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Activities

Research

Techno-scientific publications

Public and private support for Research and Development (R&D) Projects
Training of research staff

Official Research Master degrees

Official Doctorate Program

Organisation of scientific events
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Registrations and patents



Organisation and Structure
Research divisions

————— Evolutionary Computation
Advanced Numerical and Applications : :
_ Quality, Efficienc
Algebra Division (CEANI) and Sustainabily
Division (ANA) Division (CES)

P —— P ——
Computational Oceanography Discretization
and Robotics and Applications
Division (ROC) Division (DCA)
—_—

N\

-_—
- ——

Continuum Mechanics Thermal Engineering
and Structures and Instrumentation
Division (MMC) Division (ITI)
- e ————l



Wind fields, air pollution and
solar radiation forecasting over
complex terrains

Activity

Discretization and Applications
Advanced Numerical Algebra

MEC/MINECO and FEDER projects
REN2001-0925-C03
CGL2004-06171-C03
CGL2007-65680-C03
CGL2008-06003-C03
CGL2011-29396-C03-01

UNIVERSIDAD DE LAS PALMAS

DE GRAN CANARIA http://www.dca.iusiani.ulpgc.es/proyecto2012-2014



http://www.dca.iusiani.ulpgc.es/proyecto2012-2014

Research Lines

“Discretization and Applications” and “Advanced Numerical Algebra”

O Three-dimensional modeling and simulation of wind fields

O Automatic generation of triangle and tetrahedral meshes

O Solving large sparse systems of equations

d Combination of the wind model with forecasting meteorological models,
air pollution and forest fires.

O Development of a solar radiation numerical model

O Numerical simulation of oil fields

O Parallel software

O Domotic systems.



Research Lines
“Discretization and Applications” and “Advanced Numerical Algebra”




Research Lines
Tetrahedral mesh of Gran Canaria island ~laYal
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Wind Field for Air Quality Simulation
Mesh adaptation to geometry and gaussian pollutant plume =lata]
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UNIVERSIDAD DE LAS PALMAS
DE GRAN CANARIA

Activity

Mesh generation
and
systems of equations

Discretization and Applications

Advanced Numerical Algebra

Period 17/05/2012- 28/02/2015

Funding 1.350.000 US$

Numerical simulation of oil fields

Sectoral Fund CONACYT-SENER-HIDROCARBUROS of the
Government of Mexico with registration number 163723
with Petrosoft company.

Financed by PEMEX: 5.000.000 US$.
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Mesh Generat
Meccano Method




Octree Approximation of an Oil Field
Petrosoft Project (México)




Octree Approximation of an Oil Field
Petrosoft Project (México) =lata]




Tetrahedral Approximation of an Oil Field
Petrosoft Project (México) =lata]




Dynamic behaviour of dams, piles
and structures

Activity

Continuum Mechanics and Structures

MEC/MINECO and FEDER projects
DPI12001-2377- C02-02
BIA2004-03955-C02-02
BIA2007-67612-C02-01
BIA2010-21399-C02-01

UNIVERSIDAD DE LAS PALMAS
DE GRAN CANARIA



Research Lines

Continuum Mechanics and Structures

Numerical modeling of elastodynamic and poroelastodynamic problems
Soil-structure dynamic interaction problems

Seismic analysis of structures

Seismic response of arch dams

Seismic response of foundations

Propagation of acoustic waves

Noise propagation modeling

C 0O 0 0 0 0 0 O

Acoustic screens



poroelastic
sediment

reservoir with sediments
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Research Lines
Continuum Mechanics and Structures
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Research Lines




Robotics, marine remote sensing and
biometrics

Activity

Computational Oceanography and Robotics

MEC/MINECO and FEDER projects
P1 2007/039

TIN2008-06068

Pl 2010/0062

MAC 2007-2013

UNIVERSIDAD DE LAS PALMAS
DE GRAN CANARIA



Research Lines
Computational Oceanography and Robotics

g
‘", GOBIERNO MINISTERIO
(%32~ DEESPANA DEFOMENTO

Image by Dan Crowell

O Robotics
O Route planning for subaquatic gliders

0 Remote sensing applications (Marine Meteo NW Africa, Telecan)




Research Lines
Computational Oceanography and Robotics

| Skip to Content | Home | Log in |

Challenger Mission

Challenger Mission

W TELEDYNE
WAEH I SEARCH PL

0 I\ummﬁ ¥ [®OS
PHASE ONE: Reykjavlk to Las Palmas

W W e

Ll = |-COOL MISSION BLOGS

Australian Adventures 2011
Axial Seamount Cruise
Challenger Mission
Oceanography House
Undergraduate Operations

Pk HISTORIC BLOGS

Across the Pond
Antarctic Blog
Atlantic Crossing
Espresso & Biospace
Flight to Halifax
Middle atlantic Bight
MNORUS

B IDFT BAdmA Frnie s N



Research Lines

Computational Oceanography and Robotics ~[aYal




Research Lines

Computational Oceanography and Robotics

0 Computer vision and biometrics
O Monitoring and identification of persons and animals in video
O Automatic estimation of gender and age

% Plaper [LOCOMOTOR ACTIVITY.AVT]

O Behaviour analysis in video



http://youtu.be/FsmJRvahFWg
http://youtu.be/FsmJRvahFWg

UNIVERSIDAD DE LAS PALMAS
DE GRAN CANARIA

Activity

Reliability and maintainability
Geo-temporal systems for data processing, analysis
and decision-making assistance system

Evolutionary Computation and Applications

CDTI/MICINN/MINECO, FEDER, EUROPEAN projects
BRRT-CT-5034

DPI2001-3570

CENIT-E, MARZ2



Research Lines

Evolutionary Computation and Applications

Renewable energies
Risk analysis. Vulnerability. Reliability
Contingency plans. Action protocols

a
a
a
O Geo-temporal platforms of data acquisition and analysis
O Stereo display and 4D visual monitoring software

a

Design of Unmanned Aerial Vehicles (UAVs) for security and emergency
applications

O Integration of equipment in UAVS

O Design of action protocols with UAVs



Research Lines

Evolutionary Computation and Applications

September 2009 - March 2013

Collaboration agreement among Iberdrola Ingenieria
y Construccion S.A.U., the research organisation
CEANI (SIANI-ULPGC) and the entity Fundacion
Universitaria de Las Palmas CENIT-E project ‘Leaders
in ocean renewable energies’ OCEAN LIDER

July 2009 - March 2013

Collaboration agreement among Nuevas Estrategias
de Mantenimiento S.L., the research organisation
CEANI (SIANI-ULPGC) and the entity Fundacion
Universitaria de Las Palmas CENIT-E project ‘Leaders
in ocean renewable energies’ OCEAN LIDER

Financing entity: CDTI-MICINN; Spanish Government

“

'IBERDROLA
'|.'|'|'||'|'l| nstruccon
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Research Lines

Evolutionary Computation and Applications

Design, development and operation of a
comprehensive crisis management system (SIGE) to
face pollution incidents by hydrocarbons affecting the
marine environment (Applications in Galicia and the
Canaries)

Financing entity: MINECO; Spanish Government

Subprogramme INNPACTO 2011: National public-private
cooperation programme for R&D&I projects targeted on
products, processes and services with a clear focus to
results and based on demand.
Total budget 1,4 M€, 2,5 years (2011-2013)

956 k€ financed

900 k€ of subsidy, loan and/or repayable advance
FEDER

. Unién Europea
INNPACTO -
.' Invertimos en su futuro




Themodynamics and physicochemical
of fluids

Activity

Thermal engineering and instrumentation

MEC/MINECO, FEDER, EUROPEAN projects
GR88-0077
PB89-0508
JOU2-CT92-0060
PB92-0559
JOU3-CT95-0009
PB95-0025
PPQ2000-0235
PPQ2003-04404
CTQ2005-24273
CTQ2006-12067
CTQ2009-12482
CTQ2012-37114

UNIVERSIDAD DE LAS PALMAS
DE GRAN CANARIA



Research Lines

Thermal Engineering and Instrumentation

O Experimentation on the physicochemical behaviour of fluid substances
O New models for experimental data processing
O Mathematical modeling of fluids (pure or mixed) behaviour
0 Advanced studies on the behaviour and the structure of the fluid matter
O Correlations using advanced algorithms

O Instrumentation

O Improvement of the available instrumentation, automation of experimental systems to
operate continuously

O New designs of equipments
O Simulation of experimental processes



Research Lines
Thermal Engineering and Instrumentation




Integration of renewable energies
Models for prediction and management of power
demand in electrical grids

Activity

Quality, Efficiency and Sustainability

UNIVERSIDAD DE LAS PALMAS
DE GRAN CANARIA



Research Lines

Quality, Efficiency and Sustainability

Integration of renewable
energies in the electrical
generation mix

Demand Side
Management (DSM)




Research Lines

Quality, Efficiency and Sustainability sSiaNl

Management Prediction

Production

Demand

A 4 Experimentation Laboratory for testing and

TAFAT .
- analyzing research procedures




Research Lines

Quality, Efficiency and Sustainability

Millener

Modeling and simulation of the Reunion Island in order to analyse the impact on the
grid of the introduction of photovoltaic panels and batteries in housing.

Project contracted by EDF R&D (participating EDF R&D, EDF SEl, Edelia, Schneider,
BPLG, DeltaDore, Tenesol, Saft) 30,2 Meuros (ADEME finances 7,2 Meuros)




Postgraduate Programs

Official Research Master Degrees and Doctorate Program

@ estudios Oficiales de Posgrado

Masteres Oficiales con acceso directo al Doctorado

Oportunidad de participar en proyectos |+D+i
INSTITUTO UN IVERSITARIC Programa propio de becas

Practicas en laboratorios de investigacion

Plan de formacion personalizado

IHGEN IERIA COMPUTACIONAL

Master Universitario en Sistemas
Inteligentes y dplicaciones
Numeéricas en Ingenieria

» Robética y vision por computador

# Domética y edificios inteligentes

* Mineria de datos y supercomputacion

# Modelizacién dindmica de estructuras
= Optimizacion en ingenieria

= Evaluacion de energias renovables

» Modelos de contaminacién e incendios
* Gestion de riesgos

Master Universitario
en Eficiencia €nergética

Disefio de sistemas e instalaciones eficientes
Formacién en gestidn de proyectos de I+D+i
Marco legislativo

Lineas de investigacion en los sectores de
produccién y gestion de la energia, las
instalaciones y la edificacién

Doctorado en Tecnologias de Telecomunicacién
e Ingenieria Computacional

M +informacion

" UNIVERSIDAD DE LAS PALMAS
DE GRAN CANARIA




Video of the University Institute SIANI
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INSTITUTO UNIVERSITARIO
INGENIERIA COMPUTACIONAL

ANIVERSARIO
1989-2014




SiANI

INSTITUTO UNIVERSITARIO
INGENIERIA COMPUTACIONAL

Three-dimensional simulation of wind fields and

air pollution over complex terrain

A. Oliver®  E. Rodriguez®, J. Ramirez®, J.1. Lopez™, M. Brovka®, J.M. Escobar®, J.M. Cascén@,
F. Diaz®, G.V. Socorro®, G. Montero®™ and R. Montenegro®*
(@ University Institute SIANI, University of Las Palmas de Gran Canaria, Spain
(2 Department of Economics and History of Economics, University of Salamanca, Spain

CEID Annual Seminar 2014, LUT, Lappeenranta University of Technology,
27t May, 2014, Lappeenranta, Finland

MINECO y FEDER Project: CGL2011-29396-C03-00
CONACYT-SENER Project, Fondo Sectorial, contract: 163723

UNIVERSIDAD DE LAS PALMAS

http://www.dca.lusiani.ulpgc.es/proyecto2012-2014



http://www.dca.iusiani.ulpgc.es/proyecto2012-2014

Avances en Simulacion de Campos
de Viento y Radiacion Solar

§

Tplc " GOBERNO  MINSTERIO
SHR. T DEESPANA  DEECONOMIA
4 ¥ COMPETITIVIDAD

Ministerio de Economia y Competitividad y FEDER
Referencia: CGL2011-29396-C03-01

Descripcion Plazo de ejecucion: 01/01/2012 - 31/12/2014

Objetivos B

Investigadores Descripcion del proyecto

Resultados (g
Links de interés Este Subproyecto de Investigacion de la Ilnivrars‘iilatl de Las‘ F'almas‘ (In‘a {'iran {"anaria titulmln “Avam -‘as‘ en Qimulan iﬁn de {"ampns‘

de Viento y Radia ‘
Avanzadoes para Gestion Medioambienta

_ Competitividad y FE[iER a través de la
Articulos Cientifica, Desarra

Congresos

Libros y capitulos

Otras publicaciones



http://www.dca.iusiani.ulpgc.es/proyecto2012-2014

Contents

Wind forecasting over complex terrain

 Motivation, Objective and Methodology

d The Adaptive Tetrahedral Mesh (Meccano Method)

d The Mass Consistent Wind Field Model

J Results

d Comments




de Gran Canaria
















Wind Field Simulation over Complex Terrain

Motivation

5 m/s 7 m/s 5 m/s

1 km




Wind Field Simulation over Complex Terrain

Motivation

| 1 km |
1 m/s
9 m/s
<
/\
?m/s
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Wind Field Forecasting over Complex Terrain

Objective and Methodology

d Obijective:

O Construct a 3-D adaptive finite element mass consistent model for
improving local wind forecasting

d Methodology:

O Wind field forecasting by using a mesoscale meteorological model,
MM5, WRF, HIRLAM, HARMONIE, ... (resolution of kilometers)

O Interpolation of these results in the real domain (adaptive tetrahedral
mesh). Horizontal and vertical interpolation from wind data (it can be
experimental or forecasted data)

0 Wind field adjusting to the interpolated field by using the mass
consistent model (resolution of meters)



Wind Field Forecasting over Complex Terrain

Wind3D Code (freely-available) siAanl
http://www.dca.iusiani.ulpgc.es/Wind3D/

 Configuration

. Tetrahedral
Mesh

Wind Data

NetCDF
Preprocess


http://www.dca.iusiani.ulpgc.es/Wind3D/

©) Wind3D: Wind3D - Mozilla Firefox

File Edit Wjew History Bookmarks  TJools  Help

| @ Pagina del provecto | E modelo meteoroldgico mesoscala - Googl.. | "'1{' wind 30 Wind3D x| +
vy, dea iusiani ulpge. eswind 30 en) C B = madela meteoraldgica mesoscala ‘;. ¥+ &
P Mast Yisited | H Gettmg Started | . | Hotmail gratuito L Sitios sugeridos : _1 Wuelos Baratos - Ofert. . '\-'uelos Baratos - Ofert. .
Wi d3D o
Mass consistent wind field computation
Data Structures | Files Q-
Wind3D —
Wind3D
Data Structures
Files
File List H
Globals IntrOdUCtlon Table of Contents
All Wind3D is a software that simulates a 30 wind field over complex terraing using an adaptive mass consistent Introduction
Functions model. The software can use as forecast weather models results, station measured wind data or an Infarmation
vatiables interpolated wind field. Authars
Licanse
Typedefs
= Download
Enumerations Informatlon fequiramants
Macros ) i How ta cormpile the source code
Title: WWind3D

Registration application number: GC-96-2012.

Redistration entry: 00/ 2012 § 2506

Date: February 23rd, 2012,

Owiner nrganization: Universidad de Las Palmas de Gran Canaria.

Authors

Eduardo Rodriguez Barrera, Gustavo Montero Garcia, Jose Maria Escobar Sanchez, Rafael Montenegro
Armas, Albert Oliver Serra

License

s Inicio @ as - ENCTA ien... | T LasPal

Usze

Configuration file format
Parameters

Mesh file forrnat

wind file forrmat
Stations wind file format
Forecast wind file format
Interpolated wind file formnat

Rugosity file format

Output points file format

Acknowledgements

Cite

W
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http://www.dca.iusiani.ulpgc.es/Wind3D/

The Adaptive Mesh
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Refinement

Untangling & Smoothing




Meccano Method for Complex Solids

Key of the method: SUS of tetrahedral meshes
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Meccano Method for Complex Solids

Algorithm steps

Meccano construction

Parameterization of the
solid surface

Coarse tetrahedral mesh
of the meccano

Solid boundary approximation

Inner node relocation

Simultaneous
untangling and smoothing

Solid
boundary
partition

Partition into
hexahedra

Kossaczky’s
refinement

Coons patches

SUS

Floater’s
parameterization

Hexahedron
subdivision into
six tetrahedra

Distance evaluation




16t IMR (2007)





































Local Refinement: Kossaczky’s Algorithm (JCAM 1994)

Refinement of a cube =lala]
http://www.alberta-fem.de/, ALBERTA code

O Initial cube and its subdivision after three consecutive tetrahedron bisection




Surface Parameterization of M.S. Floater (CAGD 1997)

From a the I-th solid surface triangulation patch to the i-th meccano face
http://www.sintef.no/math software, GoTools from SINTEF ICT

Fixed boundary nodes,

Q'x :Zj }"j,k Q’;




Simultaneous Untangling and Smoothing (CMAME 2003)

Case of plane triangulations

Local optimization

Free node New position for
the free node

Local mesh Optimized local mesh
e



Simultaneous Untangling and Smoothing (CMAME 2003)

Weighted Jacobian Matrix on a Plane =lala]
Reference Physical I_deal
triangle A y triangle y triangle
2 -1
S =AW
2 (xl—x0 XZ—XOJ /\ 2
A=
Yi= Y Y2—Yo
t 0
R 1 t
®
0 1 X X 0 1 X
W
S : . :
{, ==t S=AW™: Weighted Jacobian matrix
. . . |S|| = /tr (STS)
An algebraic quality metric of t 20 1 _
gq= where:

(mean ratio) H5H2 - ; o= det(S)




Simultaneous Untangling and Smoothing (CMAME 2003)

Local objective function for plane triangulations =lala]
SUS Code: Freely-available in http://www.dca.iusiani.ulpgc.es/proyecto2012-2014

[l
Original function: K(X) = Z m
m=1 20—”’1
15}
Modified function: K*(x) — Az/l" ||Sm||2 U
| m 12h (Gm)

h(o) = 3(c+ Vo2 +4682)

Modified function (blue) is regular in all R? and it
approximates the same minimum that the original
function (red). Moreover, it allows a simultaneous
untangling and smoothing of triangular meshes

\ ‘J The extension to tetrahedral meshes is straightforward:
— _ ISl

wlro

S o " (o)




Meccano Method for Tetrahedral Mesh Generation

Madrid: Centro Nacional de Informacion Geografica, step 25 m
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http://www.cnig.es/

Meccano Method for Tetrahedral Mesh Generation
The Mesh Generation Code (Prototype)




Meccano Method for Tetrahedral Mesh Generation
The Mesh Generation Code (Prototype)




Meccano Method for Tetrahedral Mesh Generation
Madrid: Elevation between 416 m and 2430 m sianl




Meccano Method for Tetrahedral Mesh Generation
Madrid: 171911 nodes on the terrain surface sianl




Meccano Method for Tetrahedral Mesh Generation
Madrid: Elevation between 416 m and 2430 m sianl




Meccano Method for Tetrahedral Mesh Generation
Madrid: 171911 nodes on the terrain surface sianl
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Meccano Method for Tetrahedral Mesh Generation

SiAaNli
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Meccano Method for Tetrahedral Mesh Generation
Madrid: 3-D domain; the upper plane is placed at 10 km sianl




Meccano Method for Tetrahedral Mesh Generation

Madrid: Tetrahedral mesh with 824.379 nodes and 3.569.164 tetrahedra =aYal
Omin = 0.-17 ;  OQpean = 0.77 ;  only 3 tetrahedra with q < 0.3




Meccano Method for Tetrahedral Mesh Generation
Application to Gran Canaria Island




Meccano Method for Tetrahedral Mesh Generation
Gran Canaria: The city of Las Palmas de Gran Canaria (Input Data)

H Mallador

.\Mapasitopa_gc_regular.dat 407000.000000 3051800,000000

Buscar... 476500,000000 3127500,000000

100, 000000 \A\JuperficiesiLa_sleta.inp Carnbiar..,

Generar Malla




Meccano Method for Tetrahedral Mesh Generation
Gran Canaria: The city of Las Palmas de Gran Canaria (Orography)




Meccano Method for Tetrahedral Mesh Generation
Gran Canaria: The city of Las Palmas de Gran Canaria (The Mesh)
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Tetrahedral Mesh Quality Curves

La Palma Island
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The Wind Field Model
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observed wind, which is obtained with horizontal interpolation and
vertical extrapolation of experimental or forecasted data.

be a domain with boundary T°
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Mass Consistent Wind Model

Construction of the observed wind




Mass Consistent Wind Model

Construction of the observed wind

Vertical extrapolation (log-linear wind profile)

Zpbl

Zsl

u, geostrophic wind

-1

' mixing layer

w(z) = p(z)up(za) + [1 - p(2)]u,

terrain surface




Mass Consistent Wind Model

Construction of the observed wind

- L k(e
e Friction velocity: u” = =
log—m—q)m
<20 1 *
Y [u*|

e Height of the planetary boundary layer: Zpy =

f = 2€) sin ¢ is the Coriolis parameter, being () the Earth rotation and ¢ is the latitude

/}/ Is a parameter depending on the atmospheric stability

e Mixing height:
h = Zpbl in neutral and unstable conditions
1, w| L N
h=~ in stable conditions
f
: _ __ h
e Height of the surface layer: Zg = -—&

10




Mass Consistent Wind Model

Mathematical aspects

Let QcR® beadomainwithboundary T' =T, UT,

uy = (ug, vo, wy) : observed wind, which is obtained with horizontal interpolation and
vertical extrapolation of experimental or forecasted data.

Objective: find the velocity field u that it adjuststo ug verifying
- Incompressibility condition in the domain. V-u =0 in
- Impermeability condition on the terrain: n-u=0 onl,

e Then, u is the solution of the least-square problem: Find U € K verifying

-

E(u) = ryllp E(v)

K={v; V-v=0, n-v

— O} o

r

\ a e




Mass Consistent Wind Model

Mathematical aspects

o Lagrange multiplier technique is used to solve this problem. So, if we introduce

L(V,)\)IE(V)+/)\V°VdQ

Q

its saddle point (u,gb) verifies the Euler-L agrange equations:
—1 o .
—V - (P7'V¢) =V - uy in
—n-P 'Vop=n-u on I,

» =0 on I,

and, finally, the adjusted velocity field isobtainedby: 11 = Ug —+ P_1V¢




HARMONIE Meteorological Model

Introduction

O Non-hydrostatic meteorological model based on HIRLAM
O From large scale to 1km or less scale (under developed)
O Different models in different scales

O Assimilation data system

O Run by AEMET daily
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HARMONIE on Canary islands
(http://www.aemet.es/ca/idi/prediccion/prediccion_numerica)




HARMONIE Meteorological Model

Data interpolation in FE domain: Problems with terrain discretization

HARMONIE FD domain FE domain

Possible solutions for a suitable data interpolation in the FE domain:

= Use U10 and V10 supposing it is 10m over the FE terrain (used in this talk)
= Given a point of FE domain, find the closest one in HARMONIE domain grid
= QOther possibilities can be considered



Estimation of Model Parameters

Genetic Algorithm

Initial FE solution
population IS needed
¢ for each individual
Creation Evaluation of :
of the next ~| the fitness F(a,g,y,j/')z\/iZDU—uO‘iZ—l—‘V—VO‘iZ}
generation function =

T

Operators of:
Selection Stop e L
G oeEETe - — | Best individual
, criterion?
Mutation

:

End




The Results



HARMONIE-FEM wind forecast

RENIS

U Wind field forecasting in Gran Canaria island
U HARMONIE data were provided by AEMET

U The main idea
d Use HARMONIE data as reliable points
4 Adjust the FE wind field to HARMONIE data
U By using genetic algorithms

U Applications to air quality modeling




HARMONIE-FEM wind forecast

Terrain approximation

260 500 750 1000 1250 1500 1750

O Terrain elevation (m) 2e+03




HARMONIE-FEM wind forecast

Spatial discretization

260 500 750 1000 1250 1500 1750

O Terrain elevation (m) 2e+03




HARMONIE-FEM wind forecast

HARMONIE data

U,, V1o horizontal velocities
Geostrophic wind = (27.3, -3.9)
Pasquill stability class: Stable

HARMONIE U,, V,, data points



HARMONIE-FEM wind forecast

Stations election

Used data (2/3 of total)



HARMONIE-FEM wind forecast

Stations election

@ stations
@ Control points

Stations (1/3) and control points (1/3)



HARMONIE-FEM wind forecast

Genetic algorithm results

RMS error

1.8
1.6
1.4
1,2

0,8
0,6
0,4
0,2

10

15 20

Genetic step

25

30

35

Optimal parameter values

Alpha =2.302731
Epsilon =0.938761
Gamma =0.279533
Gamma' = 0.432957




HARMONIE-FEM wind forecast

Wind magnitude at 10m over terrain

FEM wind

\MIIIIIWIIIUIIIIIIII-IOHI

wind velocity (m/s) 11.5




HARMONIE-FEM wind forecast

Wind field at 10m over terrain

FEM wind

Wind velocity (m/s) 11.5




HARMONIE-FEM wind forecast

Wind field at 10m over terrain




HARMONIE-FEM wind forecast

Wind field at 100m over terrain

Geostrophic velocity = (27.3, -3.9) m/s




HARMONIE-FEM wind forecast

Wind field over terrain (detail of streamlines)




HARMONIE-FEM wind forecast

Forecast wind validation (location of measurement stations)




HARMONIE-FEM wind forecast

Forecast wind along a day

C619X measurement station £ T Measaedwnd
g mngnnn Max Measured Wind field

e Resulting wind

0
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25
Time (h)

. 2 e mm e Measured win

C629Q measurement station £ e
E ------- drnnn Max Measured Wind field

g Resulting wind

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25

Time (h)



HARMONIE-FEM wind forecast

Forecast wind along a day

20

C635B measurement station § T s
% ------- s Max Measured Wind field

s Res UltING Wind

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25
Time (h)
16
. % wnmmm omms Measured wind
C639X measurement station <

§ ------- s Max Measured Wind field

g ResUItING Wind

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25
Time (h)



HARMONIE-FEM wind forecast

Forecast wind along a day

14
12 i

10

= nmm e = Measured wind

C639Y measurement station

wind velocity (m/s)

o s Max Measured Wind field

A +.-’ ———ResUulting wind
."-'P B v ] l'—,

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25

Time (h)

14
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oo 4w mm o Measured wind

C649R measurement station

Wind velocity (m/s)
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Velocity Module - 23/12/2009 - 18:00 h

Wind on the terrain surface

Interpolated field from HARMONIE Resulting field with the mass consistent model

Ivl mys
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||| |||| ||||||||||||||||| | || | ||

o 40




Mass Consistent Wind Field Simulation
Streamlines of the interpolated field in Gran Canaria Island
SiANl




Mass Consistent Wind Field Simulation

Streamlines of the resulting field in Gran Canaria Island =lata]




Wind Field for Air Quality Simulation
Gran Canaria; Stacks of JinAmar and Juan Grande =laYa)

Gran Canaria Island




Wind Field for Air Quality Simulation
Mesh adaptation to geometry and gaussian plume =lata]




Wind Field for Air Quality Simulation

Pollutant immission

Immission concentration distribution after 1000 seconds

Primary (SO,) Secondary (SO,)

0.0e+00 1.7e-05 3.3e-05 5.0e-05




Wind Field for Air Quality Simulation

Pollutant isosurface

Isosurface of 50 yg/m? after 1000 seconds

Primary (SO,) Secondary (SO,)



Final Comments

O The proposed approach is suitable for forecasting the wind field
In complex terrain

O Genetic algorithms are crucial to solve the problem

L Wind fields can be used in other areas of interest in earth sciences
e.g. Air Quality
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Final Comments and Future Works
Automatic Construction of the Meccano







Adaptive Isogeometric Refinement

Application in Igea: Poisson problem with a central source =lala]

(:.1'2 +_\“2 +:2)

1 - ) 9 2
Au=—e W —15+x"+y +7z7)] InQ
=0 ( y' +7°)

l"|asz =0

Exact solution:

(.1‘2 +y2+zz)

u=e 10

L‘S) T-spline




Adaptive Isogeometric Refinement
lgea: T-spline of Numerical Solution =lata]

Initial T-mesh

5692 cells, 9304 DOF



Adaptive Isogeometric Refinement

lgea: T-spline of Numerical Solution SiAaNli

Error indicator : 1 ()" = / h’ (f+Au,;,)2 do
JQ,

2nd Jocal refinement
6021 cells, 9807 DOF




Adaptive Isogeometric Refinement

lgea: T-spline of Numerical Solution SiAaNli

Error indicator : 1 ()" = / h’ (f+Au,;,)2 do
JQ,

5th Jocal refinement
6756 cells, 10838 DOF
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