Accepted Manuscript =

Renewable Energy

AN INTERNATIONAL JOURNAL

s Kalogirou

Full scale behavior of a small size vertical axis wind turbine

Luisa Pagnini, Giuseppe Piccardo, Maria Pia Repetto

PIl: S0960-1481(18)30440-3

DOI: 10.1016/j.renene.2018.04.032
Reference: RENE 9990

To appear in: Renewable Energy

Received Date: 28 August 2017

Revised Date: 11 March 2018

Accepted Date: 09 April 2018

Please cite this article as: Luisa Pagnini, Giuseppe Piccardo, Maria Pia Repetto, Full scale
behavior of a small size vertical axis wind turbine, Renewable Energy (2018), doi: 10.1016/j.renene.
2018.04.032

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to
our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form.
Please note that during the production process errors may be discovered which could affect the
content, and all legal disclaimers that apply to the journal pertain.




O© 00 N o U b~ W N B

=
o

11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37

Full scale behavior of a small size vertical axis wind turbine

Luisa Pagnini?, Giuseppe Piccardo®, Maria Pia Repetto®
aDICCA — Polytechnic School, University of Genoa, Genoa, Italy, luisa.pagnini@unige.it
"DICCA - Polytechnic School, University of Genoa, Genoa, Italy, giuseppe.piccardo@unige.it

°DICCA — Polytechnic School, University of Genoa, Genoa, Italy, repetto@dicca.unige.it

Abstract

This paper shows the on-going experimental campaign carried out over a small size vertical axis wind turbine
in the facility of the Savona Harbor. Investigations mainly concern two issues: power production assessment
and full-scale structural behavior. The first one highlights the importance of a deep knowledge of the local
orography and of the wind characteristics (e.g., turbulence intensity); in the absence of reliable wind data it is
impossible to properly estimate the performance of the system. The latter allows to identify the possible critical
aspects of the structural system (e.g., in terms of resonance conditions) and to investigate the actual dynamic
behavior (e.g., in terms of dissipative capacity), necessary for assessing the useful life. The paper points out
how these two issues are closely related. Results obtained can provide indications suitable for improving future

installations.

Keywords: Damping ratio estimates; Experimental power curve; Small size wind turbines; Turbulence

effects; Vertical axis wind turbine (VAWT),; VAWT identification

1 Introduction

The large interest attracted by the exploitation of wind energy [1] has brought into being an extensive scientific
literature on large wind turbines based on a well consolidated technology (e.g., [2],[3]). Turbines having a
rated power of 8 MW are now operational and the trend marks a steady growth in the size of the installations.
At the same time, the increased attention in distributed power generation for smart cities as well as for green
buildings has been accompanied by a large interest in micro and small wind turbines ([4],[5]). Being an
appropriate tool for small-scale distributed power generation, they look very attractive either in standalone or
grid connected configurations, integrated with other renewable sources (e.g., [6],[7]) or into the building design
(e.g., [8],[9]). However, this interest has not been accompanied by adequate technological improvement, so
that applications often do not prove effective in full scale conditions and are hardly competitive compared with
other sources of green energy generators. In particular, the exploitation of small turbines usually faces several
shortcomings concerning both the actual energy production and the structural safety. The former is often less
than expected, as the definition of the technical data is usually obtained from wind tunnel tests carried out in
smooth flow, which does not allow reproducing the actual behavior in atmospheric boundary layer during the

operating conditions. Research on novel solutions seems promising for improving their starting features (see,
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