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Kinemuuna mypo6ina 3 wamonodiGnumu ionamsamu mMae HU3bKy npo-
oyxmuenicmo. Ile nedopoea, npocma y euzomosnenni i 6cmanosaenmi
mypoina. Kinemuuni mypoinu eupo6aaiomocs cneyiaivho 0as CilbCbkoi
Micuesocmi, aKa modxce 3HAX00UMUCA 0ANeKO 610 MexHoN0IuHUX 00 €K -
mis. Ilpuuuna, 3 saxoi dani mypoiHu 6ce we BUKOPUCMOBYIOMBCS, NONAZAE
6 3abe3neuenii eJeKkmpoenepeieto Citbcokux paionis. locaioicenns maxoi
Kinemuunoi mypoinu 3 1auonodiGHUMU JoNaAMAMU 6Ce Ule NPOBOOAMBCS,
xoua i ne max uwacmo. bazamo sycunv 6yno doxnadeno 0as noninuwenns
Kinemuunux xapaxmepucmux mypoinu. Jane imimauiine 0ocaioxcenns
0y10 nposedero 0N NOPIBHANNA 36UMALINOL Kiremuunoi mypoinu 3 wawo-
noodioHuMU Lonamamu 3 Kinemuunoio mypéinoiro 3 000amKo6010 pyavo60i0
Js0nammio na npedmem ni0GuueHHA NPOOYKMUSHOCME MYpPoHiHu.

IIpo npodyxmuenicme Kinemuunoi mypoinu ModCHA cyoumu 3a 6eu1u-
HO10 MUCKY A0 IMNYNbCY, WO BUNUKAE MINC 080MA TONAMAMU.

Memoto nposedenozo modentoeanns € nepesipKa MucKy, SKul 6UHUKAE
6 UOMUPLOX NOCNIO0BHUX JIONAMSAX, AKI KOHMAKMYIOMob 3 NOYAMKOBUM
nomoxom 600u. Ilepesipxa yb020 Mucky 6UKOHYEMbC NPU KOHCHOMY 5 -2pa-
oycnomy nepemiwenni xoaeca mypoinu, nouunatouu 3 a=45° do a=45°,
maxum Hunom Gyoe ompumano 0es’smv nap pe3yavbmamis NOPi6HAHHI NPo-
OyxmueHnocmi Kinemuunoi mypoinu 3 HauonodioHuMuU IOnamamu.

Ha 36uuaiiniii kinemuuniii mypoini 3 1auono0ioHuMu 10NaAmamu Mo’cHa
nobauumu, wo nomix 600U, w0 HA0xX00uUMdb 6 00ACMs MYpoinU, nicas nio-
WMOBXYBAHHS NePuLoi onami nNpAmMye 6 30HYy 6uxody mypoinu. Taxum
HUHOM, 66AIICAEMBC, WO MAE MiCUe nomenuilina empama enepeii 600u.

Mooenmosannsa xinemuunoi mypoinu 3 4awonodiGnumu ronamsamu
3 pYAb06010 IONAMMIO NOKAZYE, WO MUCK Ha Konami 36invmyemocs. llomix
600U, WO NOKUNYE 00aCmb MYPOIHU, MONCE YUHUMU 000AMKOBULL MUCK
Ha pewmy nonamxu mypoinu. Ilpu nodyoosi epagixa snauenns mucky
pe3yavmamy Mo0en06aAHH CMAE IACHO, W0 NICJAS NPUEOHAHHS PYTb060T
Jlonami cnocmepizaemocs nidsuuens npooyKmuenocmi mypoinu

Kntouosi crosa: wamonooiona sonamo, Kinemuuna mypéina, cinbcoka
Micyegicmo, pyivo6a 10namv, iMnYJisC, NPOOYKMUGHICMb

|l =,

Received date 28.03.2019

|DOI: 10.15587/1729—4061.2019.173986|

BOWL BLADED
HYDROKINETIC
TURBINE WITH
ADDITIONAL
STEERING BLADE
NUMERICAL
MODELING

Rudy Soenoko
Doctor of Technological
Sciences, Professor*

E-mail: rudysoen@ub.ac.id
Purnami

Doctorate*

E-mail: purnami.ftub@ub.ac.id
*Department of

Mechanical Engineering
Brawijaya University

Jalan. Mayjend Haryono, 167,
Malang, Indonesia, 65145

Copyright © 2019, Rudy Soenoko, Purnami

Accepted date 13.07.2019
Published date 19.08.2019

1. Introduction

Kinetic turbine is a turbine that relies on water flow rate
or kinetic energy. There are two types of kinetic turbines that
have been studied, namely the curve bladed kinetic turbine
and the bowl bladed kinetic turbine (BBKT). Both types of
turbines are developed because they are easy to manufacture
and easy to maintain and are often found in rural areas [1, 2].
Because of its simplicity, this turbine has a low efficiency.

Discussing hydrokinetic turbines is interesting, because
this type of turbine is a simple turbine that utilizes kinetic
energy. This turbine is not costly, easy to make, easy to install,
easy to operate and easy to maintain. The main problem is
the low turbine performance. The hydrokinetic turbine is the
development of a horizontal axis water wheel. A hydrokinetic
turbine technology was adopted from a horizontal axis water
wheel.

Although there have been many kinetic turbine problems
that have been solved in the field based on the water flow
behavior, but there are still no studies solving the problem
officially published internationally. Most scientists are aware
of the low kinetic turbine performance. Many factors are sus-
pected to be the cause of this low performance, one of which
is the behavior of water entering the turbine room area.

This is an open access article under the CC BY license
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Although this turbine is simple, it does not mean that this
turbine does not need to be improved. An innovative inves-
tigation is needed to improve this kinetic turbine. Because
the slightest increase in performance is very meaningful for
a small scale water power plant.

Therefore, it is necessary to conduct a special study
that utilizes basic knowledge about water flow behavior.
Especially the water flow behavior that discusses the thrust
generated on the turbine blade. In this case, the basis used is
the momentum for each turbine blade. Increasing the amount
of water that drives the blade can ensure that the momen-
tum will be even greater. So it was decided to examine this
turbine kinetic by adding a steering blade. The purpose of
the addition of the steering blade is for more blades to gain
momentum of the water.

2. Literature review and problem statement

Turbine kinetic simulation studies for tidal currents have
also been carried out to obtain the optimal turbine perfor-
mance [3, 4]. While the steering blade addition was adopted
from the study entitled Investigation on the Performance
of a Modified Savonius Water Turbine with Single and Two



Deflector Plates [5]. Another research was about the variable
openings that regulate a steering blade that will determine
the work of the cross flow turbine [6, 7].

Research on kinetic performance of standard turbines,
published in international journals, is very little. There
are many studies on this turbine kinetic test, but none are
published internationally. Most of these turbine kinetic test
studies are published in national level journals.

A study about an approach for hydrokinetic dynamic
behavior [8] mentioned that the study was conducted to find
out how to improve the hydrokinetic turbine performance.
In this study, it was stated that it is necessary to develop
capable methods of implementing efficient hydroelectric
systems. Mechanical losses are the focus of this study, so that
this study is focusing on shaft coupling by implementing
a speed multiplier. Another study [9] introduces a magnetic
coupling to improve the turbine efficiency. This study at-
tempts to solve the low turbine efficiency by minimizing the
mechanical loss.

Other studies discuss the kinetic turbine by varying
the blade numbers and the directional plate angle varia-
tions [10]. Which actually indicates a problem with water
flow behavior in the turbine.

Similarly, the study suggested the Darrieus hydrokinetic
turbine [11]. Where the kinetic turbine adopted from the
wind turbine is believed to provide a better hydrokinetic
turbine performance.

A cascade turbine called Vertical Axis Hydrokinetic Tur-
bine — Straight-Blade Cascaded (VAHT-SBC) was discussed
with three variations in the blade number that compare the
experimental and numerical simulation result tests [12]. The
purpose of this study is to review, which VAHT-SBC model
has the best performance.

A study conducted a CFD analysis to compare several
variations of three turbine positions to obtain a best turbine
position to produce the best turbine performance [13]. At
a glance, it appears that this study actually discusses the wa-
ter flow behavior that occurs in the turbine area.

This article discusses computer code algorithms to calcu-
late the performance characteristics of ducted axial-flow hy-
drokinetic turbines [14]. One of the goals is to detect vortex
and cavitation. It is seen that the water flow behavior in the
turbine is observed in this study.

Other paper reviews work involving small axial flow
hydrokinetic turbines specifically for generating electricity
for remote communities outside the network and suggests
improvements to overcome major problems. However, some
deployments have experienced major problems with debris
attached to the turbines, which resulted in disrupted opera-
tions. Again, this is related to the flow of water entering the
turbine [15].

A study of hydrokinetic which has a hinge that moves
the blade towards the outer side when it gets a water
pressure on the blade back side. The purpose of the blade
construction of the kinetic turbine is to reduce the negative
forces occurrence. Where this negative force will produce
a negative momentum, which finally would lower the turbine
performance [16].

From several studies that have been mentioned, the ob-
jective of these studies is to obtain better performance of the
hydrokinetic turbine. All topics discuss design optimization,
which actually talks about the water flow. One thing that
has not been observed in depth is how water flow behaves in
the turbine area. How does the water flow push the blades.

Does the water flow speed really produce a force on the
blades, which is strongly related to the turbine performance.
A study about a Bowl Bladed Hydro Kinetic Turbine Perfor-
mance [17] shows that the water flow just pushes one blade.
From all the reviews above, it is very necessary to conduct
a CFD study on bowl bladed kinetic turbine with an addi-
tional steering blade. With this numerical modeling, water
flow behavior will be seen. Hopefully, this bowl bladed
kinetic turbine with a steering blade will improve the perfor-
mance of hydrokinetic.

3. The aim and objectives of the study

The aim of the study is to investigate the bowl bladed
kinetic turbine performance with a steering blade, using
a Computer Fluid Dynamic Simulation.

To achieve this aim, the following objectives are accom-
plished:

— does the turbine performance increase after attaching
with a steering blade;

— is there an increase in momentum with an additional
steering blade, for each area between 2 blades;

—is there an increase in momentum in areas covering
4 blades reviewed;

— how many blades get a large water pressure.

4. Basic definitions

4. 1. Kinetic turbine

As explained above, the kinetic turbine is a simple turbine
that can produce electrical energy, but its performance is
low, the electricity quality is low, because the rotation is not
stable and can only produce low-quality electricity. Curve
bladed kinetic turbine has been studied in the laboratory.
The research conducted was to test the turbine model on
a laboratory scale [10, 11]. The laboratory scale kinetic tur-
bine test results show a low turbine performance. The results
of this low laboratory test triggered the researchers to find
out the cause. One of the allegations of this low efficiency is
that the blade is not maximally pushed. Research then conti-
nued by conducting a simulation test with the computational
fluid dynamic software. The objective of using this CFD
software is to find out the water flow behavior and observe
the amount of pressure on the turbine blade. The pressure on
the turbine blade will generate momentum and eventually be
converted into a turbine torque. This curve blade kinetic tur-
bine simulation research adjusts to the dimensions and test
conditions that are the same as the size and conditions of the
tests carried out in the laboratory [18]. From the test results,
it was found that the water flow that drives the turbine blade
only produces a small momentum. The reason is that only
a few blades are driven by the water flow, because the water
flow, after pushing one blade, was directly going out into the
turbine output. This is what is suspected to be the cause of
the low turbine performance. Because water flow that still
has kinetic energy leaves the turbine area immediately. From
the results of this evaluation, CFD simulation studies were
continued by adding a steering blade on the turbine [3]. The
purpose of installing this blade is expected to be able to hold
the water out directly into the turbine outlet, so that this wa-
ter flow can increase the impulse on the next blade. From the
simulation results, it was found that the pressure between the



two blades increased, which meant that turbine momentum
increased and finally would increase the turbine torque. The
turbine torque increase would surely increase the turbine
efficiency. By applying or assuming a certain turbine rotation,
from the simulation results, the turbine power and turbine
efficiency values will be obtained. In fact, in the study of the
bladed kinetic turbine conducted [12], it was seen that the
bowl bladed kinetic turbine had a better performance than
the curved blade kinetic turbine. However, because both types
of kinetic turbines have been present in several places, the
research of these two types of kinetic turbines has always been
developed. Because it was felt that the bowl bladed kinetic
turbine was considered to still have a low performance, further
research was carried out by conducting this study of bowl
bladed kinetic turbine simulation [19]. From the results of
the simulation research with this bowl bladed kinetic turbine
CFD, it was also concluded that there was a water flow that
immediately left the turbine area after pushing just one blade.
The simulation results show that the bowl bladed kinetic tur-
bine has a better performance compared to the performance
of the curve bladed kinetic turbine. While the curved bladed
kinetic turbine with a steering blade has a better performance
than the bowl bladed kinetic turbine. The low bowl bladed
kinetic turbine performance has probably the same problem
occurred on the curve bladed kinetic turbine, which is the
presence of water flow that immediately leaves the turbine
area after pushing just one blade. An illustration of this phe-
nomenon can be seen from the simulation results in Fig. 1.

Fig. 1. Water flow leaving the turbine area

In this study, the activity was to simulate a bowl bladed
kinetic turbine with an additional steering blade. The aim is
to do a simulation evaluation as has been done on the curve
bladed kinetic turbine. It is expected that the overall kinetic
momentum of this turbine will increase. The turbine blade
gets a larger boost, because the water flow was directed to
pound the blade as much as possible.

The momentum theory states that the increase in pres-
sure on the blade will increase the momentum.

4. 2. Momentum

Jet impact is based on a collision event, in this case the
collision between a fluid jet flow and a blade. This underlying
theory is the theory of momentum for fluid (Fig. 2).

General form of fluid momentum theory: Impulse=
= Momentum change [15]:

Fer=m(V,-V,)

Fluid Mass Flow:

m=p-V=p-A-X,
X

F=P'A'7(V1—V2)7

where p — density, kg/m3 A — Jet cross-sectional area, m%
V — Fluid Velocity, m/s; F — Force acting on the blade, N;
X — Fluid Length; X/t=V=speed.

BLADE
Fluid
—_—

Fig. 2. Momentum

4. 3. Flat Blade (perpendicular to Jet stream)

The starting fluid flow is V; and the water flow velocity
precisely hit the blade is V5 which is assumed to be 0 (zero).
The distance between V; and Vs is X, which is taken in
t seconds (Fig. 3).

BLADE

N

Vi— V, =

Fig. 3. Flat Blade momentum
The force acting on the blade can be calculated as follows.
X
F=P'A'7(V1 -V,),

F=p-A-V(V-0),
F=p-AV?,

where p — density, kg/m3 A — Jet cross-sectional area, m%
Vi — incoming Fluid Velocity, m/s; V5 — out Fluid Velo-
city, m/s; F — Force acting on the blade, N.

4. 4. Angled Blade (Against the Jet stream)

Assume that V is the fluid flow velocity. The perpendi-
cular water flow velocity of the blade is Vi=Vcos8. While
Vy=the fluid velocity precisely hits the blade, which is as-
sumed to be 0 (zero). The distance between Vi and Vs is X,
which is taken in ¢ seconds (Fig. 4).

From the information F can be calculated as follows.

X
F:pA?(K _‘/2)v

F=p-A-V*(Vcos9),

F:p-A-VZ-cose,



where p — density, kg/m3; A — Jet cross-sectional area, m?
Vi — incoming Fluid Velocity [m/s]; Vo — End Fluid Velo-
city [m/s]; F — Force acting on the blade, N.

Vi=Vcos 0

Fig. 4. Angled blade momentum

4.5. Curved Blade

The turbo engine utilizes force due to fluid through
a moving blade. There is no work that can be done against or
by the fluid flowing through the fixed blade. If the blade can
move, then work can be done on the blade or fluid. Forces
carried out by the blade are indicated by F, and F,. Then
the control volume contains fluid in sections 1 and 2. Abso-
lute velocity vectors start at zero, and the relative velocity
vector Vo—u rotates through the angle 6 as shown Fig. 5.
Vy is the absolute final speed that leaves the blade. Rela-
tive speed v,= Vo—u does not change the size along the trip
through the blade. The period per unit time is given by pAgo;.

Fig. 5. Curved Blade Momentum

The application of the equation in the volume control
(Fig. 5) gives the force equation as follows.

F,=p-(V, ~u)f - A,-(1-cos6),

F,=p-(Vy—u)"- A,sin®,

y

where p — density, kg/m3 A — Jet cross-sectional area, m?
Vo — incoming Fluid Velocity, m/s; F, — Force acting on
the blade on the x-axis direction, N; F, — Force acting on
the blade on the y-axis direction, N; u — the blade velocity
movement, m/s.

Therefore, through this investigation, it is expected
that the turbine performance will increase. Investigation of
turbine performance in this study is to conduct a simulation
investigation using Computer Fluid Dynamic (CFD) tech-
nology. The type of kinetic turbine that will be investigated is

the bowl bladed kinetic turbine. Bowl bladed kinetic turbine
was chosen in this study because the curved blade kinetic
turbine has been studied and the results are quite satisfacto-
ry [20]. Another reason why this investigation is carried out
with simulation is, firstly, by a simulation research, the re-
search will be low in cost, because modifications to the model
can be done anytime. The modification can be very easily be
done by utilizing the existing facilities in the CFD software.
Secondly, if the research is carried out by experiments in the
laboratory, the modification process will be more complicat-
ed and the costs required will also be high. The purpose of
this research is to simulate the bowl bladed kinetic turbine
performance. So the simulation research in this study is
to compare the conventional bowl bladed kinetic turbine
(Fig. 6) with a bowl bladed kinetic turbine that was given an
additional steering blade (Fig. 7). Based on the consideration
of the momentum that occurs in the blade, the addition of the
steering blade is expected to increase the overall kinetic mo-
mentum of this turbine. The additional steering blade inves-
tigation has been carried out in previous studies conducted
on the curve blade kinetic turbine [21].

Fig. 6. Bow! Bladed Kinetic Turbine

Steering Blade

Fig. 7. Bowl Bladed Kinetic Turbine+Steering Blade

5. Material and methods

5. 1. Bowl bladed kinetic turbine

A kinetic turbine is a simple turbine that just depends on
the fluid flow energy. Kinetic turbine is the development of
a water wheel that moves on the horizontal axis. To get better
performance, the blade shape that was flat was designed to
be a curved blade to get a greater momentum. Furthermore,
the curve blade kinetic turbine was further developed, so
that performance improved again, by turning the blade into
a bowl shape. The selection of the kinetic turbine blade into
the bowl shape is adopting the pelton turbine blade shape.



The purpose of forming this bowl shaped blade is that the
momentum generated will be greater. The bowl bladed kine-
tic turbine shape is shown in Fig. 8.

NG g

\7)\

Fig. 8. Bowl bladed kinetic turbine

This bowl bladed kinetic turbine (BBKT) was already
investigated by several researchers, both tested experimen-
tally and tested with computational fluid dynamic (CFD).
Whereas this research is the development of the BBKT by
adding a steering blade and testing using CFD.

3. 2. Computational Fluid Dynamics

Quantitatively the flow type can be known based on the
ratio between the inertial force (vsp) toward the viscous
force (/L) which is defined as the Reynold number.

VD,
RezT, (1)

where V — fluid speed, m/s; D — pipe diameter, m; p — fluid
density, kg/m?; p — fluid dynamic viscosity, kg/m-s or N-s/m?.

Computational fluid dynamics is the study of fluid flow
patterns which also include fluid flow rates, pressure, mass,
discharge and other phenomena. In predicting a flow pattern,
several equations are used to set the mathematical model to
find the value of the parameters observed in the flow. And the
main purpose of the CFD is to provide a deeper understand-
ing of experimental research.

In general, the fluid flow applies the energy equation,
momentum and continuity equation.

a. Continuity Equation

ap, dpu) I(po) _
ot oJx Ay

)

b. Momentum
Momentum on x axis:

E)(pu)+a(pu2)+8(puv) _ap+ 1 (atxX+%]. 3)

o | ox dy  dy Reloxr oy

Momentum on y axis:

8(pv)+8(puv)+3(902)__ap+1(%+8tw} "

ot ox Ay dy Re | ox oy
where p — fluid density, kg/m?; ¢ - time, s; 4, v — fluid velocity
on x- and y-axis, m/s; P — pressure, N/m? Re — Reynolds
number.
Basically computational fluid dynamics replaces partial
differential equations of continuity, momentum and energy

with an algebraic equation. The equation whose origin is
continuum (has an infinite number of cells) is converted into
a discrete model (finite cell number).

In general, the stages of work are divided into 3 steps,
namely: Pre-processing, Processing, Post processing.

5. 3. Experimental study

Two-dimensional numerical simulations with transient
state conditions are carried out using software based on the
finite element method. Transient conditions are based on the
fact that in all actual conditions, all physical phenomena need
time to reach a steady or stable state. The transition from an
unstable condition to achieving a stable condition at a cer-
tain time interval is called a transient state.

The first step is to create a turbine kinetic geometry with
dimensions, as shown in Fig. 9.
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Fig. 9. Bowl bladed kinetic turbine dimension:
a— Top view; b — Side View

The second step is to make the duct geometry as shown
in Fig. 10. The geometry of a kinetic turbine installation
includes: a water flow channel with a length of 1,500 mm,
a height of 120 mm, a duct width of 350 mm, a guide
blade angle of 14.5° and a steering blade with a radius
of 175 mm.

146
14.5°
600
/ 350

1500

a

| ﬁzo

1500 l

b

Fig. 10. Water flow channel: @ — Top view; b — Side View



This water flow channel is a duct for the water flow which
will be simulated as kinetic energy to drive the hydrokinetic
turbine.

The next step is to assemble the complete unit by insert-
ing the turbine into the water flow channel (duct). As shown
in Fig. 11.

Fig. 11. Complete installation (Top View)

The next step is the meshing process. Where the meshing
system used is the automatic meshing system. Choosing the
automatic meshing system is believed to be able to produce
the desired results. This mesh system would choose the
best total cell amount. In this case, the total fluid cells are
25,700 cells (Fig. 12).

Fig. 12. Meshing

The next step is setting the Boundary Condition. The
boundary conditions are the inlet water flow parameters and
outlet parameters. For the inlet parameters, some condition
could be chosen, such as the; inlet mass flow, the inlet volume
flow or the inlet water velocity. For the inlet parameters,
firstly, choose the inlet face duct flow, next is choosing the
inlet water flow parameter, in this case the inlet volume
flow was chosen with a water flow rate of 0.05 m3/s. For the
outlet parameter the environmental pressure with a pres-
sure of 101,325 Pa was chosen and a temperature of 298.2 K
(Fig. 13).

Lastly, run the active project to execute the simulation
process. After the running execution finished, then determine
the pressure surface plot.

6. Results of the CFD simulation

From the CFD simulation result, pressure contours on
the object result based on the turbine runner angle position
could be seen. The runner angle position is divided in every
5° rotation movement, starts from 5° until 45°. Every result is
a pair of figure that represents a bowl bladed kinetic turbine
with and without a steering blade.

Pressure contours that occur in the CFD simulation on
a BBKT without a steering blade at a 5° turbine rotor posi-
tion (Fig. 14).
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245061.62
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163513.15
147203.46

130893.77
Pressure=Pa

Fig. 14. Pressure contour o.=5°, BBKT without
a steering blade

Pressure contours that occur in the CFD simulation on
a BBKT with a steering blade at a 5° turbine rotor position
(Fig. 15).

Steering Blade
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Fig. 15. Pressure contour oo.=5°, BBKT with a steering blade

Pressure contours that occur in the CFD simulation on
a BBKT without a steering blade at a 10° turbine rotor po-
sition (Fig. 16).

Pressure contours that occur in the CFD simulation on
a BBKT with a steering blade at a 10° turbine rotor position
(Fig. 17).

Inlet Volume Flow
0.05 m’/s

Environtment Pressure
101.325 Pa

Fig. 13. Hydrokinetic Turbine Boundary conditions
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Fig. 16. Pressure contour o.=10°, BBKT without
a steering blade

Steering Blade
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Fig. 17. Pressure contour o.=10°, BBKT with a steering blade

Pressure contours that occur in the CFD simulation on
a BBKT without a steering blade at a 15° turbine rotor po-
sition (Fig. 18).
Pressure contours that occur in the CFD simulation on
a BBKT with a steering blade at a 15° turbine rotor position
(Fig. 19).
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Fig. 18. Pressure contour o.=15°, BBKT without
a steering blade

Steering Blade
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Fig. 19. Pressure contour o.=15°, BBKT with a steering blade

Pressure contours that occur in the CFD simulation on
a BBKT without a steering blade at a 20° turbine rotor po-
sition (Fig. 20).
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Fig. 20. Pressure contour o.=20°, BBKT without
a steering blade

Pressure contours that occur in the CFD simulation on
a BBKT with a steering blade at a 20° turbine rotor position
(Fig. 21).
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Fig. 21. Pressure contour o.=20°, BBKT with a steering blade

Pressure contours that occur in the CFD simulation on
a BBKT without a steering blade at a 25° turbine rotor po-
sition (Fig. 22).
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Fig. 22. Pressure contour o.=25°, BBKT without
a steering blade

Pressure contours that occur in the CFD simulation on
a BBKT with a steering blade at a 25° turbine rotor position
(Fig. 23).

Pressure contours that occur in the CFD simulation on
a BBKT without a steering blade at a 30° turbine rotor po-
sition (Fig. 24).
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Fig. 24. Pressure contour oc=30°, BBKT without
a steering blade

Pressure contours that occur in the CFD simulation on
a BBKT with a steering blade at a 30° turbine rotor po-
sition (Fig. 25).

Pressure contours that occur in the CFD simulation on
a BBKT without a steering blade at a 35° turbine rotor po-
sition (Fig. 26).
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Fig. 25. Pressure contour oo=30°, BBKT with a steering blade
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Fig. 26. Pressure contour 0.=35°, BBKT without
a steering blade

Pressure contours that occur in the CFD simulation on
a BBKT with a steering blade at a 35° turbine rotor position
(Fig. 27).
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Fig. 27. Pressure contour a.=35°, BBKT with a steering blade

Pressure contours that occur in the CFD simulation on a
BBKT without a steering blade at a 40° turbine rotor posi-
tion (Fig. 28).
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Fig. 28. Pressure contour o.=40°, BBKT without
a steering blade

Pressure contours that occur in the CFD simulation on
a BBKT with a steering blade at a 40° turbine rotor position
(Fig. 29).
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Fig. 29. Pressure contour a.=40°, BBKT with a steering blade

Pressure contours that occur in the CFD simulation on
a BBKT without a steering blade at a 45° turbine rotor po-
sition (Fig. 30).

Pressure contours that occur in the CFD simulation on
a BBKT with a steering blade at a 45° turbine rotor position
(Fig. 31).
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Fig. 32. Graph of pressure comparison in area 1 between bow! bladed
kinetic turbine without steering blade and bowl! bladed kinetic turbine
with steering blade for each turbine runner angle position

From the simulation results, the pressure that occurs in
area 1—4 can be taken. The pressure in area 1—4 on every run-
ner position is then taken either in the bowl bladed kinetic
turbine (BBKT) without a steering blade or the bowl bladed
kinetic turbine with a steering blade. The water pressure
reading results can be seen in Table 2.

Table 2

Fig. 31. Pressure contour o.=45°, BBKT
with a steering blade

Total pressure area 1—4 for each runner position angle

o, ° P1, Pa Pz, Pa
From the simulation results, the pressure that occurs in 10 797754 980,465
area 1 can be taken. The pressure in area 1 on every runner
position is then taken either in the bowl bladed kinetic tur- 15 648,571 945,415
b}ne W.1th0ut asteering blade or the bowl bladed k}netlc tur- 20 622,310 891,570
bine with a steering blade. The water pressure reading results
can be seen in Table 1. 25 622,615 1,024,300
Table 1 30 662,025 1,045,420
Pressure in area 1 for each runner position angle 35 881,392 1,582,617
o, Py, Pa Py, Pa 40 962,426 2,103,936
5 237,648 2825577 45 954,633 1,433,871
10 199,183 275126.5
15 1907565 258163.6 With a is the runner position aI}gle; Py is thej pressure
between two blades on the BBKT without a steering blade;
20 182,105 258153.2 P, is the pressure between two blades on the BBKT with
25 209979.9 304845.7 a steetring blade. From the:* data in Table 2, the BBKT pres-
sure in areas 1 to area4 is expressed in graphical form to
30 249389.2 340875.4 make it easier to see the results as shown in Fig. 33.
35 3396125 5689427 From the water ﬂpw trajectolry, it was also seen that the
water flow is not leaving the turbine area. The water flow was
40 401182.8 691377.1 directed by the steering blade and giving an added push on
the rest blades as seen in Fig. 34.
45 420,039 503,161 . . . . .
From the picture in Fig. 34, one of the CFD simulation,

With a is the runner position angle; Py is the pressure
between two blades on the BBKT without a steering blade;
Py is the pressure between two blades on the BBKT with
a steering blade.

From the data in Table 1, the BBKT pressure in area 1 is
expressed in graphical form to make it easier to see the results
as shown in Fig. 32.

it can be seen that water flow after pushing the first blade,
does not directly leave the turbine straight to the turbine
discharge area. It appears that the water flow provides an
additional impetus to the next blades. This phenomenon is
expected to increase each turbine blade momentum. This
momentum addition means there is an additional turbine
torque. This additional turbine torque clearly results in
a turbine performance increase.



with a steering blade has a higher value compared
to the turbine without a steering blade. It should

be added that the pressure between blade 3 and
o blade 4 also rises. In overall the pressure between

the two blades increases.

7. 2. Pressure comparison between a turbine
with and without a steering blade on 0.=5° run-
ner position

Fig. 16 shows the water pressure distribution

between the turbine blades at o0=5° runner po-
sition in a bowl bladed kinetic turbine without
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Fig. 33. Graph of total pressure comparison in area 1 to 4 between BBKT
without steering blade and BBKT with steering blade for each turbine
runner angle position
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Fig. 34. Water flow pushing some more blades

7. Discussion of experimental results

The discussion in this section is comparing the water
pressure between blades in the bowl bladed kinetic turbine
without a steering blade and the bowl bladed kinetic turbine
with a steering blade.

7. 1. Pressure comparison between a turbine with and
without a steering blade on 0.=0° runner position

Fig. 14 shows the water pressure distribution between
the turbine blades at oo=0° runner position in a bowl bladed
kinetic turbine without a steering blade. While Fig. 15 shows
the water pressure distribution between blades; in a bowl
bladed kinetic turbine with a steering blade.

There is a pressure increase in the turbine with the
steering blade attached. This increase in pressure indicates
that there is an increase in momentum which results in
a turbine torque increase. The pressure between blades 2
and 3 in the turbine with the steering blade is 1.25e+010 Pa,
while the water pressure is 9.81e+009 Pa on the turbine
without the steering blade. So for the same blade position,
there is a pressure increase in the turbine with the steering
blade. While the lowest pressure that occurs between two
blades is between blades 5 and 6. On the turbine with the
steering blade, the pressure between the blade 5 and 6 is
4.46e+009 Pa, while the pressure on the turbine without
the steering blade in the same position is 2.07e+009 Pa.
So, the water pressure between two blades in the turbine

T a steering blade. While Fig. 17 shows the water
40 45 pressure distribution between blades in a bowl
bladed kinetic turbine with a steering blade.

For a=5° runner position, it can be seen
that the pressure between the two blades on the
turbine with a steering blade (Fig. 17) is higher
compared to the pressure on the turbine without
a steering blade (Fig. 16).

The pressure between blade 2 and blade 3 on the turbine
with a steering blade is 9.60e+009 Pa, while in the turbine
without a steering blade, the water pressure is 7.98e+009 Pa.
So for the same blade position, there is an increase in water
pressure between the blades in the turbine with the steering
blade. While the lowest pressure that occurs between two
blades is between blades 5 and 6. In the turbine with the steer-
ing blade, the pressure between blades 5 and 6 is 3.50e+008 Pa,
while the pressure on the turbine without a steering blade in
the same position is 10.00e+007 Pa. As in the runner position
a=0°, the water pressure between the two blades in the tur-
bine with the steering blade has a higher water pressure value
compared to the turbine without the steering blade.

7. 3. Pressure comparison between a turbine with and
without a steering blade on 0.=15° runner position

Fig. 18 shows the water pressure distribution between
the turbine blades at o.=5° runner position in a bowl bladed
kinetic turbine without a steering blade. While Fig. 19 shows
the water pressure distribution between blades; in a bowl
bladed kinetic turbine with a steering blade.

For the runner position with a=15°, there is also an in-
crease in water pressure between the two blades as shown in
Fig. 16 and Fig. 17. This increase in pressure indicates that
there is an increase in momentum resulting in an increase
in turbine torque. The pressure between blade 2 and blade 3
in the turbine with a steering blade is 7.20e+009 Pa, while
in the turbine without a steering blade, the water pressure
is 4.74e+009 Pa. So for the same blade position, there is
a pressure increase in the turbine with the steering blade. The
increase in pressure also occurs between blades 3 and 4 with
a maximum pressure and also an increase between blades 4
and 5. While the lowest pressure that occurs between two
blades is between blades 5 and 6. In the turbine with a steering
blade, the pressure between blades 5 and 6 is 1.94e+008 Pa,
while the pressure on the turbine without a steering blade in
the same position is 10.00e+007 Pa. So the water pressure bet-
ween the two blades in the turbine with the steering blade has
a higher value compared to the turbine without a steering blade.

7. 4. Pressure comparison between a turbine with and
without a steering blade on 0:=20° runner position

Fig. 20 shows the water pressure distribution between
the turbine blades at a runner position o.=20° for the turbine



without a steering blade. Whereas the picture in Fig. 21 is
a water pressure distribution between the blades at a runner
position o=20° for the turbine with the steering blade.

For a runner position with o=20°, there is also an increase
in water pressure between two blades as shown in Fig. 20, 21.
This increase in pressure indicates that there is an increase
in momentum resulting in an increase in turbine torque. The
pressure between blades 2 and 3 on the turbine with a steering
blade is above 4.92e+009 Pa, whereas in the turbine without a
steering blade the value of the water pressure is 3.89e+009 Pa.
So for the same blade position, there is a pressure increase in
the turbine with a steering blade. The increase in pressure
also occurs between blades 3 and 4 and also between blades 4
and 5 with a maximum pressure. While the lowest pressure
that occurs between the two blades is between blades 5 and 6.
In the turbine with a steering blade, the pressure between
blades 5 and 6 is 1.33e+008 Pa, while the pressure on the
turbine without a steering blade in the same position is
10.00e+007 Pa. So the water pressure between the two blades
in the turbine with the steering blade has a higher value com-
pared to the turbine without the steering blade.

7. 3. Pressure comparison between a turbine with and
without a steering blade on 0:=25° runner position

Fig. 22 shows the water pressure distribution between
the turbine blades at a runner position o.=25° for the turbine
without the steering blade. Whereas the picture in Fig. 23 is
a water pressure distribution between the blades at a runner
position oe=25° for the turbine with a steering blade.

For the runner position with a=25°, there is also an in-
crease in water pressure between the two blades as shown in
Fig. 22 and Fig. 23. This increase in pressure indicates that
there is an increase in momentum which results in an increase
in turbine torque. The pressure between blades 2 and 3 in the
turbine with the steering blade is above 4.92e+009 Pa, while in
the turbine without the steering blade the value of the water
pressure is 4.28e+009 Pa. So for the same blade position, there
is a pressure increase in the turbine with the steering blade.
The increase in pressure also occurs between blades 3 and 4
and also between blades 4 and 5 with a maximum pressure.
While the lowest pressure that occurs between two blades is
between blades 5 and 6. In the turbine with the steering blade,
the pressure between blades 5 and 6 is 1.83e+008 Pa, while the
pressure on the turbine without the steering blade in the same
position is 10.00e+007 Pa. So the water pressure between the
two blades in the turbine with the steering blade has a higher
value compared to the turbine without the steering blade.

7. 6. Pressure comparison between a turbine with and
without a steering blade on 0:=30° runner position

Fig. 24 shows the water pressure distribution between
the turbine blades at the runner position a=30° for the
turbine without the steering blade. Whereas the picture in
Fig. 25 is a water pressure distribution between the blades
at the runner position a=30° for the bowl bladed kinetic
turbine with the steering blade.

For the runner position with a=30°, there is also an in-
crease in water pressure between the two blades as shown in
Fig. 24, 25. This increase in pressure indicates that there is an
increase in momentum which results in an increase in turbine
torque. The pressure between blades 2 and 3 in the turbine
with the steering blade is above 7.89e+009 Pa, while in the
turbine without the steering blade the water pressure value is
6.23e+009 Pa. So for the same blade position, there is a pres-

sure increase in the turbine with the steering blade. The in-
crease in pressure also occurs between blades 3 and 4 and also
between blades 4 and 5 with a maximum pressure. While the
lowest pressure that occurs between two blades is between
blades 5 and 6. In the turbine with the steering blade, the
pressure between blades 5 and 6 is 1.20e+008 Pa, while the
pressure on the turbine without the steering blade in the same
position is 10.00e+007 Pa. So the water pressure between the
two blades in the turbine with the steering blade has a higher
value compared to the turbine without the steering blade.

7.7. Pressure comparison between a turbine with and
without a steering blade on 0.=35° runner position

Fig. 26 shows the water pressure distribution between
the turbine blades at the runner position o=35° for the tur-
bine without a steering blade. Whereas the picture in Fig. 27
is a water pressure distribution between the blades at the
runner position a=35° for the bowl bladed kinetic turbine
with a steering blade.

For the runner position with o=35°, there is also an in-
crease in water pressure between the two blades as shown in
Fig. 26, 27. This increase in pressure indicates that there is an
increase in momentum which results in an increase in turbine
torque. The pressure between blades 2 and 3 in the turbine with
the steering blade is above 9.00e+009 Pa, while in the turbine
without the steering blade the value of the water pressure is
6.94e+009 Pa. So for the same blade position, there is a pressure
increase in the turbine with the steering blade. The increase
in pressure also occurs between blades 3 and 4 with maximum
pressure and also a rise in pressure between blades 4 and 5.
While the lowest pressure that occurs between the two blades
is between blades 5 and 6. In the turbine with the steering blade,
the pressure between blades 5 and 6 is 1.58+008 Pa, while the
pressure on the turbine without the steering blade in the same
position is 10.00e+007 Pa. So the water pressure between the
two blades in the turbine with the steering blade has a higher
value compared to the turbine without the steering blade.

7. 8. Pressure comparison between a turbine with and
without a steering blade on 0:=40° runner position

Fig. 28 shows the water pressure distribution between
the turbine blades at the runner position o=40° for the
turbine without the steering blade. Whereas the picture in
Fig. 29 is a water pressure distribution between the blades
at the runner position a=40° for the bowl bladed kinetic
turbine with the steering blade.

For the runner position with a=40°, there is also an in-
crease in water pressure between the two blades as shown in
Fig. 28, 29. This increase in pressure indicates that there is an
increase in momentum which results in an increase in turbine
torque. The pressure between blades 2 and 3 in the turbine
with the steering blade is above 9.00e+009 Pa, whereas in the
turbine without the steering blade the water pressure value is
6.94e+009 Pa. So, for the same blade position, there is a pressure
increase in the turbine with the steering blade. The increase in
pressure also occurs between blades 3 and 4 with a maximum
pressure and also a rise in pressure between blades 4 and 5.
While the lowest pressure that occurs between the two blades
is between blades 5 and 6. In the turbine with the steering blade,
the pressure between blades 5 and 6 is 1.58+008 Pa, while the
pressure on the turbine without the steering blade in the same
position is 10.00e+007 Pa. So the water pressure between the
two blades in the turbine with the steering blade has a higher
value compared to the turbine without the steering blade.



7.9. Pressure comparison between a turbine with and
without a steering blade on 0.=45° runner position

Fig. 30 shows the water pressure distribution between
the turbine blades at the runner position a=45° for the
turbine without the steering blade. Whereas the picture in
Fig. 31 is a water pressure distribution between the blades
at the runner position a=45° for the bowl bladed kinetic
turbine with the steering blade.

For the runner position with a=45°, there is also an
increase in water pressure between the two blades as shown
in Fig. 30, 31. This increase in pressure indicates that there
is an increase in momentum which results in an increase in
turbine torque. The pressure between blades 2 and 3 in the
turbine with a steering blade is above 1.56e+010 Pa, while
in the turbine without a steering blade, the water pressure
is 1.23e+010 Pa. So for the same blade position, there is
a pressure increase in the turbine with the steering blade.
The increase in pressure also occurs between blades 3 and 4
with maximum pressure and also a rise in pressure between
blades 4 and 5. While the lowest pressure that occurs bet-
ween the two blades is between blades 5 and 6. In the tur-
bine with a steering blade, the pressure between blades 5
and 6 is 9.63e+008 Pa, while the pressure on the turbine with-
out the steering blade in the same position is 10.00e+007 Pa.
So, the water pressure between the two blades in the turbine

with the steering blade has a higher value compared to the
turbine without the steering blade.

8. Conclusions

1. In general, there is an increase in the performance of
the bowl bladed kinetic turbine added with a steering blade.
As is known, the increase in pressure on the surface of the
blade will increase the blade thrust per unit area. This in-
crease in thrust (F) will increase momentum, which means
there is an increase in turbine performance. Every water pres-
sure (Pa) would result in a specific energy per volume (J/m?).

2. It can be seen that the water pressure that occurs on
the BBKT with a steering blade is always higher compared to
the pressure occurred on the BBKT without a steering blade.

3. The overall thrust force in the turbine is the sum of the
thrust force in each blade. By reviewing the total thrust on the
four turbine blades, it can be seen that the overall thrust of the
BBKT with a steering blade is always higher than the overall
trust in the BBKT without a steering blade. This condition
always occurred on every turbine runner angle position.

4. From the results of the pressure seen in the contour re-
sult from the simulation, there are at least three figures which
get a pressure above 250,000 Pa.
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IIpoananizoeano ocob6ausocmi QPynkuionyeanns eaexmponpueooa
3anipnoi apmamypu. Bcmanoeneno, wo npueod zanipnoi apmamypu, pea-
nizoeanuii Ha 0a3i ACUHXPOHHUX 0BUYHIB, XAPAKMEPUSYEMLCA HUSLKONO
enepzoeexmuenicmio. /ns uinecnpamosanozo noNINueHHs eHepzemur-
HUX NOKA3HUKIE eeKmponpusody po3poodieno memoo OuiHKY eHepeemuuHoi
epexmusnocmi mooyas apmamypu. Heooxionicmo po3pooxu memooa euxiu-
Kana mum, wo OuiHKU eHepzoedexmuenocmi, 3acHo8aHi Ha MIHCHAPOOHUX
cmandapmax, cnpageousi 01 CMaiux pejicumis pooomu, 3a ymosu Hexmy-
BAHHSA MACOM nepexioHux npouecie.

Ha 6iominy 6i0 mpaoduuiiinux munie npueoodie, npueod 3anipnoi
apmamypu xapaxmepusyemvcsa HULKUMU WEUOKOCMAMU 00epmanms.
Buxopucmanns mexanivnux peoyxmopie He 00360J€ iCMOMHO FHUIUMU
weudKicmo npueoody, momy 00600UNMLC 30UCHIOBAMU IMNYIbCHE KePYEa-
Hs 08u2yHOM abo nepexodumu na GespedyKmopHuii npueoo.

Egpexmusnicmv anvmeprnamusnux munie 06uzynie ouiHIOemvCs 3a 00n0-
MO2010 3aNPONOHOBANH020 Memo0a, AKUU 6A3yEMbCa HA MO0eH08AHHT NPo-
yecy nosuyionyeanns 3anipnoi apmamypu. Tpackmopia nepemiwenns gop-
MYemovCs 6i0n06i0HO 00 Kepyrouux iMnyascie, axki no0arOmMvCs HA 00MOMKU
deuzyna, wo 6x00uns 00 CKAA0Y MeXAMPOHHOZ0 MOOYJIA.

Anpobauis memoody npoeedena 6i0nogiono 00 nACNOPMHUX OAHUX ACUH-
xponnozo deuzyna muny AIP56A4, nomysxcnicmio 120 Bm, wio 6xooumv 0o
CK1a0Y 00HO0GOPOMHO20 MEXAMPOHIHO20 MOOYJIS, MA GUNYCKAEMbCS Cepili-
Ho. [{na nopienannsa enepeemuunux noxasnuxie oépano 3-x gasmuilt cumn-
XPOHHUIL 08UZYH 3 POMOPOM, WO KOMUNMBCS, Y AK020 NAPAMemPU 00MOMKU
cmamopa ananoziuni napamempam oomomxu deuzyrna AIP56A.

Hopienannsa ouinox enepzemuunoi epexmueHocmi noxaszano nepeeazy
i nepcnexmuenicmo euxopucmanis 6e3peoyKmopHUX CUHXPOHHUX 08UYHIE
6 npueodi zanipnoi apmamypu.

Pospobaeni modeni dozeonstomv docniddcyeamu i onmumizyeamu
Xapaxmepucmuxu eaexmponpueody Ha 6asi 0euzymie, wo 00CAIOHCYIOMbCS,
a maxooic hopmymosamu 6uUMo2u 00 KOHCMPYKMUBCHO-MEXHOJI02MHUX napa-
Mempis 06uzyHa HA OCHOBI 00EPICYEAHUX OUIHOK eHepzoedexmueHocmi.

3anpononosana Memoouxa OuiHku eHepzoeexmueHOCMi € 0CHO6010
o peanizauii Komniaexcy mexnHiMHux 3acoéie, wio 3abesneuyiomo OuiH-
KY enepzoedexmuenocmi npueody 6 pPeaivHUX NPOMUCLOBUX YMOBAX, NPU
BUKOHANHI KOHKPemHOi mexHon0ziunoi 3adavi

Kmouosi crosa: acunxponnuil 0euzyn, 6e3pedyxmophuii eiexmponpu-
600, enepzoeexmusHicms MOOYAS 3ANIPHOT apmamypu, CUHXPOHHUIL peark-
muenuil 0euzyn
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varies over a wide range, is usually achieved as a result of the

search for the optimum.

The operational characteristics of stop valves (SV) de-
pend on the type of actuator used. The requirements that
are imposed on the SV drive in alternating load cycles are
contradictory. A compromise between the minimum response
time of the valves and the need to keep the load torque, which

The widespread use of pneumatic actuators for the SV
in various industries was based on the idea of insufficient
dynamics of the SV drive. Expansion of the nomenclature
and required ranges of developed power of commercially
available types of electric motors made it possible to solve



