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Research problem

Currently, in the literature, there are no general guidelines for the optimal hydraulic design of Archimedean screw turbines (AST) used in hydrokinetic applications. Therefore, this study is aiming at selecting the most
significant geometric factors, such as the diameter ratio between the inner (D;) and the outer (D,) diameters (i.e.,D;/D,), the axle length (L) and the blade stride (p), influencing the AST performance by using a central
composite face-centered (CCF) experimental design combined with the response surface methodology (RSM). The statistical analysis of variance (ANOVA) identified with a significance level of 0.05 that the most significant
variables on the performance of the turbine were p and D;/D,. The AST efficiency was evaluated by means of the power coefficient (Cp), which was calculated using computational fluid dynamics (CFD) methods coupled to
the 6-degrees of freedom (6-DoF) approach. The second-order polynomial model was used to predict the Cp and the coefficient of determination (R?) was found to be 97.4%.
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Material and methods
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treatments.

0.3059, 0.9239 and 0.2571, respectively.

Conclusion I

The AST performance was evaluated using numerical simulations through ANSY's Fluent software combined
with RSM. The use of these statistical techniques facilitated the evaluation of several independent geometric
parameters, such as L, P and D;/D,, on Cp. The significance of the independent variables and their
interactions were studied and tested through ANOVA.

A second-order quadratic model was built to predict the responses. The regression analysis results revealed
that the most significant factors for the measured response were D;/D,, and p. With regard to the model terms
L,L*p,p*pandp * (D;/D,) were found to not affect in a significant way the Cp of the AST. R? and Rad]
values for the regression model were found to be 97.4% and 95.8%, respectively. In turn, the p-value
associated with the regression model (p-value lower than 0.05) indicated that the second-order regression
model was highly significant and reliable at a confidence interval of 95%. By understanding the interaction
between variables is helpful to achieve the largest Cp. The optimal geometric values for L, p, and D; /D, were
0.30 m, 0.12 m, and 0.2, respectively. Under these optimal conditions, the maximal Cp was 0.5063.

The results showed that DoE coupled with RSM was a suitable statistical technique for optimizing the
geometric parameters involved in the design of an AST to maximize the turbine Cp.
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Nomenclature
DD, is between the inner D,) di P output

pis the blade stride
Lis the axle length

Cp i the power coeficient
pis the fluid density

Vi the incoming velocity

s the angular velocit

My is the total hydrodynamic moment acting on the turbine blade
Myis for

ofthe turbine

Jpect to the longitudinal axis of the screw




