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Design and optimization of the very low head turbine by the “CST” method
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ARTICLE INFORMATION ABSTRACT

Nowadays utilization of hydroelectric power as renewable energy source is developed in the world.
Using very low head axial turbines in rivers is one of the ways to obtain this energy. In this research,
design and optimization of an axial hydraulic turbine with very low head(2.9m) was done. The first step
in the optimization of turbine is generation of a suitable initial geometry. For this purpose one
dimensional design approach based on Euler law was used. Development of computation algorithms is
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ﬁm’ﬁ;ds' very efficient and suitable in hydraulic turbine design and performance investigation. In this research
Very Low Head mesh was generated with mesh-ANSYS software and then the default domain was simulated by solving
Airfoil the 3-D Navier Stokes equations through the runner passages in the CFX software. Optimized geometry
82$m'za“°” is obtained by optimization of Drag to Lift coefficient ratio for different blade midspans. For

parameterization of airfoils, the “CST” method and for extraction of flow characteristics of airfoils
XFOIL software were utilized. Then airfoil coefficients were corrected using fminsearch algorithm in
MATLAB software to minimize the Drag to Lift ratio . The results show that the efficiency in design
point is increased by 2.4%.
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Fig. 2 Flowchart of optimization and coupling of two software

Table 1 Cascade design on radial stations
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Table 3 CST coefficients for base airfoils

adsl slaigdl (6l (ol o l 2 B Jgu

0.1760 0.0023 0.0007 0.0027 0.01244 A NACA
-0.0486 -0.0002 -0.0003 -0.0004 201047 A 2408
0.2042 0.0026 0.0008 0.0031 0.1530 A, NACA
-0.0772 -0.0005 -0.0005 -0.0008 -0.1335 A 2410
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-0.1200 -0.0009 -0.0006 -0.0014 -0.1763 A 2413
0.3597 0.0043 0.0015 0.0053 0.3104 A, NACA
-0.2332 -0.0022 -0.0011 -0.0029 -0.2902 A 2421
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Table 4 Coefficients for optimized airfoils
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Fig. 4 Turbines efficiencies at various flow rates(m®s™) and rotational speeds; (a) base geometry, (b) optimized geometry.
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Fig. 5 Effective Head of turbines at various flow rates(m®™) and rotational speeds; (a) base geometry, (b) optimized geometry.
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Fig. 6 Power of turbines at various flow rates(m®s™) and rotational speeds; (a) base geometry, (b) optimized geometry.
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