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ABSTRACT

Current cross flow turbines are simple, inexpensive construction and appropriate technology as a rural micro
hydro power plant where potentially abundant water potential is available. But the lack of cross flow turbines is of lower
efficiency compared to other impulse turbines because it uses only one nozzle. The objective of the research is to improve
the performance of multi nozzle cross flow turbine. The research method is to test the characteristic performance of turbine
cross flow with multi nozzle through measuring, collecting and analyzing data with the relevant formula. The result of this
research is the improvement of performance of multi nozzle cross flow turbine development which reach 83,60%

efficiency.
Keywords: cross flow turbine, multi nozzle.

1. INTRODUCTION

Population growth, technological and industrial
development of a country will increase energy
consumption, so it must strive to increase energy supply
[1]. The development and economic development to
achieve a decent standard of living will increase the
demand for energy in the future. This condition can turn
energy into a very promising commodity profit
opportunity. These opportunities encourage various parties
to conduct efforts to provide and manage energy efficient
by utilizing new and renewable energy sources such as
water energy. Water energy is a renewable energy that can
be derived from nature directly [2]. Indonesia has
enormous water energy resources, can be used as a source
of electrical energy. The provision of sufficient, easy,
inexpensive, environmentally friendly and sustainable
electricity is indispensable for the future development of
the Indonesian economy [3].

The availability of potential macro and micro-
scale water is very abundant in rural areas can be used as a
driver of cross-flow turbines to support government
programs that promote the utilization of electrical energy
sources from water energy. Electrical energy has become a
staple in human life. The utilization of water resources in
each location is expected to overcome the problem of
power shortage in the area [4]. At present only 53% of the
total population of Indonesia has access to power grids
and still there are 47% in remote areas not yet covered by
the power grid due to limited infrastructure and generating
capacity. Water power is already being used around the
world as a natural source as a very important power plant.
Small-scale renewable energy whose cost is most effective
to supply electricity to remote villages far from the
country's electricity transmission lines. Electrical energy is
the most widely used in supporting human life, wherever
we live, electricity has become a primary need for every

circle, in urban and rural areas the need for electricity
continues to increase [5].

Utilization of the potential of water energy as a
micro-hydro power plant as a reliable energy source. The
main component of a micro hydro power system is a water
turbine to convert potential energy of water into
mechanical energy. The magnitude of the potential energy
of water required for micro hydro power generation is
calculated based on the function of head and flow rate [6].
Then during this much used water energy is the potential
of large water that has a having height of head and large
flow rate.

The development of micro hydro power plants
can provide additional electricity supply for the
community. Micro-hydro plants are well suited to supply
electricity in rural areas, which is usually difficult to reach
by state power grids. Utilization of hydro power as a
turbine driver will motivate the government and society
for the environment must be sustainable so that the water
flow is continuous and maintained. The potential energy
and kinetic energy of the water are converted to
mechanical energy in the turbine and then used to drive
the electric generator [7].

There are many types of water turbines that are
used as hydroelectric power plants, but the best selection
of turbines must be tailored to the location characteristics
of head and flow of available water. Selection of turbines
depends on the desired power and speed as needed. Cross
flow turbines are the best type for hilly areas with low
discharge rates and moderate heads. Cross flow turbine
performance is strongly influenced by turbine structure
configuration and flow characteristic on turbine blades,
nozzle shape, blade angle and number of turbine blades.
The angle that surrounds the runner serves as a capture of
the kinetic energy of the water that strikes the surface of
the blade causing the runner to transmit the kinetic energy
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of the water into mechanical energy on the turbine rotor
[8].

Cross flow turbine is very suitable for use as a
powerhouse in free flow water, small flow rate with low
head. Phenomenon of rotation and work efficiency of
cross flow turbine is also strongly influenced by the angle
of the rotor blade. Then the general parameters affecting
turbine efficiency are the form of turbine blades and the
velocity of water flow. Based on the study of theories
found the main and urgent problem, that there are still
many turbine blades that potentially generate mechanical
energy, but do not get the water jets from the nozzle. The
turbine produces a high vibration because the turbine
blade spin is unbalanced, the high shaft vibration causes
the turbine shaft to decrease and the shaft bearing is
quickly damaged [9]. This causes turbine power to drive
low and unstable power generators causing not optimal
performance, turbine lifetime and generators

The purpose of this research is to improve the
performance of multi-nossel  cross-flow  turbine
development including rotation, torque, power and turbine
efficiency. The development of renewable energy science
and technology, especially micro hydro, has a mechanical
component in the form of a water turbine as a microhydro
power plant. The test model is carried out on a laboratory
scale to obtain cross flow turbine characteristics. Data
collection and analysis using existing formulas to obtain
power generation and turbine efficiency.

2. LITERATURE REVIEW

Cross flow turbines are impulse turbine water
turbines which are more advantageous use than using
water wheels, or other types of micro hydro turbines. The
use of this turbine for the same power on a water wheel is
cheaper, since the cross flow turbine size is smaller and
more compact [10]. The high effectiveness and efficiency
of cross flow turbine is caused by the use of water energy
in the turbine is done twice, the first energy collision water
on the blades when the water starts to enter the blade, and
the second is the propulsion of water on the blades when
the water will leaving the runner. The existence of turbine
water works on turbines provides high effectiveness in
cross flow turbines [11].

The principle of cross-flow turbine work was first
discovered by A.G.M. Michell in 1903, later developed
and patented by Donat Banki so named Turbin Banki [12].
The cross flow turbine consists of two main parts namely
the nozzle and the turbine runner. The turbine runner is
constructed of two discs or parallel diks connected
together with several curved spindles arranged in series.
The nozzle serves to emit a pressurized water flow,
converting the water pressure energy into water Kinetic
energy and directing the water jet to the turbine blades.
The water jets from the nozzle pound the front turbine
blades and then the cross flow of water jets again enter the
runner's inner blades and the water out on the outside of
the blade [13].

This research is very strategic and urgens to
conduct a deeper study on the performance of turbine
cross flow multi nossel. This cross flow turbine is essential
for improved performance, because of all types of water
turbines, the most widely used cross flow turbine and
suitable as a micro hydro power plant in the countryside.
This turbine manufacturing process is quite easy, has a
simple construction, operation and maintenance, is
relatively inexpensive and able to operate with high
efficiency and effectiveness, because once a water jet from
the nozzle twice moves the turbine blades [14].
Optimizing the performance of cross flow turbines that use
water energy as a source of power generation is to support
national energy independence and reduction of
dependence on fossil fuels as an effort to create clean
development and blue sky program.

Cross flow turbine is a tool to convert water
energy into mechanical energy in the form of motion on
the turbine shaft. The water flow is directed into the
turbine rotor through the inlet nozzle (jet) then water flows
through the first rotor in the turbine blade and then exits
through the turbine exit. The power generated through the
power output shaft of the turbine can be used to drive the
electric generator, compressor, water pump and others.
The research concentrates on the main part of the cross
flow turbine, especially the radial runner and the shape of
the water transmitter nozzle. There is also developed
software for designing a latitude turbine, where several
parameters have to be entered and there are still some
calculations to be done where the results should be entered
[15].

Impulse turbines, which have the simplest design
and are often used for small hydro head systems. The
lower the head and the amount of water needed for a given
amount of power, the smaller required equipment at lower
cost [7]. The pipe carries water to the nozzle, where the
kinetic energy of the water is used to push or push the
turbine blades and shafts connected with the generator or
other equipment. In general, hydro energy can be
predicted, start time and small output time can be easily
adjusted, more haandal, low operational costs, durable
technology and no impact on the environment. The
utilization of cross flow turbine for the potential of
available water energy in the surrounding area is very
suitable considering the cross flow type impulse turbine
has the appropriate characteristics used in water sources
with high fall and small flow rate. Variables that greatly
affect turbine performance are the number of blades
associated with the number of turns, turbine power, and
turbine efficiency. The available water power is highly
dependent on the level of the head and the flow discharge
can not be enlarged with the addition of the turbine.

The research was conducted by taking some of
the inputs used are the flow rate, the falling height, the
slope and the width of the cross section, the outer diameter
of the turbine and the width of the turbine. Meanwhile, the
quantity created as a variable is the number of nozzles in
the multi-nosse cross flow turbine [9, 16]. The equations
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used to calculate the performance of the multi-flow cross-
nozzle turbine are as follows:

Head

h = £ (m) (1)
p-8

Flow rate:

0 :% (m%/s) 2)

Water power

Water power is the result of multiplication of
gravity acceleration, water density, water discharge and
high water fall or head are as follows:

Pouer =9,81.h.Q. g p (Watt) A3)

Turbine power

Turbine power is a water energy that is converted
into mechanical energy on its axis, which is then
converted into electrical energy.

Pubine = (Torque x Speed of the turbine shaft)
=(Tx o) =(Fr)x (2n.n) “)

Turbine efficiency

Turbine efficiency is the ratio of output power
and input power. Efficiency is a measure of how much
energy is actually converted. Where the output power is
the power generated by the turbine and the input power is
the available water power [8, 17]. Some energy will be
used to overcome the friction force in every energy
conversion process

_ POWeroutput _ [)Turbine (5)
Murbine = P, - P
owerinpm Water

3. MATERIAL AND METHODS

Materials and tools of research are cable, rivet,
pulley, belt, shaft, welding electrode, sandpaper, paint,
frame, iron, saw, welding machine, drill machine, meter,
Stop Watch, Torsimeter, Flowmeter, Multimeter, Dial
gauge, Manometer, Thermometer, Micrometer, Electrical
regulator, Voltmeter, Amperemeter, Thermometer,
Measure Glass. The procedure of the implementation of
this research activity is the preparation of materials and
Instruments, installation. Calibration, measuring cross
flow turbine performance variables, analyzing, evaluating
turbine performance scheme installation of turbine cross
flow research multi nozzle.

Figure 4. Instalasi Experiment

The instrument used in the research is
a) Manometer is measure the amount of water pressure

in pipeline, with known water pressure hence falling
height, flow discharge can be calculated. Head is
water pressure, elevation difference or water fall
height in calculating water power as turbine drive.

Figure 5. Research Activities

b) Meter is used to measure the height of water fall,
reservoir dimension and water pipe length

c¢) Measuring cup to measure water discharge. The
measurement of the amount of water flow is measured
in liters per second or cubic meter/ sec). To measure
the flow rate of the volume of water of unity of
seconds, measured by glass measuring method or fill
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the container by dividing the volume of the container
by the time of filling.

d) Balance of spring to measure load and torque on
turbine

e) Tachometer to measure the rotation of the turbine
shaft powered by water

f) The thermometer is to measure turbine inlet water

4. RESULT AND DISCUSSIONS

Based on research result of development of
turbine cross flow multi nozzle is angle of nozzle and
blade turbine is 30°, number of nozzle 3 pieces with
amount of 24 blades and data analysis obtained that higher
water flow rate, hence will produce bigger water power
and impact on increasing runner rotation. Turbine research
results on the performance of cross flow turbine multi
nozzle with water flow rate variation can be illustrated in
Figure 6 graph relation of turbine power to variation of
water flow rate change as follows:

temperature
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Figure-6. Turbine power graphs of water flow rate.

In accordance with Figure-6 on the graph of the
relationship of water power to the flow of water illustrates
that the greater the flow of water flowing into the turbine
is the greater the turbine output power but when it reaches
its optimum working point with high speed, the resulting
power will decrease. This is caused by the maximum
discharge, the flow rate is very high, it will happen high
flow turbulence and there is loss of energy in the water
flow in the plumbing [6]. The study was conducted by
variation of the number of nozzle, the variation of water
discharge and its effect on water power is possible because
the water flow rate changed.

Based of the results of the research it was found
that the power of single nossel turbine output at the lowest

discharge of 1.48 x 10-4 m3 / s produces 1.01 Watt power
at 156 rpm rotation while multi nozzle cross flow turbine
obtained higher power 1.05 Watt nozzle with speed 161
rpm. Then at a maximum water flow of 2.0 x 10-4 m3 / s
for turbine flow flow with a single nozzle only produce
3.17 Watt turbine power, maximum rotation of 490 rpm
and for multi flow turbine nozzle turbine obtained that
turbine output power increased reached 3.26 Watt with
optimal rotation of 503 rpm. As a result of the increase in
water discharge the momentum and torque will increase
given at this second level will also increase, resulting in an
increase in turbine power, the greater the water discharge
given will increase the turbine spin, the higher the loading
should be given, its efficiency will increase [12].
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Figure-7. Turbine power graphs of water flow rate.

Based on the analysis of Figure-7 on the graph of
turbine efficiency relationship and water debit on the multi
nozzle cross flow turbine test, it is shown that the turbine
efficiency improvement is directly proportional to the
increase of water discharge in turbine blades. Multi nozzle
of cross flow turbines emit water in turbine blades with
maximum water flow efficiency improved compared to a
single nozzle. This is due to the water velocity energy
entering the runner blades more evenly and mashing more
precisely the front of the blade resulting in increased
torque and turbine spins [7]. Therefore, the multi nozzle
turbine produces a more stable torque and the efficiency of
the cross flow turbine increases, this stability of the spin is
required for better turbine rotation quality. Multi nozzle
cross flow turbines provides the highest efficiency due to
the more efficient use of water energy in turbines
compared to single-pass cross-flow turbines. This is due to
the energy of the water velocity entering the runner blade
is more utilized [8]. While the higher the speed of the
turbine runner then the output power and turbine
efficiency will be greater but when it reaches its optimum
working point with high speed, the power generated will
decrease. This is because when turbine rotation is very
high, the momentum transfer between water and turbine is
so small that the resulting force will be small [9].

The efficiency of the multi flow nossel cross flow
turbine has increased to 83, 60%, while the efficiency of
the single nozzle cross flow turbine is lower at only 81,
37%. Through this research, it is found that multi-nossel
cross flow turbine influences cross flow turbine
performance improvement in the form of rotation, torque,
power and Efficiency. It was also found in this study that
multi nozzle cross flow turbines affect cross flow turbine
performance improvements in the form of rotation, torque,
power and efficiency. The performance of this multi
nossle cross flow turbine derives maximum output power
and turbine efficiency [10]. The emission of water coming

out of the transmit nozzle pounds and drives the turbine so
that the turbine spins and the increase in efficiency is also
proportional to the increase in water flow rate variation
[11]. The greater the water discharge provided will
increase the turbines rotation and the higher the loading
must be given so that its efficiency is also improved,
resulting in the highest efficiency of multi nozzle cross
flow turbine

5.CONCLUSIONS

The higher the water flow rate, the greater the
power and efficiency of the turbine and the performance of
the multi nozzle cross flow turbine is higher than a single
nozzle turbine. The performance of a single nozzle cross
flow turbine is only 3.17 Watt with an efficiency of
81.37%; while multi nossel cross flow turbines are
increased which reaches turbine power is 3,264 Watt with
efficiency 83, 60%.
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