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ABSTRACT 

Recently, Archimedes screw turbines have been developed to operate as small hydropower stations, because of its 

reliability to operate with the low head(less than 5m) and its low cost of design and operation. In the present study, the 

influence of the flow rate, shaft inclination angle, and the number of blades is studied using physical model and numerical 

model to determine the performance of Archimedes screw turbine at Ramadi Barrages in Iraq. The physical model was 

made of stainless steel with the following parameters: (the radius ratio is 0.536, the pitch is 70 mm, and the shaft angles are 

30⁰, 35⁰, 40⁰, and 45⁰). The experimental work on the physical model is achieved with different flow rates and angles .The 

results showing that the highest efficiency is 81.4 % at the angle of 35⁰ and the flow rate is 1.12 l/s. The maximum energy 

obtained is 25.13 w at the angle of 45⁰, the flow rate is 2.065l/s, and the efficiency was 72%. Also the results shows that 

the increase in the number of blades increases the torque and efficiency of the turbine. There is a good agreement between 

the experimental and numerical model.  

 
Keywords: screw turbine, small hydropower station, low head turbine, CFD, physical model. 

 

INTRODUCTION 

The continuous and increasing demand for fossil 

fuels as energy, lead to an imperative to alternative means 

to meet current and future energy needs, especially as 

fossil fuels are declining and have disadvantages. The 

using of fossil fuel increases greenhouse gases as it gives 

large amounts of Sulfur dioxide and dioxide gases Carbon 

and Nitrogen oxide. These emissions cause climate 

changes and cause global warming.(Zafirah Rosly et al., 

2016).In recent years, Iraq has begun to suffer from 

problems of low river level and the Euphrates and Tigris 

are expected to decrease by 50%, 25% respectively by 

2025 (Istepanian, Alwash, Tollast, & Al-Shibaany, 2018). 

Large power plants placed on dams, including Hadith dam 

in Anbar province, have been affected by reduced 

production of generated energy due to the low water level 

within the Euphrates River, as well as thermal and gas 

power plants, which require high flows for the operation 

of cooling systems such as)The Zweia station in Anbar 

province(.Therefore this type of station (small-generation 

plants) which is the subject of our research is one of the 

most successful solutions that must be studied and 

developed in Iraq. 

Hydropower was introduced to be an alternative 

solution, especially since 71% of the land is covered with 

water, this means that an inexpensive and environmentally 

friendly electrical energy can be generated, and this energy 

can expand rapidly(Nurul Suraya, Ammar, & Ummu 

Kulthum, 2015).One of the technologies that Archimedes 

screw turbines are fish friendly is because they allow fish 

to pass through them without damage. 

The name Archimedes screw came according to 

its inventor Archimedes, Archimedes screw was used for 

the first time for the purpose of irrigation in the Nile Delta 

where it was It is used to raise water from low areas to 

higher areas and also can work on wastewater treatment 

(Zafirah Rosly et al., 2016). 

The main design of Archimedes screw has made 

it a tool to generate electric energy with high efficiency 

and also that 80% of the energy available in high water 

can be converted to mechanical energy, Another 

advantage of Archimedes, that it is practically cheap, they 

can be low head less than 10 m (Maulana, Darwin, & 

Putra, 2019). The screw can manufacture it from locally 

available materials, as well as installed, as it is installed in 

previous stations or Old dams, thus eliminating the cost of 

civil works. (Rorrer, 2000)presented an analytical study to 

improve the design of the Archimedes  screw as a water 

pump and the cost is to maximize the amount of water that 

is raised so determine the external and internal parameters 

of the screw and reach optimal ratios for the parameters    

a) Internal parameters are (Inner screw radius (Ri), 

Number of blades (N), and Pitch of one blade (P). 

b) External parameters are (Outer screw radius (Ro), 

length of screw (L), and Slope of screw (𝛼)   

Screw turbine action system Archimedes, water 

enters from the top of the screw and due the hydrostatic 

pressure  on the surface of the screw and its continuation 

down, the screw rotates that is, the kinetic energy of the 

water turned into a rotational energy of the 

blades(Nuramal et al., 2017). 

 (Müller & Senior, 2009)developed a theoretical 

model and compared with the experimental results, was 

reached to a similar efficiency to the experimental results 

well, also found that each nail geometry has a higher limit 

of efficiency, and that the efficiency of the Archimedes 

screw is indicative of both the geometry of the screw and 

mechanical losses, in addition to the efficiency increases 

with the increase in the number of blades and the decrease 

in the angle of the tilt of the spear with the horizon of the 

head descending between the blades . 
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 (G. Dellinger et al., 2016) presented an 

experimental and numbered study to predict the 

performance of a screw turbine, the experimental study 

was conducted in different flows, the results showed that 

efficiency is higher than 80% in a different set of 

conditions. Numerical study was using CFD Software and 

when comparing the results the efficiency was very close, 

the main objective of the study is to rely on CFD software 

in developing a methodology for predicting the 

performance of the Archimedes screw. 

 (Saroinsong, Soenoko, Wahyudi, & Sasongko, 

2016) presented an experimental study to identify the 

performance of the Archimedes screw turbine under the 

influence of different flows and a different inclination 

angle of the shaft, it was found that the maximum power 

occurred at an inclination angle of shaft  45⁰, the 

maximum efficiency was 89% at the angle of 25⁰ miles. 

The study showed that the speed of entry is an important 

factor in the generation of power and that the Archimedes 

screw turbine is at the highest performance with low 

inclination angles of the shaft. 

 (Lubitz, 2014) have addressed the energy losses 

in Archimedes screw caused by water leaks between the 

outer edge of the screw and the trough. Based on 

experimental equations, the value of the Gap can be 

determined as in the Nagel equation, but this is an 

empirical estimate because it is calculated on the basis of 

diameter only. From theoretical evidencethat the lower 

Gap give the higher of rotational velocity of the screw  

 

Experimental Set-Up 

The experimental rig is manufactured from 

available materials. This minimize the cost of the 

apparatus. The Archimedes screw turbine) shown in 

Figure-2 consists of 12 helix (as in Figure-1) welded on 

hollow shaft. The shaft and helixes are made of stainless 

steel. The screw is covered with a small tube made of 

galvanized iron. The top of which has been cut to work as 

trough, and the dimensions as shown in the Table-1. 

 

 
 

Figure-1. The helix before welded on shaft. 

 

 

 

 

 

 

Table-1. Parameters of screw turbine experimental model. 
 

Parameters   variable value 

Screw length L 1000 mm 

Outer diameter Do   130 mm 

Inlet diameter Di 70 mm 

Number of blade N 1 

Number of helix m   12 

Pitch P 70 mm   

Gap width Gw 2mm 

Trough diameter Dt 134mm 

Slope 𝛼 
30⁰, 35⁰, 

40⁰,45 

 

 
 

Figure-2. Archimedes screw after completion of 

manufacturing. 

 

 
 

Figure-3. General principle of Archimedes screw turbine. 

 

The hydraulic power of the Archimedes screw 

turbine was calculated using the equation 1 

 

Phyd =ρgQH     (1) 

 ρ is water density    

Q  is flow rate  
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g  is gravitation 

H  is the head from top to end of blade 

 

Pmec=T.W 𝜔=
2πn 60  

 

Where: 

n : is number of rotation per minute 

pmec : is mechanical power of screw turbine 

T : is torque is equivalent with angular velocity  𝜔 : is angular velocity 

 

Efficiency of screw turbine is calculated by: 

 𝜂=
PmecPhyd*100%      (2) 

 

In the experiment, the turbine was supplied with 

water by a hydraulic laboratory channel shown in Figure-4 

made of iron. shown in the Figure-2, the channel is 

equipped with water by a pump of 10 hp,   and there is 

also a lock to control the flows entering the channel 

 

 
 

Figure-4. Archimedes screw with hydraulic channel 

during operation. 

 

Numerical Model 

Computational fluid dynamics (CFD) is one of 

the branches of fluid mechanics that uses numerical 

methods algorithms to solve and analyze problems 

involving fluid flows. 

For complex configurations solution of fluid flow 

may be achieved numerically in smaller time and cheaper 

cost compared with experimental work. 

 

Geometry 
The Archimedes screw model was designed using 

Solid Works with the same dimensions as the laboratory 

model. 

 

 
 

Figure-5. Bladed screw turbine by solid works. 

 

The simulation of Archimedes screw turbine 

model was done usingANSYS FLUENT, Computational 

Fluid Dynamics (CFD).It is a branch of fluid mechanics 

which is a simulation of fluid flow and heat transmission 

and some other phenomena. This method is important in 

industrial applications, and the advantages of this 

technique is that it reduces the time and cost of design for 

applications, as it reduces the cost of design by 40% 

compared to experimental methods, the basis in this 

technique is the equations of Navier Stock, developed by 

Claude Louis Navier in the beginning of 1800(Simmons, 

2018). 

 

Governing Equations  

The flow of fluid through a control volume can 

be described by the complete Navier- Stokes equations. 

These equation can be derived depending on the principle 

of conservation of mass, momentum, and energy (Guilhem 

Dellinger et al., 2018) 

 

Continuity equation 

 ∂ρ∂t + ∂(ρu)∂x +
∂(ρv)∂y +

∂(ρw)∂z =0    (3) 

 

Conservation of Momentum 

 

x-momentum equation 

 ∂(ρu)∂t + ∂(ρu2)∂x +
∂(ρuv)∂y +

∂(ρuw)∂z =-
∂p∂x + 1Re  [∂τxx∂x +

∂τxy∂y +
∂τxz∂z ] (4) 

 

Y-momentum equation ∂(ρv)∂t + ∂(ρuv)∂x + ∂(ρv2)∂y +
∂(ρvw)∂z =-

∂p∂y + 1Re  [∂τxy∂x +
∂τyy∂y +

∂τyz∂z ] (5) 
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z-momentum equation ∂(ρw)∂t +
∂(ρuw)∂x +

∂(ρvw)∂y + ∂(ρw2)∂z =-
∂p∂z + 1Re  [∂τxz∂x +

∂τyz∂y +
∂τzz∂z ]     (6) 

 

Energy equation. 

 𝜕ET𝜕𝑡 + 𝜕(𝑢𝐸𝑇)𝜕𝑥 +
𝜕(𝑣𝐸𝑇)𝜕𝑦 +

𝜕(𝑤𝐸𝑇)𝜕𝑧  

=-
𝜕(u𝑝)𝜕𝑥 -

𝜕(𝑣𝑝)𝜕𝑦 -
𝜕(𝑤𝑝)𝜕𝑧  

+
1Re[

∂∂x(u𝜏𝑥𝑥+v𝜏𝑥𝑦+w𝜏𝑥𝑧)+
∂∂y(u𝜏𝑥𝑦+v𝜏𝑦𝑦+w𝜏𝑦𝑧)+

∂∂z(u𝜏𝑥𝑧+

v𝜏𝑦𝑧+w𝜏𝑧𝑧)]-
1Re.pr[𝜕𝑞𝑥𝜕𝑥 +

𝜕𝑞𝑦𝜕𝑦 +
𝜕𝑞𝑧𝜕𝑧 ]   (7) 

 

Assumptions  

There are a necessary assumptions required 

before applying the conventional Navier- Stokes equation 

to model the fluid through the Archimedes screw turbine. 

The major assumptions are the following: 

 

a) Fluid (water) is in single phase  

b) Water is considered as incompressible fluid 

c) Properties of water are temperature independent     

Boundary Condition 
In this simulation, the transient flow state was 

used as its Boundary condition. The speed of entry at 

upstream (inlet) as well as the rotational speed of the 

screw were taken from the experimental results, while the 

pressure at downstream (outlet) is equal to 0 

 

Name Type 

Inlet Velocity inlet 

outlet Pressure outlet 

screw rotational speed 

 

Mesh 

A non- uniform grid has been chosen to gine a 

good accuracy as well as the consistency of the numerical 

results. 
Convergence criteria were set to less than (10

-6
) 

for continuity and momentum residuals. Number of 

iterations was 100. Through theoretical study, upon 

analysis, it was found that the best value for the size of the 

element is 5 mm, where values greater and less than 5 mm 

were tested, the large values from 5mm did not give 

accurate results, but when at small values from 5 mm, the 

results did not change, just an increase at the time of the 

analysis. 

 

 
 

Figure-6. Mesh model of screw turbine. 

 

RESULT AND DISCUSSIONS 

 

 
 

Figure-6. The relation between flow rate and 

mechanical power. 

 

Figure-7 shows the relation between mechanical 

energy with the flow rate. Obviously from this curve the 

higher the flow rate, the more mechanical energy.That is, 

the trend line is almost equal. The reason for the increase 

in mechanical energy is that the flow rate increases the 

force that affects the blades, and thus the rotation of the 

blade increases, from which the mechanical energy 

increases. 
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Figure-7. The relation between efficiency and flow rate. 

 

The relationship between flow and efficiency 

with an angle of 35 miles shows in Figure-8. When the 

flow increases, the efficiency of the Archimedes screw 

increases until it reaches its peak at the optimal flow and 

then begins to decrease. This means that to obtain a high 

efficiency the flow must be optimal 

 

 
 

Figure-8. Relation between rotation and flow rate with 

number of angles. 

 

From Figure-9 We note that when the flow 

increases, the rotational speed increases at each angle of 

inclination, but when the value of the angle increases, the 

rotational speed lines converge, meaning that the change 

in rotational speed becomes small and this means that 

there are losses in energy due to the overflow. 

 

 
 

Figure-9. The relation between efficiency and rotation 

(35⁰ Angle). 

 

Figure-10. Shows the relationship between 

efficiency and rotation at angle 35⁰, we notice that 

efficiency in the beginning increases with increasing 

rotational speed until it reaches the top at the highest value 

of 81.4% at a rotation of 165, which is the highest value of 

efficiency reached in the practical test, after which 

efficiency begins Decreasing with increasing rotation. 

From the results it was concluded that the optimum angle 

is 35⁰. 

 

 
 

Figure-10. Torque with number of blades. 

 

The relationship between the torque of 

Archimedes screw and the number of blades shows in 

Figure-11, the greater the number of blades lead to the 

greater the torque due to the greater increase in the area of 

water contact with the blades, but with the continuous 

increase in the blades, the difference between the torque 

values becomes little, therefore the optimum number of 

blades can be chosen because the greater the number of 

blades the manufacturing process becomes more 

complicated and also expensive. 
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Figure-11. Efficiency with number of blades. 

 

Figure-12 shows the relationship between 

efficiency and the number of blades for an Archimedes 

screw turbine. From the figure, we note that the higher the 

number of blades for the Archimedes screw, the greater 

the efficiency, and this is due to the greater the number of 

blades, the higher the surface area of contact with the 

water entering its energy, and thus increase the torque. We 

note that the increase in efficiency becomes little or 

wobbly when the continuous increase in the number of 

blades. 

 

 
 

Figure-12. The relation between power and rotation for 

experimental and numerical examination  ) 30⁰ angle). 

 

Validation of the Results 

The numerical results of the physical model is 

validated with experimental results. Figure-12 shows that 

both results are  closer to each other to a good extend. The 

deviation between them are less than 5%.  After obtaining 

the experimental results, the results were calibrated by 

using the CFDat a 30⁰ angle. The results In Figure-13 

showed that there is a match for the mechanical energy 

values with respect to the rotational movement between 

the experimental results and the numerical results at the 

angles with the lowest inclination, but at the large angles 

also there is a match but with a lower flow of the CFD 

since the losses are neglected That is, the analysis was 

based on the adoption of the ideal situation and this 

confirms that energy losses at large angles and high flows, 

that is, above the absorptive capacity. 

 

 
 

Figure-13. Simulation of flow water (velocity streamline). 

 

Simulate the flow of water shown in the Figure-

13, shows the speed of the Archimedes screw turbine, the 

speed at the beginning of the entrance is low and smooth 

because it is not affected by the movement of the blades 

and then begins to increase but this speed decreases when 

the flows approach the turbine ground. 

 

CONCLUSIONS 

In this research, an Archimedes screw turbine 

was studied using the practical method and the numerical 

method using the Ansys Fluent software (Computational 

Fluid Dynamics) CFD and the study was done by 

changing some parameters such as the angle of inclination 

of the screw and the flow and the number of blades and 

the results were obtained depending on those different 

conditions. 

Through the results, we note that the direct 

proportion between the flow and the mechanical energy, 

the increased flow increases the mechanical energy, but in 

relation to the efficiency, it is not necessarily that it 

increases, as we noticed from the efficiency and flow  

curve that the efficiency increases to a point where its 

highest value reached 81.4%, and then begins to decrease 

and the reason It is due to the flow being higher than 

normal or above the screw susceptibility, so the increase is 

overflow. 

If the case of  flow changes with changing angles 

30,35,40,45, we find that when the flow increases, the 

rotational speed increases with each angle of the slope of 

the column, but when you continue to raise the value of 

the angles, the lines of rotation relationship converge with 

the flow and this indicates that there is no Need to increase 

the value of the angle because it gives the same value of 

rotation and the same energy with greater losses, from the 

results show that the maximum angle is 35 degrees 

because it gave the highest efficiency with high energy as 

the efficiency reached 81.4%, and the energy is 4.26 watts. 
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In Figure-10, when the discharge increases, the 

rotational speed increases, but the efficiency increases 

until it reaches its highest value at 81.4% at an angle of 35 

and then begins to decrease after reaching above the 

optimal flow, where the losses begin due to the overflow. 

In the case of torque and efficiency with the 

number of blades, the number of torque and efficiency 

both of them increase with the increase in the number of 

blades due to the increase in the surface area of contact 

between water and the blades, but with the continued 

increase in the number of blades there was a convergence 

of the values of torque and efficiency, meaning that there 

is no need for Increasing the number of blades because the 

torque and the efficiency are the same, and also increasing 

the number of blades means difficulty in manufacturing 

and an increase in cost. 

 

REFERENCES 
 

Dellinger G., Garambois P. A., Dufresne M., Terfous A., 

Vazquez J. & Ghenaim A. 2016. Numerical and 

experimental study of an Archimedean Screw Generator. 

IOP Conference Series: Earth and Environmental Science, 

49(10). https://doi.org/10.1088/1755-1315/49/10/102002 

 

Dellinger Guilhem, Garambois P. A., Dellinger N., 

Dufresne M., Terfous A., Vazquez J. & Ghenaim A. 2018. 

Computational fluid dynamics modeling for the design of 

Archimedes Screw Generator. Renewable Energy, 118, 

847-857. https://doi.org/10.1016/j.renene.2017.10.093 

 

Istepanian H., Alwash A., Tollast R. & Al-Shibaany Z. Y. 

2018. Towards Sustainable Water Resources Management 

In Iraq. (August), 1-45. Retrieved from 

www.iraqenergy.org 

 

Lubitz, W. D. 2014. Gap Flow in Archimedes Screws. 

CSME International Congress 2014, (June): 1-6. 

 

Maulana M. I., Darwin & Putra G. S. 2019. Performance 

of Single Screw Archimedes Turbine Using Transmission. 

IOP Conference Series: Materials Science and 

Engineering, 536(1). https://doi.org/10.1088/1757-

899X/536/1/012022 

 

Müller G. & Senior J. 2009. Simplified theory of 

Archimedean screws. Journal of Hydraulic Research, 

47(5): 666-669. https://doi.org/10.3826/jhr.2009.3475 

 

Nuramal A., Bismantolo P., Date A., Akbarzadeh A., 

Mainil A. K. & Suryono A. F. 2017. Experimental study 

of screw turbine performance based on different angle of 

inclination. Energy Procedia. 110, 8-13. 

 

Nurul Suraya A., Ammar N. M. M. & Ummu Kulthum J. 

2015. The effect of substantive parameters on the 

efficiency of Archimedes screw microhydro power: A 

review. IOP Conference Series: Materials Science and 

Engineering, 100(1). https://doi.org/10.1088/1757-

899X/100/1/012030 

Saroinsong T., Soenoko R., Wahyudi S. & Sasongko M. 

N. 2016. Performance of three-bladed Archimedes screw 

turbine. ARPN Journal of Engineering and Applied 

Sciences. 11(15): 9491-9495. 

 

Simmons S. 2018. A Computational Fluid Dynamic 

Analysis of Archimedes Screw Generators by presented to 

The University of Guelph In partial fulfilment of 

requirements for the degree of Master of Applied Sciences 

in Engineering Guelph, Ontario, anada. (September). 

 

Zafirah Rosly C., Jamaludin U. K., Suraya Azahari N., 

Ammar Nik Mu’tasim M., Nurye Oumer A. & Rao N. T. 

2016. Parametric study on efficiency of archimedes screw 

turbine. ARPN Journal of Engineering and Applied 

Sciences. 11(18): 10904-10908. 

 

Rorres C. 2000. The turnoff the screw: Optimal design of 

the   Archimedean screw. Journal of Hydraulic. 126(1): 

72-80. 


