nikon Coolpix S8000 14.2 mega-
pixel digital camera with 10x Optical Vibration Reduction
VRO zoom and 3.0 Inch LCD (Fig. 8). This camera is used to
capture instantaneous images of turbines running at different
rotational speeds.
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The maximum resolution of the camera is 14.2 mega-
pixels, the speed at maximum resolution is 1,000 pps, and
the maximum recording duration is 1.92's. To observe the
opening and closing points directly, the camera is placed
above the turbine duct (above the turbine carrier), so the
behavior of the water flow rate and blade movement can be
recorded directly.

This turbine has been tested for its performance, under
a number of conditions, variations in parameters for ob-
taining turbine performance. In this advanced research,
turbine behavior will be observed in more detail by taking
pictures of blade movements and water flow rate behavior
in the turbine. This advanced research is needed to see how
the turbine blade moved and how is the water movement
behavior in the turbine chamber, in accordance with the re-
search assumption that has been established.

One reason, for this study, to observe the turbine blade
behavior, movement and water flow rate movement, is that
the unstable turbine rotation and the low turbine efficiency
were predicted from the theoretical estimates.

In summary, the implementation of this research is,
taking video pictures as long as the turbine operates at a cer-
tain water flow rate, certain turbine turns and certain loading.

5. Results

5. 1. Research results from the laboratory experiment

From the laboratory experiment, the test results are shown
in Table 1. The results of this test are carried out in accordance
with variations in the water flow rate of 35m3/s, 40 m3/s,
45m3/s and 0m3/s, and a runner braking variation to get
a turbine rotation of 90 rpm, 70 rpm, 50 rpm, 30 rpm and final-
ly, a maximum braking turbine rotation equal to 0 rpm.

Table 1
Kinetic Turbine Test Results
g, n, AF, V, T, Water | Turbine Eff
m’/h | (rpm) | (N) | (m/s) | (Nm) | Power | Power

35 90 3.2 26 | 0448 | 32.8 422 | 12.86
35 70 4.7 26 | 0658 | 328 482 | 14.69
35 50 6.6 26 | 0924 | 328 484 | 14.74
35 30 8.5 2.6 1.19 | 328 374 | 11.39
35 0 11.2 26 | 1.568 | 32.8 0 0
40 90 4 286 | 0.56 | 4536 | 528 | 11.63
40 70 6.1 2.86 | 0.854 | 45.36 6.26 | 13.79
40 50 8.7 2.86 | 1.218 | 45.36 6.37 | 14.05
40 30 10.4 | 2.86 | 1.456 | 45.36 | 4.57 | 10.08
40 0 12.8 | 2.86 | 1.792 | 45.36 0 0
45 90 5.8 325 | 0822 [ 65896 | 7.65 | 11.61
45 70 7.8 325 | 1.092 | 65.896 | 8.00 | 12.14
45 50 9.6 325 | 1.344 [ 65.896 | 7.03 | 10.67
45 30 109 | 3.25 | 1.526 [ 65.896 | 4.79 7.27
45 0 14.5 | 3.25 | 2.03 |65.896 0 0
50 90 8.6 3.6 | 1.204 [89.838 | 11.34 | 12.62
50 70 1.1 3.6 | 1.554 [89.838 | 11.38 | 12.67
50 50 13 3.6 1.82 |89.838 | 9.52 10.6
50 30 16.2 3.6 | 2268 |89.838| 7.12 7.93
50 0 17.3 3.6 | 2422 |89.838 0 0




From the graph of Fig. 9 it can be seen that the highest
average turbine torque is at a water flow rate Q=35m3/s
and at a maximum turbine runner braking. The second
highest turbine torque is when the water flow rate is equal to
Q=45 m?/s. While the lowest turbine torque is at the water
flow rate of Q=50 m?/s and at Q=40 m?/s.
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Fig. 9. The relationship between
the turbine torque vs turbine rotation graph

From the graph of Fig. 10 it can be seen that the average
highest turbine efficiency is at a water flow rate Q=35 m?/s.
The highest turbine efficiency is at Q=35 m?3/s and at a tur-
bine rotation 7=60 rpm. The second highest turbine effi-
ciency is at the water flow rate Q=40 m3/s and at a turbine
rotation n=60 rpm. While the lowest efficiency occurs at the
time of the water flow rate Q=45 m?/s and at Q=50 m?/s.
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Fig. 10. The relationship between
the turbine efficiency vs turbine rotation graph

From the graph in Fig. 11 it appears that the average
highest power produced is at the water flow rate Q=50 m?/s.
The highest produced turbine power is at Q=50 m3/s and
at a turbine rotation =80 rpm. The second highest power
turbine is produced at the water flow rate Q=45 m?/s and at
a turbine rotation n=70 rpm. While the lowest turbine po-
wer production occurs at the water flow rate of Q=40 m3/s
and at Q=35 m?/s.

°Q=35m3/s *Q=40m3/s - Q=45m3/s + Q=50 m3/s

A14
12
X S
éz ¢ /’\
£

O - T T T 1

0 10 20 30 40 50 60 70 80 90
n (rpm)

Fig. 11. The relationship between
the turbine power vs turbine rotation graph

5. 2. Research results, visualizations of water and tur-
bine blade’s movement on a kinetic turbine

As mentioned earlier, the behavior of water movement in
the turbine and turbine blade behavior will be recorded in the
form of video recordings. Recording this video will then be
described as an image sequence for each movement change.
The video will be converted into an image for each frame.

Fig. 12 shows an example of some converted images from
a video into an image per frame as follows.

From these pictures, every turbine blade and water flow
movement could be seen. For the complete observation, some
picture was taken for the maximum blade momentum and
of course the maximum water movement to get the highest
water push or pressure given to the turbine blade. Another
picture was also taken to observe the blade and water move-
ment for the worst turbine condition, to find out the lowest
water turbine performance. The maximum water turbine per-
formance could be seen from the maximum turbine blade ope-
ning and the maximum water flow pushing the turbine blade
and converting the water energy to be a mechanical energy.

__ .




6. Discussions on the water flow
and turbine blade movement

6. 1. Water flow and turbine blade movement on the
first rotor position

To find out what happened in the turbine room, the first
frame image of the video recording was taken at the time of
observation. Fig. 13 shows the image that will be observed as
a blade movement in the first position.

Fig. 13. Turbine blade at the first position

In the first blade movement position it is shown that
there are several water flow directions entering the turbine
blade (Fig. 13).

Looking at the flowline number 1 and flowline number 2
it is indicated that the initial flow of water is entering the
turbine runner. While seeing flowline number 3 and flowline
number 4 it is indicated that the water flow enters the blade
to push the turbine blade, spinning the turbine rotor and
produces mechanical energy. This is based on the momen-
tum theory [14], which says that the momentum of a mo-
ving object is defined as the result of mass and velocity. In
straight-moving objects, the momentum is also called linear
momentum. The law of conservation of momentum reads:
«The linear momentum of an object does not change as long
as there is no external force acting on the object» [12, 15].

Flowline number 5 is the water flow that does not enter
the blade area and immediately leaves the turbine runner
without giving any effect to the blade [13]. Flowline num-
ber 6—8 indicates that part of the water is flowing over the
top of the turbine, so that the water flow does not fully push
the turbine blade. The effect of water flow passing through
the blade top area will reduce the mechanical energy pro-
duced [13].

Furthermore, flowline number 9 shows that some water
does not push the blade before entering the next blade cham-
ber, resulting in no additional mechanical energy generated.

6. 2. Water flow and turbine blade movement on the
second rotor position

Blade movement at the second position (Fig. 14) is the
blade movement after the first movement.

At the second blade movement position, several direc-
tions of water flow entering the turbine blade are shown.

From the picture in Fig. 9, it is seen that flowline 1 and
flowline 2 indicate the initial flow of water entering the
turbine runner. Secondly, flowline 3 is the flow of water that
does not enter the blade area and immediately leaves the tur-
bine runner without giving a momentum effect to the blade.
Thirdly, flowline 4 indicates that the water flow enters the

blade to push the turbine to spin and produce mechanical
energy. While, flowline 5 and 6 shows that a vortex developed
in the blade chamber. The vortex will produce a mechanical
energy provided by the blade. Furthermore, flow lines 7-9
indicate that part of the water flow jumps over the top of the
turbine. The effect of the flow of water passing through the
top of this blade will reduce the mechanical energy produced.

Fig. 14. Turbine blade at the second position

Flowline 10 indicates that some of the water that does
not push the previous blade will enter the next blade
chamber so that the blade also produces mechanical energy.
Flowline 11, 12 and 13 push the next turbine blade and also
produce mechanical energy. Finally, in this section there is
no indication that there is a flow of water that jumps over

the blade.

6. 3. Water flow and turbine blade movement on the
third rotor position

Blade movement on the third position (Fig. 15) is the
blade movement after the second blade movement.

Fig. 15. Turbine blade at the third position

At the third blade movement position, it is shown that
several water flows are entering the turbine blade. It could
be seen that flowline 1 and flowline 2 indicate that the initial
water flow is entering the turbine runner.

Flowline 3 is the flow of water that does not enter the
blade area and immediately leaves the turbine runner with-
out giving any effect to the turbine blade. While, flowline 4
indicates that the water flow enters the blade and pushes the
turbine blade to spin the turbine and produce mechanical
energy.

Flowline 5 and 6 shows that a vortex developed in the
blade chamber. The vortex will produce a mechanical energy
provided by the blade. Flowline 7-9 indicate that part of the



water flow jumps over the top of the turbine. The effect of
the flow of water passing through the top of this blade will
reduce the mechanical energy produced.

Flowline 10 indicates that some of the water that does
not push the previous blade will enter the next blade cham-
ber so that the blade also produces an additional mechanical
energy. So the flow line 11, 12 and 13 push the next blade and
also produces an additional mechanical energy.

In this section there is no indication that there is a flow of
water that jumps over the blade. What is visible is the water
that leaves the blade after the water rotates in the blade area,
providing mechanical energy, and immediately leaves the
blade chamber to the turbine chamber exit.

Observation was also taken to indicate the lowest turbine

In the momentary picture, Fig. 16 shown above, it is seen
that there is a blade that has not been filled with water. So
that the drive on the turbine as a whole is reduced, because
only the blade gets the water flow pressure. The sign(x) shows
the space between two blades that are not driven by the water
power. While the flow of water denoted by an arrow shows
the flow of water that pushes the other blade and there is
also a flow of water that does not push the blade but directly
leaves the turbine. The turbine blade gets a boost proven by
the action in the blade area (rotating arrow). Compared to the
images that get two or three blades pushed by the water flow,
this picture shows that the weakest turbine drive occurs when
only one blade gets a boost. This blade visual observation is
the worst water and turbine blade behavior.

performance by choosing. Fig. 16 shows the picture of the
lowest turbine performance.

7. Conclusions

1. There is an improvement of the kinetic turbine perfor-
mance, but it is very small. Actually, it is expected that there
will be a more significant turbine performance improvement.

2. The maximum power produced is as big as 2,422 Nm
which occurs at the time of the water flow rate given is
50 m?®/s and at a maximum braking.

3. The best turbine efficiency is about 12.86 %, which oc-
curs at the 35 m?/s water flow rate and with a 0.448 Nm torque.

4. The blade closing, when the water jets hit the blade
back part, is also a bit too late. As a result, the turbine rotor
would get an inverse push and produces an opposite torque.
The overall torque would decrease and causes a low turbine
performance.

Fig. 16. The lowest turbine performance
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3anpononoeano cxemy 2ibpuonoi 6i0nosa06an0i enexmpuy-
HOI cmanyii 3 po3wupeHuM GUKOPUCMAHHAM 6CMAHOBIEHO20
001a0HaHNA 2i0pOAKYMYAI0I0H020 ON0KA 0N NepemeopeHis
nocmiiinozo cmpymy omoenexmpuunux ma 6imposux zenepa-
mopie 6 3MiHHUI.

Cxema 6asyemvcs HA HASABHUX KOMNOHEHMAX 3 WUPOKO
BUKOPUCMOBYBAHOI0 6I0NPAYbOBAHOI0 MmexHoNozic0. Ina euda-
i NOMYNHCHOCMI MA NepPemeopPeHHss NOCMINUH020 CIMPYMY COHAY-
HUX Ma 6iMposuUx zenepamopié 6 3MIHHUIL OKPIM Mepedicesux
iHBEPMOPI6 BUKOPUCMOBYEMBCA CUHXPOHHUIL 2eHepamop 2iopo-
aKymyaio10uo20 oa0ky. J{ns odepmanns zenepamopa Kpim 2iopo-
MYpoOiHU MAKOHC BUKOPUCMOBYEMBC ACUHXPOHHUL 08U2YH, NiO-
KJoUeHull uepes Hacmomno-pezyab08anull npueoo 00 3azanvHoi
wunu nocmitinozo cmpymy cmanyii. Kpim moeo, 0o wunu nocmiii-
H020 CMpyMmy NiOKI0UeH] eNlekmpoxXimMiuti akymyasmopu i bama-
pei Kondencamopis.

Ilpoananizoearno moxncaugicms BUKOPUCMAHHA PIZHUX MUNIG
eNEKMPUMHUX MAWUH 0N NPUBOOY CUHXPOHHOZO0 2eHepamopa
i nokazamo nepeeazy acCUHXPOHHO020 08UYHA. 3MO0ENbOBAHO
Peaxyito acuHxpoHH020 08UZYHA HA KOJIUGAHHS WEUOKOCMI 00ep-
manns i noKazano 1020 30amuicmev Opamu y1acmv 6 pezyio-
eanni uacmomu mepexci. Ha npuxaadi munogozo 0o606ozo epa-
Qixa nasanmasicenns i zenepauii noKasano, wWo 3anponoHosare
Ppluenns no nepemeopeHnHo NOCMilH020 CMpPYMmy 8 IMIHHUU MAE
KK/, 6ausvruii 0o KK/ mepescesozo ineepmopa.

3anpononoeana cxema 2ibpudioi cmanyii 00360.J15€ nioeuusU-
mu naodiiinicmo pobomu 6ionose06anux 0xcepen enepeii i cma-
Oinvricmo wacmomu mepesxci. Ile docszacmovca 3a60saxu 36ia6-
wennio inepuii 06epmoeux mac 6 emepzocucmemi, MOJNCAUBOCHI
YNPABAIHHA KOeDIUIEHMOM NOMYMCHOCMT CUHXPOHHO20 2eHepa-
mopa i 61aCMuUeill ACUHXPOHHOMY 06UYHY PeaKuii HA KOAUBAHHS
weuoxocmi obepmannsn. Cmeopenns maxux 2i6puonux cmanuii
8ioKpusae waax 00 n00AILUO020 30LTbUEHNHA HACMKU 610106110~
sanux oxcepes 8 eHepzocucmemi

Kntouosi cnosa: eionosnioeana enepeemura, 2iopuona enex-
mMpocmanyis, 1acmomuo-pezyarv08anuii npueood, ACUHXPOHHUU
odsuzyn
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1. Introduction

Electrical power generation is changing dramatically
around the world. The installed capacity of wind and solar
power plants is already measured in hundreds of GW. Current-
ly, mainly maneuverable gas turbine units and pumped-stor-
age power plants (PSPP) are used to compensate the negative
impact of renewable energy (RE) sources on the stability of
the power system. In recent years, we can see accelerated
growth of different kinds of renewable hybrid power plants
(RHPP) which can incorporate photovoltaic systems, wind
generators and powerful Li-Ion storage battery units.

This promising technology ensures stable generation of
electricity and high maneuverability level of RHPP but it still

has a number of drawbacks. On the other hand, more tradi-
tional RHPP schemes including those that use small PSPP for
energy accumulation are also explored in the world. The true
potential of this type of plants has not yet been fully shown;
and they can solve the problems that we will encounter as the
use of Li-Ton storage batteries in power systems increases.

2. Literature review and problem statement

In power grids, electronically coupled sources have been
growing rapidly over the past few years, where the reliability
of stable power balance between generation and demand is
achieved by the sole use of energy storage [1].




