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Increasing hosting capacity from PV and wind power plants using spatial and temporal
demand side management

Dimitrije Kotur, Teaching and Research Assistant, University of Belgrade - School of
Electrical Engineering

Correcting forecast deviations uncertainty for wind turbine generating power by properly
sized energy storage
Pavle Daki¢, PhD Student, University of Belgrade - School of Electrical Engineering

Free wind operation of wind turbine for permanent power system frequency support
Zeljko Durisi¢, Assistant Professor, University of Belgrade - School of Electrical
Engineering

Optimised energy management strategy for wind plants with storage in energy and
reserve markets
Amaia Gonzalez Garrido, Researcher, |IK4-lkerlan

Increasing the value of offshore wind by integrating on-board energy storage
Daniel Buhagiar, Post-Doc Researcher, University of Malta

Impact of the hybridization of renewable generation and storage assets on the future
electricity systems
Lars Christian Christensen, Chief Specialist, Vestas Wind Systems

Conceptual design of pumped-storage hydro power plant on Skadar Lake in Montenegro
Katarina Seleni¢, Student, University of Belgrade - School of Electrical Engineering

Towards 100% renewables: market and system operation practices
Hannele Holttinen, Operating Agent, IEA WIND Task 25

Increasing coverage for renewables through wind, PV and energy storage hybridization
Enrique Iriarte Madurga, Innovation - Projects Director, Acciona Energia

Hybrids enhancing capacity factors and more optimal use of existing grid infrastructure
Amelie Wulff, Global Sales Leader Hybrid Solutions, GE Renewable Energy

Price capturing in Spain: taming wind farm merchant risk
Alexander Klein, Technical Advisor, Everoze Partners

IEA Wind Task 36 Forecasting
Gregor Giebel, Senior Scientist, DTU Wind Energy



PO070

PO071

PO072

PO073

PO077
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Your prediction algorithm needs the right threshold
Juan José Cardenas, Chief Research Officer - Data Scientist, Smartive
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PO092

PO093

PO095

PO096

PO097

PO098

PO099

PO100

PO101

PO103

PO104

PO107

PO108

PO109

PO110

PO111

Data to action: advanced analytics applied to asset management
Jesus Vita, Vice President - Business Development EMEA, Power Factors
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Enhanced modelling of the stratified atmospheric boundary layer over steep terrain for
wind resource assessment

Alex Flores-Maradiaga, Assitant Professor & Head of the Hirschmann Renewable Energy
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variability in Cyprus
Konstantinos Gkarakis, Energy Engineer, University of West Attica
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Abstract. The aim of the study is to analyse and characterize the primary vortices produced by
single low profile vane-type vortex generators (VGs) of different heights positioned on a flat
plate with a backward-facing ramp and adverse gradient pressure for an incident angle of 15°.
The effect of the vortex generator is implemented by using a source term in the Navier-Stokes
equations according to the so-called jBAY source term model. In order to carry out the
parametric study of the primary vortex, Computational Fluid Dynamics (CFD) simulations
have been performed for different VG heights using the Navier-Stokes equations at a Reynolds
number of Re @=9100 based on the local boundary layer momentum thickness € in open-
source code OpenFOAM. As a preliminary result, the jJBAY model reproduces relatively well
the streamwise pressure coefficient distributions on the flat plate floor. Finally, the advantage
of using this model over a fully mesh-resolved vortex generator model for certain cases must
be remarked because a lower number of cells is needed in the model domain with a saving of
computational time and resources.

1. Introduction

Flow separation control and the energy losses associated with the boundary layer (BL) have emerged
as a key point in certain industrial fluid dynamics applications. The flow separation from a continuous
surface is governed by the adverse pressure gradient and the viscosity. If the flow must remain
attached to the wall, the stream should have enough energy to overcome the adverse pressure gradient,
the viscous dissipation along the flow path and the energy loss caused by the modification in
momentum. If the loss is such that further advancement of the fluid is no longer possible, then the flow
separates from the surface.

Vortex generators (VGs) are passive devices to control flow which are able to change the motion
performance of the fluid in the BL region. VGs are small vanes not aligned with the oncoming flow
and they act by exchanging momentum from the distant flow region to the wall-closed inner region.
Triangular and rectangular conventional VGs have been implemented onto wings of airplanes (Figure
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Abstract

The aim of the study is to analyse and characterize the primary vortices produced by single low profile vane-type vortex generators (VGs) of different
height positioned on a flat plate with a backward-facing ramp and adverse gradient pressure for an incident angle of 152. The effect of the vortex
generator is implemented by using a source term in the Navier-Stokes equations according to the so-called jBAY source term model. In order to carry out
the parametric study of the primary vortex, Computational Fluid Dynamics (CFD) simulations have been performed for different VG heights using the
Navier-Stokes equations at a Reynolds number of Re =9100 based on the local boundary layer momentum thickness in open-source code OpenFOAM. As
a preliminary result, the jBAY model reproduces relatively well the streamwise pressure coefficient distributions on the floor. Finally, the advantage of
using this model over a fully mesh-resolved vortex generator model for certain cases must be remarked because a lower number of cells is needed in the
model domain with a saving of computational time and resources.

Objectives

The main goal of this study is to analyze and characterize the primary vortices produced by single low profile vane-type vortex generators (VGs) of
different heights positioned on a flat plate with a backward-facing ramp and adverse gradient. The implementation of the vortex generator in the CFD
simulations is carried out by means of the so-called jBAY source term model proposed by Jirasek [1] into the open source OpenFOAM code. As a
secondary goal, we want to investigate how well the CFD simulations are able to mimic the physics of the flow behind a series of vortex generators (VGs)
mounted on a three-dimensional flat plate with a backward-facing ramp and adverse pressure gradient, Fernandez-Gamiz et al. [2].

Methods

In the current work, the jBAY source term model by Jirasek [1] based on the BAY model developed by Bender et al. [3] is implemented. The BAY model was
designed for simulating vane-type vortex generators into finite volume CFD codes and allows substituting the VG geometry by a subdomain of similar size
at the original VG location where a specific body force distribution is then applied. In the Figure 2, the selected cells where the body force will be applied
are indicated. The model is incorporated into the CFD code as a source term in the Navier-Stokes momentum and energy equations.

1 — Figure 2. Selected cells
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Figure 1. Description of the computational domain representing the
extended wind tunnel test section. The domain dimensions are
expressed in meters.
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Conclusions

The generation of vortices and their effects by single low profile vane-type vortex generators of different heights positioned on a flat plate with a
backward-facing ramp and adverse gradient pressure has been successfully carried out by CFD simulations using the OpenFOAM code in a preliminary
approach. The influence of these vortex generators (VGs) on the computational domain flow is implemented by using a source term in the
corresponding Navier-Stokes equations according to the so-called jBAY source term model.
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