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Study on Coupling Gain Effect of Archimedes Screw Turbine Array

GUO Penghua, WANG Yiyuan, ZHANG Dayu, ZOU Hansen

(School of Energy and Power Engineering, Xi’an Jiaotong University, Xi’an 710049, China)

Abstract: Aiming to explore the coupling gain effect of Archimedes screw turbine array and uti-
lize the low-speed current energy in deep water, an experimentally verified numerical model was
developed to study the power coefficient and torque coefficient of Archimedes screw turbines un-
der different arrangements. The results indicate that when the spacing of the parallel array is
1. 3d, the power coefficient and torque coefficient reach peak values due to the coupling effect,
which is the optimal distance of the parallel array. When the spacing of the series array is 5d, the
power coefficient of the downstream turbine recovers to 70% of that of the isolated turbine. After
that, the recovery trend slows down, indicating that the spacing of 5d is the optimal distance of
the series array. The triangular array with reverse rotation can achieve better performance when
the column spacing is 1. 2d due to the coupling gain, and the maximum power coefficient can in-
crease by 8%, improving the energy density. These results can provide reference for optimal ar-
rangements of the Archimedes screw turbine array.
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Table 1 Main dimensions of the Archimedes turbine
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Fig. 1 Geometrical parameters of the Archimedes turbine
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Fig. 2 Computational domain of the Archimedes turbine array
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Table 2 Grid independence test

&l o A% B Cus G
1 615 687 0.361 0.338
2 1337 107 0.373 0. 343
3 3973 336 0.372 0. 348

%3 mEFKLELMEIE

Table 3 Time step independence test

&l BT /s Cu G,
1 0. 040 0.372 0. 335
2 0. 020 0. 367 0. 340
3 0.010 0.373 0.343
4 0. 005 0.373 0. 345
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Table 4 Computational domain independence test

9 AR T L 5 C.. C,
1 0.9 0.376 0. 346
2 1.0 0.373 0. 343
3 1.1 0. 370 0.341
4 1.2 0.368 0. 339
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Fig. 3 Diagram of experimental device
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Fig. 4 Validation of C, between experiment and simulation
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Fig. 7 Streamlines of the parallel array
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