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ABSTRACT

Hundreds of kilometers of irrigation canals are ageily

contiguous the village has not been maximally futlps well

most of damaged. Basically, in the water flow aalalé an

amount of energy could be harnessed as a renevesiggy

resources. Shortage of water and electricity sepre the major
issues encountered by the villager. Irrigation tareave head
differences including low coupled lies in lowlanareas.
Picohydro electric generation, undershot-type watdyine suited
for low high head applications in attemp to gaie éhectricity. To
move the water, spiral tube pump mounted on theinarcan be
installed simultaneously on generating systems. Timbine

developed has an outer diameter of 2 m with 18egief straight
blade prepared from the material of aluminum. Gndide of the
turbine wall embeded the spiral tube pump with Hscaas

designed to operate concurrently with electricaleyation. The
height of water resources varied by controlling tipening of
sluice gates to find out the potential. Throughstudy the
maximum electric voltage achievements was 125 wltthe

same time, the pump discharged the water withegsliper menit.
These results provide sufficient supply of frestewatand

electrical power for a family at contiguous area.

KEY WORDS: Undershot, Turbine, Spiral Tube Pump,
Energy, Irrigation, Pico-Hydro, Combination, Electricity,
Generator.

1.0INTRODUCTION

The flow water in small river or irrigation providee renewable
energy but not yet widely used. In last decade,ymaigations

system has been developed in Riau province in dal@rigate

250,571 hectars of lands [1]. The people who hesdt around it
have a problem with electrical power supply and yneases the
irrigation has damaged. The damage lead to wasaurees has
only slightly reach the lands. This condition regsithe problem
solving because it may affect the people econotgicald their

survival.

The irrigation in good condition are likely to haggeat
potential to be utilized as a power generationaddition, based
on the data from the energy ministry of human resesj
throughout  of Indonesia's territory available tombwer
potential are about 75.5 GW with installed capaoityl.7 GW
[2]. Therefore the potential energy contained in theyation is
much possible used to drive some small-scale watdrines.
While in area with degredaded irrigation might beoadevelops
the spiral tube water pump. In order to establisth lwater and
electricity issues, the incorporation concept ofevaurbine with
pump are proper devices to developed.

Many studies have been conducted on the utilizabén
energy as well as setting the energy requiremeamtsneall-scale
water channel such as efficient water and energygeisfor
modernization irrigation [3]. Regulation and optainig the use of
water resources for consumption, irrigation and rbgtkctric
power plant [4]. Then the effort to improve the gyeproduction
by water power plant is also a study concern witpliad the
combined water cycle power generating system [5].

Some types of water turbine has been developedrdra
large scale and small scale power generat®election of the
turbine is very dependent on the situation of thmugd such as
head elevation and flow. Especially for the typédmfastshot and
undershot turbine have suitable for low head waésources.
However the turbines could suffer two efficiencydes are the
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inlet losses due to the geometry of the turbine evlamd flow
friction losses the water pass through the turbiades [6].

A study done to examines the possibility for conmnthe
irrigation as agriculture water supply and at tlane time as
hydroelectric plantby reviewing various methods. It work in
order to estimate the potential hydropower. Thiehas produce a
simple methodology and proposed to characterize carahtify
the used level of irrigation networks to produce ttydroelectric.
They propose the use of hydraulic power specificd an
hydroelectric coefficient in order to characterthe water power
potential in the irrigation network. They concludédat the
methodology proposed can applied for initial analysroughout
region to network identity that might have the ¢esa potential
for hydroelectric power production. However, spiecgtudy is
essential for analysis of feasibility [7].

Water turbine has been widely used to generatdrieiee
Although it has represented the economical devieffsjent and
sustainable technologies, but limited study thas baen done
today, especially for the type of waterwheel. Tletioal approach
was adopted to estimate various types of poweefotsat occur
in water turbine, to predict the mechanical powaertpat.
Theoretically results are validated with experinaéndata on
turbine models. The characteristic curves of expenital turbine
is illustrated, wherein the form of turbine effio®y and power
output versus water flow rate, flow velocity ancethpeed of
turbine wheel. The results show that high power loss
theoreticallly caused by kinetic energy of flow blade and
hydraulic losses by the head, subsequently the flomugh the
sluice. Therefore, better design of the inlets #radgeometry of
the blade can improve the efficiency of the turl{Ble Therefore,
hydrological data from a potential place for depeh@nt of mini
hydro power plants should be included in the fabsitstudy of
project hydropower plant development. Furthermbeedata may
be used for planning of irrigation land in and arduhe rural
areas [9].

Based on previous studies, the application of stodbine on
irrigation network seems as possible. Small turbdoenbined
with spiral pump are the new study and also thdystike that is
limited. The new design needs to be done accordinghe
conditions of the area. The performance of the nevbine
combined with spiral pump are aims of this study.

20 METHODSAND TEST EQUIPMENT

Designing and manufacturing a set of small-scaleemwaurbine
for power generation combined with spiral water puare the
method to understand the pre-behaviour of watdairierapplied
on irrigation. Then performs installation and tegtion local
contiguous irrigation to gain the data.

2.1 Location and Condition

The irrigation condition like a rural is represaeht@ Figure 1.
Koto Tibun is a village located 30 km to west frdtekanbaru
city in Riau Province of Indonesia. Here, was depetl a small
water dam in attempt to stem the water on a ri@ar.the dam
was divided into several sluice gates to flow istane irrigation
channels.The irrigation aims to irrigate the adtime, the
fisheries and the daily necessities.

As the location for the development of a mini powkemt and
therefore has performed measurements on the paltenirgy of
water. On the location was collected the data atmight of
water flow, flow, and area of water surface resipebtt are 0.76
m, 0.27 m/s and 0.6 mThe estimation for power generation is
approximately 0.8 kW. The height of water couldaogusted by
sluice gate. According to the survey the heightwatter is a
representation the flow rate due to the elevatidierénce along
the irrigation canal are rather constant.

Entrance to
irrigation

Figure 1: Description of location for application a undershot
water turbine, Koto Tibun Village.

2.2 Turbine Combination and Components

The main component of turbine combination has gedras seen
in Figure 2. The undershot water turbine combineth wpiral

pump embeded in one of turbine wall. As in Figureth2

arrangement of part respectively are inlet watemél (1), coil

tube (2), rotary water valve (3), outlet water duf#), water
wheel (5), electric generator (6), and multilevansmission (7).
The turbine fabricated from the material of alumimi and the
spiral pump from polyester. The component was neotufed in

workshop then assembling on irrigation canal. Femtiore, all

activities such as data collection is underwayhat tocation. For
details, the size and spesification of the turkdand spiral pump
are presented in Table 1.
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Figure2: Parts arrangement of turbine and combination

Table 1. Size and specification of main component the hebi

combination
Components Size and Specification

Turbine
Width of turbine blad 0.7nm
Length of turbine blade 0.7m
Thickness of turbine blade 2mm
Number of turbine blade 18 pieces
Material ofturbine blad Aluminium
Outside diameter of turbine wheel 2m
Inside diameter of turbine wh 06
Spiral tube pump
Outer diameter of spiral tube pump 2 m

Funnel diameter of spiral tube3in
pump

Tube diameter of spiral tube pump 15in
Numbe of coil tube 5 coil
Diameter of outlet water tu 15in

Material of spiral tube pump

PVC and Polyester

Collecting the data of about the main parametérhe test
carried out when assembling and setting througlloaitturbine
components were completed. Likewise the rotationsrew
measured by tachometer and the voltages measureoltbyeter,
as illustrated in Figure 3. The discharge of pungs Wetermined
by a measuring cup and stopwatch. To vary the hefkvater
flow is intended to locate the maximum and minimuaiues for
those parameters. Then to accomplish of its purffeséeight of
water flow governed by sluice gate located on tae.dEach the
height of water flow be measurable with the regweter-level-
meter.

Figure 3: Rotation and voltage measurement

3.0 RESULTSAND DISCUSSION

Figure 4 shows the characteristics of water heighthe turbine
inlet to the water discharge that are pumped bsakpibe pump.
The other line shows the amount of electrical \g#tgenerated
by the electric generator. As driver the spiraletygump and the
electric generator during the test are solely @efrifrom the water
wheel. both line curves shows data trends are aseres the
water height increase. Increase in water heigttimstudy could
mean increase the flow rate in the irrigation caaslenergy
resources. Therefore, the pump can increase therfite at the
pump inlet which necessarily would then resemblieabmlown
the drain. On the other hand when the turbine astslectrical
generator driver, the increase in the flow rate mseiacreasing
the mass flow rate that rotate the wheel.

The increase in mass flow rate may could increas@mount
of energy available in the water resources. Othsults that can
be seen from this exposure are as the pump, theénéurccan
operate at water heights are lower than the turbérges as an
electric generator. Turbine down into off as elecggenerator
when the water height of about 0.65 m. Meanwhilegct as a
pump is estimated to be operating in water heiflat east 0.5 m.
These data imply that in order to drive a poweregation takes
the flow has much greater than the spiral pump.
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Figure 4: Characteristic of changes in height of water resesir
on respective pump discharge and electrical voltage
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Now, when the water flow force the blades are therduce
the rotation on water wheel. As shown in Figureirb,the
individually testing has shown the different fuoctiof the water
wheel seem to make a difference at the operatiotation of that
machine. In order to turn the spiral pump the watgreel
operates at rotation of about 2.5 to 4.5 rpm hawslyces the
discharge aproximately 16 liters per menit. It gsigalent to the
discharge a household water pump. In predictiooouiid provide
the water supply of a fish pond. As the electrioagation, the
operational rotation of water wheel was about 0%-Bom
generate the electrical voltage maximum of abobt\elt. These
results imply that the spiral pump requires lesrgy source than
an electric generator.
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Figure 5: Characteristic of changes in turbine rotations on
respective pump discharge and electrical voltage

As combination, the turbine uses have led to irszethe
needs of water flow rate as energy resourcesigation system.
As the spiral pump and the electric generator cautseely have
produces a decrease in discharge and voltage.cdyensim Figure
6, seem to a small percentage of water energy laédan order
to drive the spiral pump but remaining greater thoe electric
generator. Due to small flow, the energy availalsiewater
resources are limited, causing decrease the digelzard voltage
achievement. The maximum water discharge that cen b
transferred by the pump is reduced by about 6sligar minute.
However, it was balanced by a decrease in maximoltage
output of about 20 volts. Fortunately, as the heigh water
increases conduce discharge and voltage increases.

12 4 r 140
. —@— Spiral Tube Pump
'E 10 —-&-- Electric Generator K4 r 120 _
S 3
B r 100 2
£ 81 >
g 8o 9§
g 6 g
y =
X L [}
& 60 9
2 41 =
2, w
g F 20

o-*"

o

. 0
06 0,7 0,8

Height of Water Resources, H (m)

o
wn

0,9

Figure 6: Characteristic of changes in height of water reses
on combination pump tube spiral and electric gewera

The rotation could be a visualization the energytamed in
water flow at the irrigation canal. In combinaticmrbine
functions, the rotation increment has caused iseréa pump
discharge and voltage generation. As shown in Eiguit can be
seen that the effects of turbine rotation changes both
parameters are differently slope. This result is tlu the water
resources requirement to drive the spiral pump atettric
generator are significant difference.
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Figure 7: Characteristic of changes in turbine rotations on
combination pump tube spiral and electric generator

4.0 CONCLUSION

This study reveals the performance of undershoemwatrbine
applied particularly on irrigation canal based oral potency.
The conclusion can be drawn are:

To drive the turbine with spiral tube pump and &lec
generator simultaneously were required the heighwvater
flow are about 0.6 m minimum and 0.9 m maximum.

The generator could produce approximately 450 Watt
electrical power, is quite to fullfill the needsahousehold.

The pump have discharge 14 litres per menit wafais
achievement is quite to maintaine the water requerg for a
fish pond.

The undershot water turbine has convenient for the
application on small river or irrigation contigoysiillage.
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