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Abstract 

 

Over recent years, there has been an explosive growth of interest in the development of micro-hydropower 

generationturbine based on low head. Initial investment in building huge dams and large power stations is 

needed for high head turbine, beside these large dams are not environment friendly. Particularly in lower 

head, screw turbine is suitable for environment reason where this turbine has high efficiency, relatively 
lower cost and low environmental impact. Screw turbine can be applied in remote area which has water 

resource and no grid connection available. This paper reports experimental results examining the 

relationship between rotation speed and power. Laboratory scale of screw turbine is made by using locally 
available materials. Test results show that different speed of generator caused by different diameter of 

pulleys has great discrepency.  
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1.0  INTRODUCTION 

 

Environmental issue and diminishing sources of energy like fossil 

fuel and coal encourage researcher to pay attention in finding 

another sources of green energy nowadays. A lot of research have 

been conducted by using natural energy sources suh as geothermal, 

biomass, solar, wave, wind and water. 1It has been recognised that 

from all of those sources, energy from water is one of the biggest 

source in our planet beside energy from the sun.2 Hydropower is a 

good example of renewable energy and its potential application to 

future power generation cannot be underestimated. Water energy a 

clean, cheap and environmentally friendly source of power 

generation is a great importance for sustainable future, because this 

resource can be found around the globe. 

  Using water energy as source of power generation has been 

growth over recent years. High head turbine is developed to 

generate electricity in a few decades and it can be applied in some 

sites. Due to head limitation, researchers try to find another suitable 

turbine for lower head and can cover some drawbacks of high head 

turbine. In addition, most of the low head water sources are not 

explored yet. The cost of the comercially available low head water 

turbines is considerably high per kilowatt output, more research 

need to be done on lowering the cost of these low head hydro-power 

systems. Use of these low head water sources will help in de-

centralization of power supply and helping remote area power 

supply.3,4 

The annual global hydropower production is very small in 

comparison to the global power consumption. However the 

technically expoitable hydro power potential available throughout 

the world is far more than the one which is actually been used as 

illustrated by the data from Sterngerg, Kaygusz and Tailor.5,6,7,8 

The world hydro power scenario show that the technically 

exploitable potential of hydro energy is about 14000 TWh/year and 

economically exploitable potential is about 8000 TWh/year, 

whereas the present global hydro power generation stands at 2800 

TWh/year.5,7,8,9 

  Looking at the above estimate it is clear that there is a large 

potential of hydropower waiting to be exploited. Furthermore there 

is a large gap between technically exploitable and economically 

exploitable potential,5,8,10 which creates a need for further research 

in hydropower technology to make it more economic and help to 

reduce this gap. Until now most of the large hydropower sites have 

been exploited.5,11 However, most of the small and micro hydro site 

are yet to be exploited. 

  Thus keeping in mind that the world currently is still heavily 

dependent on non-renewable energy sources (fossil fuels) such as 

coal, oil and natural gases, which are rapidly diminishing and 

becoming increasingly more expensive, the role of renewable has 

been recognized to be significantly important in sustainable future 

development.  

An interest in micro-hydropower turbine has grown year by year. 

The feasibility of micro-hydropower by using axial flow turbine 
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was examined. However, this kind of turbine has several 

weaknesses such as the need of high head and lack of 

environmentally friendly causing fish cannot pass through that 

turbine blade. Due to low head hydro resources, other kinds of 

turbine, split pipe reaction turbine and cross pipe reaction turbine 

are examined. However, these turbines need more cost to install 

intake pipe,5 and fish cannot pass trough these turbine. 

  Furthermore, in the rapid-change of technology these days, 

there is an environmental issue for saving fish and other biota on 

water where water is used as hydro power source. As seen in 

several developed countries, there is a ban to dam a river that can 

disturb its ecosytem. There should be a consideration of how to safe 

them while hydropower system is built. Installation of screw 

turbine is unlikely to have impact on the quantity and quality of 

spawning and juvenille coarse fish habitat available there.12,13,14 

Unlike most micro-hydro technologies, an operating screw turbine 

can be passed through by fish and small debris without causing 

damage to the screw. Conversely, screw turbine in general does not 

harm fish. Studies of screw turbine on the River Dart (UK) found 

that almost all fish, including eels, trout and solenoid, passed 

through screw turbine unharmed, and that intake screening was not 

necessary. Laboratory test found fish less than 1 kg were not injured 

by contact with screw leading edge if the tip speed was less than 

4.5 m/s (a speed greater than many operating screw turbine): 

addition of a rubber leading edge further reduced injuries to larger 

fish as higher tip speeds.14 

  Some researchs already done about screw turbine. 

Measurements of screw turbine showed the effect of inflow water 

level to diameter, and gave efficiencies between 79% and 84%, 

make this as interesting alternative for turbine in low head 

hydropower application,15,16,18,19 where the power is generated by 

hydrostatic pressure difference and horizontal screw velocity.15,17 

  Because of this kind of turbine has high efficiency, relative 

lower cost and low environmental impact, screw turbine to be 

widely used at low head sites in Europe. These same factors, as well 

as raising policy support for distributing renewable energy 

generation, are expected to result in a prominent market for screw 

turbine in Asia. 

  Available range of micro-hydro generation technologies 

becomes wider with a recent addition of screw turbine. One of 

benefit of screw turbine compare to other generation technologies 

is, it has greatest potential at low head sites (less than about 5 m), 

and unlike conventional reaction or impulse turbines, screw turbine 

also has the potential for maintaining high efficiencies even as the 

head approaches zero.20 
 

 
 

Figure 1  Screw turbine with open trough21 

 

 

Screw turbine consists of an inner cylindrical shaft, around which 

one or more helical surfaces (blades) which are wrapped orthogonal 

to the cylindrical surfaces (Figure 1). The resulting geometry is 

very much like conventional in (and in some case are fixed to it) a 

cylindrical trough. This trough may be a tube that encircles the 

screw, or it may only extend around the lower half of the screw. 

Water flow into the top of the screw, causes it to turn. Water is 

bounded by two consecutive blades in a ‘bucket’. The hydrostatic 

pressure in this body of water exerts on the bucket surfaces causes 

the screw to turn, lowering the bucket in the process. 

  Screw turbine used by inversing principle of screw pump. 

There is enough scientific literature on the use of Archimedean 

screw as pumps.22,23,24 However, when Archimedean screw used to 

extract energy from a flow there is still little English literature 

addressing engineering of it, and much of what is available is case 

studies of installations. Most of the case studies are qualitative; 

however some of the reports sufficiently give detailed performance 

data from operating screw turbine to be used for engineering 

modeling.19,25,26 

  An examination of the dynamics of screw turbine in the 

literature present an efficiency model of an Archimedean screw 

based on the difference in hydrostatic pressure across the screw 

surfaces. The model includes the effect of leakage between the gap 

between screw blade and trough. This research conclude that the 

efficiency of a screw is theoretically independent of rotational 

speed.15 However, to achieve a compact equation, for predicting 

efficiency, their model simplifies the screw geometry to such a 

degree that it is not useful as a practical design tool. 

  The inflow conditions to an Archimedean screw and its 

analytical model can be used to predict and design for optimal 

inflow conditions.27 Another research examined the effect of screw 

geometry on turbine efficiency, both in lab tests and via a survey of 

existing screw turbine across Europe.28 The survey found that 

plants on the order of 10 kW to 60 kW were most common, and 

that fixed speed generators are much less tolerant of large flow 

variations than variable speed generators. Their lab tests also 

examined the use of rotating trough in an effort to increase 

efficiency. They found that in most cases, a fixed-trough design is 

more efficient, and more tolerant to change flow conditions.29 

  Sufficient English literature is not currently available on screw 

turbine to guide designers seeking to optimize screw turbine for 

specific site and flow conditions, although there are some non-

English literatures related to screw turbine are available. 

  This paper will focus mainly on the manufacturing and 

experimentation of a simple screw water turbine working on the 

same principle of gravity turbine under the micro-hydro range for 

low head applications. Simple manufacturing methods using 

locally available material and skills will be presented. The 

performance of the test unit will be explored and evaluated as well 

as identify potential areas for improvement. This work is part of a 

larger research project seeking to develop engineering models of 

screw turbine that can be used as practical engineering tools. 

 

 

2.0  EXPERIMENTAL 

 

Water weight is generally assumed enclosed by the screw’s blades 

while drives the turbine.15,19 If no losses are assumed, all potential 

energy contained in the flow can be extracted giving such a 

machine the teoritical maximum efficiency of 100%. However, 

most of the water weight in the screw rests on the trough, which 

does not move. Power is generated by force and velocity as shown 
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in Figure 1, and since the velocity vector of the rotating screw acts 

tangentially to the screw, only a small part of the water weight 

enclosed in the screw)the part which is resting on the inclined outer 

section of the blade) contributes to energy conversion. Unlike the 

water in the cells of an overshoot water wheel, weight force 

direction of the complete water mass coincides with the downward 

direction of the cell movement. The contribution of the weight 

force is therefore neglected. 

  Measurement of screw turbine performance across a wide 

range of conditions and parameters, such as screw slope, rotation 

speed, and fill point can be done by laboratory experiments in 

which are not easily obtained from field measurements of operating 

screw turbine. Currently, only two research group have reported 

results of screw turbine laboratory studies in the English 

literature.26,28,29 Laboratory studies of screw turbine were initiated 

at the University of Bengkulu before it applied in remote area 

around Bengkulu province to generate electricity. 

 

 
 

Figure 2  Turbine screw experimental apparatus 

 

 

  This turbine has diameter 0.106 m (106 mm). Total length of 

turbine is 0.7 m, consist of 9 blades screw with pitch screw 0.08 m 

as a distance between blade screw. Flow rate of water passing 

through the turbine is 0.68 l/s (0.00068 m3/s). A series of laboratory 

scale turbine screw were custom made by using locally available 

materials. The lab screw was tested in a custom built experimental 

apparatus capable of providing a range of controlled head and flow 

conditions (Figure 2). During a test, the screw is suspended at each 

end on bearings within a cylindrical trough. Two pairs of pulleys 

are used to continue rotation from turbine shaft to generator, and 

also white acrylic plastic is joined on the top of trough to allow for 

future studies involving flow visualization (Figure 3). Because of 

limitation in producing, the nominal gap thickness between the 

screw and trough is made around 5 mm. This gap is necessary to 

prevent friction between the screw blades and the trough, but also 

allows for leakage losses. An upper reservoir supplies water to the 

screw. Water is supplied by two electric pumps that operate 

continuously, and also those pumps are used to control reservoir 

depth. 

 

 
 

Figure 3  Acrylic cover and pulleys 

 

 

  While the lower end of screw turbine is completely submerged 

(flooded) will cause decreasing effective head, so low end of trough 

is put just over the top of lower reservoir, the effective head will 

decrease. Flow exiting the screw is collected in a lower reservoir 

which supplies the pumps that feeds the upper reservoir. Water 

depths within the upper and lower reservoirs were measured by 

manual sight tubes. 

  At this time there are no sufficient measurement devices 

available at Mechanical Engineering Department University of 

Bengkulu. Therefore, the power output of the screw does not 

measure torque to get mechanical power, however it use multi-

meter to show how much current and voltage generated. To show 

this turbine really generate electricity, bicycle generator and also 

some led lamps are used (Figure 4).Rotational velocity was 

measured using a tachometer located on the outer side of pulley 

affixed to screw turbine shaft. 

 

 
 

Figure 4  Bicycle generator and led lamps 

 

 
 

Figure 5  Turbine blades 
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Screw turbine is made by using locally available materials. PVC 

pipe with 4 inches diameter is used as duct or trough of turbine, 

aluminum is used as screw blade and joined by using rivet (Figure 

5). Turbine is installed with 450 elevations (α) to horizontal.  

 

 

3.0  RESULTS AND DISCUSSION 

 

By using flow rate of water (Q) 0.68 l/s (0.00068 m3/s), this turbine 

can generate electricity. This turbine uses two pairs pulley 

reduction. At first pair of pulley, tachometer measured that rotation 

at generator is 560 rpm and at turbine is 232 rpm. As showed in 

Figure 6, measuring current and voltage by using multimeter get 

33.1 mA and 2.97 volt respectively. It can be said that in this 

experiment power can be generated maximum at 0.098 Watt. 

Furthermore, at second pair of pulley, big gap in pulleys diameter 

used to increase rotation, so that tachometer measured rotation at 

generator is 2457 rpm and at turbine is 946 rpm. Measuring current 

and voltage by using multimeter get 61.6 mA and 4.50 volt 

respectively. It can be said that this experiment power maximum 

can be generate at 0.2772 Watt. 

 

 
 

Figure 6  Voltage and current generated in first pair of pulleys 

 

 

  Most interestingly, the comparison of two experiments has a 

profound effect on the voltage and current generated to produce 

electricity. Different pair of pulley diameter which produce 

different speed of pulley. This discrepency is interesting. 

 

 
 

Figure 7  Voltage and current generated in second pair of pulleys 

 

 

  Actually, mechanical power produced by screw turbine is P = 

ω.T, where ω is the rotational speed of the turbine in rad/s and T is 

the torque in Newton meter, however, at this time we do not have 

torque measurement equipment so the torque cannot be measured.  

  The maximum power Pmax available to a hydroelectric turbine 

is given by 

 

𝑃𝑚𝑎𝑥 = 𝜌. 𝑔. 𝑄. 𝐻          (1) 

Where Q is the flow rate, H is the head drop across the turbine, ⍴ is 

the water density and g is the gavitational constant. The efficiency 

n of the Archimedean screw generator can be written as 

 

𝜂𝑔𝑒𝑛 = 𝑃𝑔𝑒𝑛/𝑃𝑚𝑎𝑥         (2) 

 

  During testing, a nominal flow rate of 0.68 l/s and head of 45 

mm was used, giving a typical Pmax of 0.3002W. While this power 

is compare to power of generator, this turbine has 33% efficiency 

on first data of experiment, and it has 92% efficiency on second 

experiment. This results show that higher rotation on generator will 

produce higher power. 

  Study of the impact of rotational velocity on screw turbine 

performance was initiated after the prototype screw turbine was 

observed to have a substantial drop in performance as lower 

velocity of generator. The results in Figure 7 show that peak 

efficiencies were gotten while rotational velocity of generator is 

2457 rpm. This suggests that one of the impact on power output 

caused by changing velocity of generator. Lower speed of 

generator does reduce the range of power that the screw turbine can 

achieve. Effectively, as the speed of generator is increased, the 

efficiency of the screw remains high, however, the pulleys diameter 

that used on generator and turbine shaft must have big discrepancy. 

 

 

4.0  CONCLUSION 

 

Screw turbine is built succesfully with locally simple materials. 

Lab tests were performed to quantify the performance of screw 

turbine under two different operation conditions, notably changes 

in rotational velocity of pulleys used in experiment. and at second 

experiment this turbine can generate power 0.2772 Watt. By 

considering equipments and measurement tools used, this result is 

promising to be continued.In addition, data was collected from a 

prototype screw turbine to examine the effects of changing pulleys. 

The results suggest that screw turbine can be expected to operate 

efficiently across a range of head and flow conditions in small-scale 

run-of-river applications for remote area power supply. 

  Future research plans is to consider the impact of varying 

other parameters, including the effects of inlet and outlet geometry, 

installed slope and pitch.  
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