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Tiopoenexmpocmanuii € o0nicio 3 popm nonososanux oxcepen enepeii,
wo nadxodumv 3 npomounoi 600u. Typoina euxopucmosyemvcs 01 3anyc-
KY 2eHepamopa i nepemeopenns mexaniunoi enepeii 6 enexmpuuny. Koneco
myp6inu posmawmosane écepeduni xopnycy mypoinu i o6epmae npueionui
ean. O0niero 3 naibinbLw nowupenux mypoin € mypoina nonepeunozo nomo-
xy. Ha xapaxmep nomoxy 600u, wo npomixkae uepe3 nOpoOHCHUHY POMO-
pa mypoinu nonepeunozo nomoxy, 6NAUCAE KilbKiCmb AKMUGHUX Jloname
pomopa, 00 saxi 6'emvca 600a 3 connia mypéinu. Beascanocs, wo 6iominnicmo
6 xapaxmepi nomoxy noe 's3amne 3 610MiHHOCMAMU 8 NPOOYKMUSHOCHL MPbLOX
Modenel mypoin. Bizyanizauii nomoxy 600u, w0 npoxooums uepes nopoic-
Huny pomopa myp6iHu nonepeunozo nomoxy, OyAu 63ami 3 eKcnepume-
ManvHozo 00CHi0NHCEHHA POGOUX XaAPAKMEPUCUK MPbOX Modened mypoi-
HU NONnepeuH020 NOMOKY, PO3PAX06AHUX HA OOHI i Mi JHC 3HAUEHHS GUMPaAmu,
diamempie pomopa i weuodxocmei obepmanns, aie KoxcHa modeao mypoi-
HU MA€ Pi3Hi 3HAUEHHS Wwupunu pomopa i oyeu 6xody conaa. lllupuna conna
i pomopa po3spaxosana sx Qynxuyis oyeu 6xody conna, Momy wum MeHuie
wupuna napu pomopa i conna, mum Ginvuwe oyza 6xo0y conna i HAGNAKU.
Bizyanizayii nomoxy 600u, wo npoxodumv uwepe3 mypoiny, 6yau eusueni a
00n0M02010 NOpoNCHUHU MYpOiHu nonepeunozo nomoxy. Tpu modeni Gynu
eunpodysani 3 00HAKOBUM HANOPOM i 3 0OHAKOBUM BUMPAMOI0 HA WEUOKO-
cmi 50, 100, 150, 250, 300 i 500 06/x6. Byau 3po6aeni 3uimxu 600u, wo nPo-
X00ums uepe3 nOPoONCHUHY POMOPie Modeni mypoinu, 0N 6UIHAUEHHS YMO8
nomoxy, i 6yna pospaxosana eexmusnicmo mooeneli 01 6i000paNcenns
npodyxmuenocmi mypoinu. 3o6pascenns 3pooaeni 6 mexcax 10 cm i napa-
Jaeavio mypoini. Modeai myp6inu nonepeunozo nomoxy 0yau cnpoexmosani
3 diamempom pomopa no 197 mm Kodxcen i 6ioHOweHHAM diamempa pomopa
00 dosocunu pomopa 1:2. O0na cmopona KoxcH0z20 Mopue6oz0 OuUcka mooeni
mypoinu 6yaa 3poéaena 3 npozopozo mamepiany Ilepcnexc, wo nonezuy-
8410 00CTOHUKY CNOCMEPENCEHH 3A PEHCUMOM NOMOKY 600U Nid 4AC NPo-
miKanus écepeduny pomopa. Ymoeu nomoxy 600u, wij0 npoxooums uepes
noposcnuny mypoinnux xoaic, 6yau cpomozpadosani 3a 00nomo2010 Kame-
pu Hixon, ocnawenoi zanozenosoto namnoro nomyxicuicmio 1000 Bm oas
Qixcauii pisnuui 6 xapaxmepi nomoxy mizxne mpvoma modeasmu mypoinu.
Hyeu 6x00y conna, wo 6uKopucmosyomvcs 6 0AHOMY eKCnepumMeHmasv-
Homy docaioxncenni, cmanosuau 75°, 90° i 120°. Kpim moezo, conno xosictoi
Modei Mae 00HAK08Y NIOWY NONEPeuHo20 nepepisy, a KPUmKa mae paoiyc
Kpueu3Hu, uenmposanuili no oci éana. O4ikyeanocs, wo maxa Kpueusna
KPUmWKYU COnna 3mozce 00Cmasasimu 600y 6 Kpauwomy HAnpsamKy, a maxoxic
6 pedcumi ii nomoxy, xoau 600a Hadxo0umv 6 pomop mypoinu. Beaununa
Odyzu 6x00Yy CONAA BU3HAYAE KINbKICMb AKmuenux aonamei, 00 axi 6'emocs
cmpymine 600u, wo euxodums 3 conaa. Ili ymosu ennuearomo na xapmuny
nomMoKy 600U 6 MOMEHM NPOXOOIHCEHHS UePe3 NOPOICHURY KoleCa mypoinu.
Ilepedbananocs, wo danuii pejxcum nomoxy 6naueae Ha podoui xapaxmepu-
cmuxu mypoinu nonepeurozo nomoxy

Kmouosi canoga: dyza 6xody conna, pejxcum nomoxy, poéoui xapaxmepu-
cmuku mypoinu nonepeuozo nomoxy
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1. Introduction

The pattern of water jet flowing throughout the empty
space of the runner of the cross-flow turbine is influenced
by the number of active runner blades pounded by water
from the turbine nozzle. The numbers of active blades are
determined by how large the nozzle entry arc of the cross-
flow turbine, the larger nozzle entry arc resulted in the
greater number of active blades [1—3]. The visualizations of
the flow of water passing through the empty space of three
cross-flow turbine models were being photographed at the
time of experimental research to investigate the performance
characteristics of the turbine models where each model is
designed for the same flow rate, the same runner diameter

and the same rotational speed [2—6]. However, each model
has different runner widths and different nozzle entry arcs.
In addition, the width of the runner is a function of nozzle
entry arc. The first model had a 75° nozzle entry arc, the sec-
ond model had a nozzle entry arc of 90° and the third model
had a 120° nozzle entry arc. In addition, since the nozzle
entry arcs determine the number of passages built by the
runner blade, the larger nozzle entry arc the more passages
burted by water jets exit from the turbine nozzle [7-9]. The
difference in the flow patterns was believed having a relation
to the performance differences of the three turbine models.
Runners should be formed accordingly so that changes occur
in the momentum on the working fluid of the water. The
turbine consists of a cylindrical water wheel or runner with




a horizontal shaft, composed of numerous blades, arranged
radially and tangentially. This cross-flow turbine has an
upright flow direction straight with the turbine axis (radial).
The turbine has a pointing device called the nozzle so that
the free gap with blades around the wheel. Visualization of
the turbine cross-flow runner is needed to analyze the per-
formance of the turbine.

2. Literature review and problem statement

A cross-flow water turbine is made, the generator energy
source comes from water energy (potential energy and ki-
netic energy). The potential energy of water changes to the
kinetic energy of water, then the kinetic energy of this water
is converted by water turbines into mechanical energy (ro-
tation of the turbine shaft) [1-7]. Cross-flow water turbines
are usually a type of radial impulse water turbine. The flow
of water enters the turbine through a nozzle with a rectangu-
lar cross-section. The flow passes through the turbine blade
with twice relative direction perpendicular to the turbine
shaft. In this case, there is no axial direction flow, so there
are no forces acting in the direction of the turbine shaft. The
rotation of the turbine shaft is converted by a generator into
electrical energy (electrical energy). Cross-flow turbines
as drivers are chosen because the construction is simple
and easy to apply [4, 5]. This study uses a vertical shaft
cross-flow turbine, a blade shaped blade, and turbines are
arranged in two levels in order to capture more flow in order
to increase the rotational power produced. The purpose of
this study is the realization of a cross-flow turbine design
that efficiently captures water energy, producing optimal
power [9—11]. The numbers of active blades are determined
by how large the nozzle entry arc of the cross-flow turbine,
the larger nozzle entry arc resulted in the greater number of
active blades [9—12]. The visualizations of the flow of water
passing through the empty space of three cross-flow turbine
models were being photographed at the time of experimental
research to investigate the performance characteristics of
the turbine models where each model is designed for the
same flow rate, the same runner diameter and the same ro-
tational speed [13, 14]. The nozzle entry arcs determine the
number of passages built by the runner blade, the larger noz-
zle entry arc the more passages burted by water jets exit from
the turbine nozzle. The visualizations of the flow of water
passing through the empty space of three cross-flow turbine
models were being photographed at the time of experimental
research [15-17].

Therefore, the perspective of the study is to investigate
the performance characteristics of the turbine models where
each model is designed for the same flow rate, the same run-
ner diameter and the same rotational speed. The difference
in the flow patterns was believed having a relation to the
performance differences of the three turbine models.

3. The aim and objectives of the study

The aim of the study is to investigate the performance
characteristics of the turbine models where each model is
designed for the same flow rate, the same runner diameter
and the same rotational speed.

To achieve this aim, the following objectives are accom-

plished:

— the visualization of the flow of water passing through
the empty space of three cross-flow turbine models;

— to design the flow rate of turbine models;

— to design the runner diameter of turbine models;

— to design the rotational speed.

4. Material, methods and model of research

The flow visualizations of water passing on the turbine
were studied using the empty space of the cross-flow turbine.
The three models were tested on the same head and the same
flow rate at the speed of 50, 100, 150, 250, 300 and 500 rpm.

Fig. 1. Experimental set-up: 1 — Turbine; 2 — SLR camera

Fig. 1 shows the experimental set-up. The photos of wa-
ter flowing through the empty space in the turbine model
runners were taken to find out the conditions of flow and
the efficiency of the models was calculated to show the per-
formance of the turbine. Images are taken within 10 cm and
parallel to the turbine. The cross-flow turbine models were
designed with 197 mm runner diameter of each and have the
ratio of runner diameter to runner length of 1:2. One side
of each turbine model end disk was made from transparent
media named perspex facilitating the researcher to observe
the water flow condition during flowing through inside the
runner. The conditions of the flow of water passing through
the empty space of turbine wheels were photographed using
a Nikon camera equipped with a hallogen lamp having a
power of 1000 watts to capture the difference of flow pattern
among the three turbine models. The flow conditions and
the efficiency of the turbines gathered are used for material
discussions.

5. Research results of performance characteristics
of three cross-flow turbine models using nozzle roof
curvature radius centered on shaft axis designed on the
same flow rate, runner diameter and rotational speed

5. 1. Visualization of water flowing through empty
space inside of turbine runner and efficiency of the mod-
els tested at 50 rpm

The photographs show a visualization of the trace of
water flowing through inside of the turbine models with the
entry arc of 0=75°,0=90° dan 6=120° at the rotational speed
of 50 rpm.

The photos of Fig. 2 show the jet of water, leaving the
halls of the first stage turbine blade, spread and bump
into each other, then hit the shaft during flow through the
turbine wheel blank space before reaching the halls of the
second stage turbine blade.

The collision that resulted in hydraulic losses of water
jet and changes in the direction of the water jet when it
enters the halls of the second stage turbine blade, and such
conditions are predictable reduces the efficiency of the tur-
bine. Turbine efficiency is the ratio of the horsepower of the
turbine shaft and water entering the turbine runner. Based



on the photographs in Fig. 1 it can be stated that the steady
stream of water, leaving the outer side of the turbine wheel
with the nozzle that has a 120-degree entry arc spreads larg-
er than the steady stream of water, leaving the outer side of
the turbine wheel with the nozzle that has a 90 degree entry
arc. Fig. 1 also shows the photographs of the steady stream
of water, leaving the outskirt of the turbine wheel with the
nozzle that has a 90 degree entry arc deploys larger than the
steady stream of water, leaving the outer side of the turbine
wheel with the nozzle that has an entry arc of 75°. Each run-
ner has 16 blades, for the same water flow rate, the runner
which has the larger nozzle entry arc has more active blade
numbers pounded by the jets of water.
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Fig. 2. Efficiency Vs Nozzle entry arc at
the rotational speed of 50 rpm

The sizes of the nozzle entry arc, the number of ac-
tive blade passages, the collisions of water jets passing
through within the empty spaces inside the turbine wheels
and the stream pattern of water leaving the outskirts of
the turbine wheels are predicted influencing the turbine
efficiencies [10—17]. More collisions of water jets within
the empty space inside the wheels create more hydraulic
losses and reduce the tangential force component exerted
to the runner, and consequently, these conditions lower
the shaft power and efficiency of the turbines [16, 18, 19].
The efficiency of the turbines in this experimental study is
60 percent for the turbine with 75° entry arc, 58 percent
for the turbine with 90° entry arc and 22 percent for the
turbine with 120° entry arc.

5. 2. Visualization of water flowing through empty
space inside of turbine runner and efficiency of the mod-
els tested at 100 rpm

The photographs of the figure show a visualization of the
trace of water flowing through inside of the turbine models
with the entry arc of 0=75°,0=90° and 6=120° at a rotational
speed of 100 rpm.

The photos of Fig. 3 also show the jet of water, leaving
the halls of the first stage turbine blade, spread and bump
into each other, then hit the shaft during flow through the
turbine wheel blank space before reaching the halls of the
second stage turbine blade. The collision that resulted in
hydraulic losses of water jet and changes in the direction
of the water jet when it enters the halls of the second stage
turbine blade, and such conditions are predictable reduces
the efficiency [20—22].
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Fig. 3. Efficiency Vs Nozzle entry arc at
the rotational speed of 100 rpm

The photographs of the figure show a visualization of the
trace of water flowing through inside of the turbine models
with the entry arc of 0=75°,0=90° and 6=120° at a rotational
speed of 100 rpm.

The photos of Fig. 3 also show the jet of water, leaving
the halls of the first stage turbine blade, spread and bump
into each other, then hit the shaft during flow through the
turbine wheel blank space before reaching the halls of the
second stage turbine blade. The collision that resulted in
hydraulic losses of water jet and changes in the direction of
the water jet when it enters the halls of the second stage tur-
bine blade, and such conditions are predictable reduces the
efficiency [20—22]. Based on the photographs in Fig. 2 it can
be stated that the steady stream of water, leaving the tur-
bine outer side with a 120° entry arc, spreads larger than the
steady stream of water leaving the turbine outer side with a
90° entry arc nozzle. Fig. 2 also shows the photographs of the
steady stream of water, leaving the outskirt of the turbine
wheel with the nozzle that has a 90 degree entry arc deploys
larger than the steady stream of water, leaving the outer side
of the turbine wheel with the nozzle that has an entry arc of
75 degrees.

The efficiency of the turbines in this experimental study
is 82 percent for the turbine with a 75 degree entry arc,
88 percent for the turbine with a 90 degree entry arc and
30 percent for the turbine with a 120 degree entry arc.

3. 3. Visualization of water flowing through empty
space inside of turbine runner and efficiency of the mod-
els tested at 150 rpm

Fig. 4 is well equipped with the photographs showing a
visualization of the trace of water flowing through inside
of the turbine models for the entry arc of 6=75°,6=90° dan
0=120".

The photos of Fig. 4 show the jet of water leaving the
halls of the first stage turbine blade, spread and bump into
each other, then some of this water hit the shaft during flow
through the turbine wheel blank space before reaching the
halls of the second stage turbine blade [23-25].

Fig. 4 is well equipped with the photographs showing a
visualization of the trace of water flowing through inside
of the turbine models for the entry arc of 0=75°,0=90° dan
6=120".

The photos of Fig. 4 show the jet of water leaving the
halls of the first stage turbine blade, spread and bump into



each other, then some of this water hit the shaft during
flow through the turbine wheel blank space before reaching
the halls of the second stage turbine blade [23-25]. The
collision that resulted in hydraulic losses of water jet and
changes in the direction of the water jet when it enters the
halls of the second stage turbine blade, and such conditions
are predictable reduces the efficiency [26—28]. Based on the
photographs in Fig. 3 it can be stated that the steady stream
of water, leaving the turbine outer side with a 120° entry
arc, spreads larger than the steady stream of water leaving
the turbine outer side with a 90° entry arc nozzle. Fig. 3 also
shows the photographs of the steady stream of water, leaving
the outskirt of the turbine wheel with the nozzle that has a
90 degree entry arc deploys larger than the steady stream of
water, leaving the outer side of the turbine wheel with the
nozzle that has an entry arc of 75 degrees.
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Fig. 4. Efficiency Vs Nozzle entry arc at
the rotational speed of 150 rpm

The efficiency of the turbines in this experimental study
is 88 percent for the turbine with a 75 degree entry arc,
83 percent for the turbine with a 90 degree entry arc and
56 percent for the turbine with a 120 degree entry arc.

3. 4. Visualization of water flowing through empty
space inside of turbine runner and efficiency of the mod-
els tested at 250 rpm

Fig. 5 is well equipped with the photographs showing a
visualization of the trace of water flowing through inside
of the turbine models for the entry arc of 6=75°,6=90° dan
0=120".

Fig.5 shows the relation of nozzle entry arc versus
efficiency equipped with the photograph of the water jets
condition inside the turbine wheels when the turbine runs at
250 rpm. The jets of water, leaving the halls of the first stage
turbine blade do not hit the shaft during flow through the
turbine wheel blank space before reaching the halls of the
second stage turbine blade. All the jets of water come into
the halls of the first stage and strike the blades of the first
stage, then pass through the empty space and hit the blades
of the second stage and finally the water leaves the runner.

Fig. 5 is well equipped with the photographs showing a
visualization of the trace of water flowing through inside
of the turbine models for the entry arc of 6=75°,0=90° dan
0=120".

Fig. 5 shows the relation of nozzle entry arc versus
efficiency equipped with the photograph of the water
jets condition inside the turbine wheels when the turbine

runs at 250 rpm. The jets of water, leaving the halls of the
first stage turbine blade do not hit the shaft during flow
through the turbine wheel blank space before reaching
the halls of the second stage turbine blade. All the jets of
water come into the halls of the first stage and strike the
blades of the first stage, then pass through the empty space
and hit the blades of the second stage and finally the water
leaves the runner.
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Fig. 5. Efficiency Vs Nozzle entry arc at
the rotational speed of 250 rpm

All the jets of water that goes into the blade halls on the
first stage after hitting the blades of the first stage, next
passes through the empty space, then hit the second stage
blades and finally the water leaves the runner. There are
small collisions in the empty space that resulted in small
hydraulic losses of water jet and little changes in the direc-
tion of the water jet when it enters the halls of the second
stage turbine blade, and such conditions are predictable
fix the efficiency of the turbine. Based on the photographs
in Fig. 5 it can be stated that the angle of spreading of the
streams of water, leaving the outer rim of the runner with
the nozzle having the entry arc of 120 degrees is larger
compared to the spreading angle of the flow of water leav-
ing the outer rim of the runner with the nozzle having the
entry arc of 90 degrees. Fig. 4 also shows the photographs
of the steady stream of water, leaving the outskirt of the
turbine wheel with the nozzle that has a 90 degree entry arc
deploys larger than the steady stream of water, leaving the
outer side of the turbine wheel with the nozzle that has an
entry arc of 75 degrees.

The efficiency of the turbines in this experimental study
is 82 percent for the turbine with a 75 degree entry arc,
82 percent for the turbine with a 90 degree entry arc and
70 percent for the turbine with a 120 degree entry arc.

3. 5. Visualization of water flowing through empty
space inside of turbine runner and efficiency of the mod-
els tested at 300 rpm

Fig. 6 is well equipped with the photographs showing a
visualization of the trace of water flowing through inside
of the turbine models for the entry arc of 6=75°,0=90° dan
0=120".

The photos of Fig. 6 show the jet of water, leaving the
halls of the first stage turbine blade not hitting the shaft and
at the position far from the shaft during flow through the
inside turbine wheel blank space before reaching the halls of
the second stage turbine blade.
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Fig. 6. Efficiency Vs Nozzle entry arc at
the rotational speed of 300 rpm

There is a small collision that resulted small in hydrau-
lic losses of water jet and little changes in the direction of
the water jet when it enters the halls of the second stage
turbine blade, and such conditions are predictable improve
the efficiency of the turbine. Based on the photographs in
Fig. 6 it can be stated that the steady stream of water, leav-
ing the outer side of the turbine wheel with the nozzle that
has a 120-degree entry arc spreads larger than the steady
stream of water, leaving the outer side of the turbine wheel
with the nozzle that has a 90 degree entry arc. Based on the
photographs in Fig. 6 it can be stated that the steady stream
of water, leaving the turbine outer side with a 90° entry arc,
spreads larger than the steady stream of water leaving the
turbine outer side with a 75° entry arc nozzle. The water jets
flowing inside the runner with a 120 degree entry arc are
more in irregular condition than that of water jets flowing
inside the runner with a 90 and 75 degree entry arcs. And
the patterns of water jets flowing inside the runner with a
75 degree entry arc are more in irregular conditions than
that of water jets flowing inside the runner with a 90 degree
entry arc. Therefore, the flow pattern of water jets inside the
runner entering the blade passages of the second stage of the
model with a 90 degree entry arc is the best compared to
the flow pattern of water jets inside the runner entering the
blade passages of the second stage of the model with a 90 and
75 degree entry arcs.

The efficiency of the turbines in this experimental study
is 80 percent for the turbine with a 75° entry arc, 86 percent
for the turbine with a 90° entry arc and 78 percent for the
turbine with a 120° entry arc.

5. 6. Visualization of water flowing through empty
space inside of turbine runner and efficiency of the mod-
els tested at 500 rpm

Fig. 7 is well equipped with the photographs showing a
visualization of the trace of water flowing through inside
of the turbine models for the entry arc of 0=75°,6=90° and
0=120".

Fig. 7 is well equipped with the photographs showing a
visualization of the trace of water flowing through inside
of the turbine models for the entry arc of 6=75°,6=90° and
0=120".

Based on the photographs in Fig. 7 it can be stated that
the steady stream of water, leaving the turbine outer side
with a 90° entry arc, spreads larger than the steady stream
of water leaving the turbine outer side with a 90° entry arc

nozzle. There are still small collisions that resulted small in
hydraulic losses of water jet and little changes in the direc-
tion of the water jet when it enters the halls of the second
stage turbine blade, and such conditions are still resulting in
the considerable efficiency of the turbine. It is important to
note that when the turbine rotates at 500 rpm, not all water
jets after hitting the blades of the first stage flow through the
empty space of the turbine wheel, where some jets of water
after hitting the blades of the first stage directly leave the
wheel. So these jets of water leave the runner without hitting
the blades of the second stage and as a result the water does
not contribute to an increase in the shaft power by convert-
ing its kinetic energy into mechanical energy [29-31]. In
addition, the figure shows that the water jet flowing through
the empty space of the model with a nozzle entry arc of 120°
is thinner than the water jet flowing through the empty
space of the model with a nozzle entry arc of 90° and the
water jet flowing through the empty space of the model with
anozzle entry arc of 90° is thinner than the water jet flowing
through the empty space of the model with a nozzle entry arc
of 75°. The thickness of water jets flowing through the empty
space combined with the width of the runner indicates the
amount of water through the empty space, the bigger nozzle
entry arc the smaller jets of water striking the active blade
of the second stage [32—34]. Further, it can be stated that
the amount of water jets flowing through the empty space
and then strike the blades of the second stage results in a
tangential force [35-37].
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Fig. 7. Efficiency Vs Nozzle entry arc at
the rotational speed of 500 rpm

Furthermore, based on the photographs in Fig. 7 it can be
stated that the steady stream of water leaving the outer side
of the turbine wheel with the nozzle that has a 120-degree
entry arc spreads in a larger jets area than the steady stream
of water leaving the outer rim of the turbine runner having a
90 degree entry arc. Fig. 6 also shows the photographs of the
steady stream water, leaving the turbine outer side with a
90° entry arc, deploys larger than the steady stream of water
leaving the turbine outer side with a 75° entry arc nozzle.

This study shows that when the model runs at 500 rpm,
the nozzle entry arcs influence the pattern of water flow
passing through the runner and finally determine the ef-
ficiency of the turbine. The efficiency of the turbines in
this experimental study is 80 percent for the turbine with
a 75 degree entry arc, 78 percent for the turbine with a
90 degree entry arc and 68 percent for the turbine with a
120 degree entry arc.



6. Discussion of the flow visualization of water jet passing
through the empty space of cross-flow turbine runner

The findings of this study are the relationship between
the turbine rotation, flow conditions and cross-flow turbine
efficiency. The relationship between these cross-flow turbine
parameters will be the basis for making decisions to deter-
mine optimal turbine operating parameters.

Rotation of a turbine is an important parameter in the
operation of a micro-hydro power plant, a power plant using
a turbine with rotational speed, lower than the rotational
speed of the generator system must then be equipped with
a speed increase connecting the turbine to the generator so
that the generator operated at normal rotation. In addition,
the lower turbine rotation the higher speed ratio of speed
increase needed or, on the other hand, the higher turbine ro-
tation the lower speed ratio of speed increase equipped with
a micro-hydro power plant

The results of the experimental study indicate that the
efficiency of the cross-flow turbine is influenced by both the
nozzle entry arc and the rotational speed of the runner. The
magnitude of the nozzle entry arc determines the number
of blade hallways where a steady stream of water enters the
turbine wheel, so that the larger the nozzle entry arc the
greater the number of blade hallways in which the water jets
flows through. The number of blade hallways flowed with
the water affects the pattern of water jets flowing through
the empty space, further, the pattern of the jets determines
the magnitude of hydraulic losses and finally influences the
efficiency of the turbine. Further, it can be stated that the
greater the nozzle entry arc the greater the number of water
jets flowing through the empty space which then collide
with each other, result in the larger hydraulic losses, there-
fore, generally result in the lower efficiency.

The rotational speed of the water turbine determines
the peripheral velocity of the runner, the higher rotational
speed of the runner results in the higher runner peripheral
velocity. The peripheral velocity determines the period of
the water jets entering one blade hallways, since the veloc-
ity of water jets remains constant, so the amount of water
flowing through one hallway depends on the rotational
speed. The higher the rotational speed of the runner, the
less water flowing through one blade hallway, while the
higher the rotational speed of the runner the greater the
number of blade hallways flowed with water. The turbine
efficiency is the ratio of shaft horsepower and water horse-
power, since shaft horsepower is a function of force acted
by the water and rotational speed of the runner, so the
condition of water strike on the runner blades determines
the turbine efficiency. The number of blades on the cross-
flow turbine shaft affects the performance of cross-flow
turbines. Likewise with the turbine rotation. It was con-
cluded that the greater the number of blades the higher the
turbine efficiency.

7. Conclusions

1. The pattern of flowing water through the runner is
influenced by the magnitude of the entry arc and rotational
speed of the runner.

2. The turbine wheel spinning lower than 150 rpm is the
condition of the water flow inside the turbine runner hitting
the shaft. The higher the rotation of the turbine wheel, the
farther the distance of the water flow in the turbine wheel
against the axis turbine.

3. The efficiency of the turbine is influenced by the mag-
nitude of the entry arc and rotational speed of the runner.
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