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Due to the increasing human need for electrical energy and the reduction of
non-renewable resources for its production, the use of non-fossil and
renewable resources and resources that have less environmental damage have
been taken into consideration. Archimedes screw turbine is used as a means of
producing clean energy in waterways, and many theoretical and experimental
studies have been done on it. Most of these studies, in laboratory and
numerical form, are in the field of optimization of screw constituent
components and their effect on its efficiency including length, inner and outer
diameter, installation angle, number of blades and screw pitch. In this
research, the most important studies conducted in the field of Archimedes
screw turbine performance, which have been published in the last two decades,
were reviewed. The results showed that the parameters of screw components
have a greater effect on efficiency compared to hydraulic parameters.
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Figure 1. Schematic and geometry of the Archimdes screw turbine (Simmons et al., 2021)
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Table 1. Results of studies: tilt angle (B) in degree, flow (Q) in cubic meters per second, screw’s rotation speed (®) in
radian per second, bucket volume (V) in percent, and outer radius (Ro), inner radius (Ri), outer diameter (Do), inner

diameter (Di), screw’s length (L), pitch (S), geodetic height (H), gap width (Gw) all in meters
Type Variable Value Result Efficiency

Ro 0.096
Ri 0.052
0.192
0.4 « Friction losses and gap leakage are main losses. 77
5.5-16
4-1
30-18

Dellinger et al.

(2018) Numerical

0.15-0.11 .
7.0.6 « Response surface method and Buckingham = theorem were used to

0.4-0.2 develop the efficiency prediction model.
?;5 2'0 « The optimal tilt angle and the number of blades were obtained as 27 83.4
B degrees and 4 blades, respectively, and resulted in an efficiency of

42 c
o 83.4%.

SQSB\zli;d' Numerical

1.2
0.643
0.836

7
45
3
0.005
232

Edirisinghe et

al. (2021) Numerical « 80% efficiency can also be reached at high tilt angles. 82.1

0.167
0.089 *The gearbox can increase the turbine rotation speed from 236 rpm to
0.287 567.46 rpm.
2 « The best performance of the turbine was obtained using a gearbox 55
50, 37.5 wheel at a flow rate of 0.05 cubic meters per second with a power of
30 15.38 W and a final rotation of 410.67 rpm.

0.096

Maulana et al. .
(2018) Experimental

0.055

00'103?; « The highest efficiency is 89% in the tilt angle of 25 degrees and the

5516 flow speed of 0.5 m/s, the characteristic length is equal to Ro and the 89
25,3545 Froude number is 0.15.
3

Saroinsong et al.
(2016)

0.381
0.168
0.381
0.925,0.617,0.478
4
11,10.5,10,9.5,9
5.6,8.15,33.24

Scott Simmons1

: « less length has better performance.
(2019) Experimental 88

0.055
0.030
0.132 » The maximum efficiency was 82.72% with a shaft tilt angle of 51.82
5.5-16 degrees.
25,35,45
3

Saroinsong et al. .
(2018) Experimental

0.096
0.052
0.192
0.4
5.5-16
1-4
30-18

Siswantara et al.

. . o . .
o) Numerical The maximum gap leakage loss was 7%, decreasing slowly with 77

increasing flow rate.
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Continued table 1. Results of studies: tilt angle (B) in degree, flow (Q) in cubic meters per second, screw’s rotation
speed () in radian per second, bucket volume (V) in percent, and outer radius (Ro), inner radius (Ri), outer diameter
(Do), inner diameter (Di), screw’s length (L), pitch (S), geodetic height (H), gap width (Gw) all in meters

Type Variable Value Result Efficiency
Ro 0.150
Ri 0.0825
S 0.300
Dedi¢-Jandrek . L 1 « Archimedes screw turbine with a direct generator has less
& Nizeti¢ (2019) Experimental ® 6.4 performance. ’ 67
Q 12.8-10
B 21,25,30
Gw 0.0025
Ro 0.120
Ri 0.06
S 0.150 . . . .
Lee & San Lee ] L 1.560 « The experimental tests on an Archlmedes screw tur_blne at very high
(2021) Experimental Q 100-20 screw angle (_30-90 degregs) resqlt_ed in an optimal tilt angle value of 94.6
B 30.45 60,75 .90 45 degrees with a mechanical efficiency of 94.6%.
Gw 5
N 1
Ro 0.05
Ri 0.02 - .
Zitti et al. ) S 016 » The coefficient of performance of a ductle§s screw turt_)lne was
Experimental accurately evaluated for a fixed geometry. The inclined configuration 23.8
(2020) L 0.320 - .
B 0 performs slightly worse than the horizontal one.
N 1
Ro 0.130
Ri 0.07 » The highest efficiency was 81.4% at an angle of 35 degrees. The
S 0.07 maximum energy obtained at an angle of 45 degrees with an
Abdullah et al. . L 1 efficiency of 72%. Increasing the number of blades (2-4) will increase
(2021) Experimental B 45,40,35,30 the efficiency. 814
N 1
Q 2.75,2.25,1.75 ,1.25
Gw 0.002
Do 0.146
Di 0.0803
Shahverdi et al. . S 0.146 « The highest efficiency was 58.24% with a tilt angle of 25 degrees
(2019) Numerical L 2.5-1 and the number of blades was 1. 5824
B 5,10,15,20,25,30,35,40
N 5-1
Do 0.37
Di 0.05
Shimomura & S 0.4 .
Takano (2013)  Numerical L 1 a-n sl;\évn?feixggs]etxlt;ya?frleitstc;svg ffrioctiaetrl]t;r)l are closely related to each other 83.4
B 25,20,15,10,5 :
N 4
Q 15.7,13.5,10.5,6.9,4.9
Do 0.146
Di 0.0803
S 0.146 « The maximum efficiency of an Archimedes screw turbine occurs
Lu?zlglit)al. Experimental I[; 022894 when the screw is operating completely full. 80
N 3
Gw 0.000762
® 10
D 0.840
Di 0.420 » The most common field application for Archimedes screw turbines
Rohmer et al ) S 0.96 is fr_om 1 to 6.5 meters for head and ﬂ0\_N rates between 0._25 and 6.5
(2016) ' Numerical L 1.142 cublc_ meters per sec_ond. The ele_ctrlcal power capacity of the 84
B 30 Archimedes screw turbine can be estimated between 1.7 and 300 kW
N 3 with an overall efficiency of 72%.
Q 17,11,5
Ro 0.096
Ri 0.052
Dellinger et al. . S 0.192 « Losses due to leakage of overfilling increases as it is more than
(2016)  Exverimental 7 04 optimal. ’ ‘ "
B 30-18
N 3
D 0.325
Di 0.1683 » On average, the output power loss, rotational friction power loss,
S 0.033 and bearing friction loss accounted for approximately 41.2%, 14.3%,
Kozyn & Lubitz Numerical L 1.2 and 12.3% of the total predicted power loss, respectively. 78
(2017) B 24.4 « On average, approximately 26.5% of the total power loss is related
N 3 to the generator and its related equipment.
Gw 0.00199
Q 12,10,75,4
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Continued table 1. Results of studies: tilt angle (B) in degree, flow (Q) in cubic meters per second, screw’s rotation
speed () in radian per second, bucket volume (V) in percent, and outer radius (Ro), inner radius (Ri), outer diameter
(Do), inner diameter (Di), screw’s length (L), pitch (S), geodetic height (H), gap width (Gw) all in meters

Type Variable Value Result Efficiency
D 0.146
Di 0.0803
S 0.146 « The relative error was less than 1% (0.69%) for a rotation speed of
Shahverdi et al. Numerical L 0.584 10 rad/s, a volumetric flow rate of 1.13 I/s, and a tilt angle of 24.9°. )
(2021) B 30, 24.9, 20 » The maximum mechanical output power was obtained for a rotation
N 5-1 speed of 10 rad/s.
Q 5.1-1.13
Gw 0.000762
Shahverdi et al. D 15
(2020) Di 0.75
S 0.146
L 7-4
Shahverdi etal.  Numerical B 35, 30, 25, 20, 15 » The maximum efficiency was obtained as 90.83%. 91
(2020) N 1
Q 1220
Gw 0.00762
D 1.32
Di 0.761
S 1.39 « The best values for the ratio of inner diameter to outer diameter,
Shahverdi et al. Numerical L 4.53 ratio of pitch to outer diameter, angle of inclination and number of o1
(2023) B 22 blades are in the ranges of 0.43-0.56, 1-1.2, 20-22.5, and 2-4,
N 3 respectively.
Q 536
Gw 0.002
D 0.564
Di 0.302
S 0.972 . o -
) L 3.203 . Efflmency is hlgh!y depem_ie.nt onvthe filling of buckets. 100%
Alonso-Martinez Numerical B 29 f||||n_g provides the highest efficiency ideally. I_-io_wever, due to screw 90
et al. (2020) N 1 rotgt!on, overflow losses occur above 85% filling, and the turbine
H 194 efficiency decreases.
Gw 0.003
\ 40-100
Ro 0.0957
Ri 0.0478
S S 0.1914 » The screw shape has no effect of performance in lower flows. It ass
traalsund etal. gy eimental L 0.766 ignificant effect in higher fl 75
(2018) xperimental . significant effect in higher flows.
B 29.1,20.6
N 4
Q 12,10,7.5,4
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Table 2. Characteristics of installed Archimedes screw turbines

Location United Kingdom France Switzerland United Kingdom United Kingdom  United Kingdom
Capacity (m%sec) 2x10.4 2x7.45 35 45 0.8 2x6.5
Head (m) 2 1.95 35 3.2 4.7 3.45
Power output (kW) 2x157 2x108 90 101 25 2x164
Year (-) 2011 2013 2010 2011 2013 2015
Diameter (m) 4 3.8 2.8 3 - 3.7
Number of households (-) 400 - 500 - 100 - - 400
Length (m) 6 - 10 8.5 11 -
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