
Author’s Accepted Manuscript

Monitoring a Francis Turbine Operating Conditions

P. João Gomes, Loïc Andolfatto, François Avellan

PII: S0955-5986(18)30239-5
DOI: https://doi.org/10.1016/j.flowmeasinst.2018.07.007
Reference: JFMI1462

To appear in: Flow Measurement and Instrumentation

Received date: 20 June 2018
Accepted date: 27 July 2018

Cite this article as: P. João Gomes, Loïc Andolfatto and François Avellan,
Monitoring a Francis Turbine Operating Conditions, Flow Measurement and
Instrumentation, https://doi.org/10.1016/j.flowmeasinst.2018.07.007

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 galley proof before it is published in its final citable 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.

www.elsevier.com/locate/flowmeasinst

http://www.elsevier.com/locate/flowmeasinst
https://doi.org/10.1016/j.flowmeasinst.2018.07.007
https://doi.org/10.1016/j.flowmeasinst.2018.07.007


Monitoring a Francis Turbine Operating Conditions

João Gomes P. Jr.
a,1,�
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Abstract

Francis turbines are designed for a specific set of operating conditions that

is particular to each hydropower plant site. It allows this type of turbine to

extract as much hydraulic power as possible, as long as they are operating

in the right conditions. For this reason, power plant operators must know

in advance what are the best conditions for operating their generating units

and, naturally, in which exact conditions these units are actually operating.

Detailed information about the turbine behavior in any operating condition can

be obtained by performing measurements in a reduced scale physical model of

the turbine prototype. These tests provide what is known as the turbine hill

chart: a two-dimensional graphical representation of the most relevant turbine

properties showing, for instance, the power output, the discharge, the efficiency

and the cavitation conditions. This paper presents a method to monitor the

operating conditions of a Francis turbine by locating it on the hill chart. To

do so, it requires the generation of polynomial bi-variate functions based on

Hermite polynomials that can calculate the turbine discharge and efficiency

from its guide vanes angle and power output. A test case is presented with a

turbine prototype of 444 MW of rated power operating through a wide range

of operating conditions. The validation is done by comparisons between the

measured and estimated values of gross head, leading to similar values.

Keywords: Francis turbine, Operating conditions, Hermite polynomials,

�

Corresponding author
Email addresses: joao.gomes@epfl.ch (João Gomes P. Jr.), loic.andolfatto@epfl.ch
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