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Desafios e Limitacdes da Modelagem Numeérica na
Avaliacao dos Recursos Edlicos: A importancia da
parametrizacao da rugosidade, topografia e
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CAMARGO SCHUBERT

Roteiro:

A Camargo-Schubert
Escalas na Modelagem da Atmosfera
Desafios e LimitacOes (literatura técnico-cientifica)

Exemplos de Parametrizacao em Microescala
- Estabilidade

- Rugosidade Aerodinamica

- Resolucao espacial em relevos complexos
Consideracdes Finais

Parte 1 — Desafios e LimitacOes

Parte 2 —Exemplo simplificado de
um problema de engenharia
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cavarco schuserr  Gertification of Projects

CAMARGO SCHUBERT has introduced differentiated procedures for
development and certification of wind projects...

= Experience with more than 800 wind measurement towers

= Quality System based on aeronautical industry
standards: focus on reducing uncertainties

= Compliance with international standards: IEC 61400-12-1 and
MEASNET

= C&S-software, Wind Sentinel© for daily monitoring and
early warning of non-conformities to increase recovery rate

= |dentification of potential risks or upside (in case of
due diligence)
= Certification for financing — BNDES, Santander

= Certification for International Rating Agencies —
FltchRatings, Moody’s, S&P

- Analysis
Mesoscale-based interpolation of all Due Diligence and validation = Cross-checking with nearest measured
measured wind data to reduce distance- I Certification of wind data validated by C&S
to-tower uncertainties Reports measurements = lterative determination of atmospheric

thermal stability parameters: diurnal and

Vertical extrapolations: thermal stability
seasonal patterns

effects considered to reduce

uncertainty

Long-term energy yield estimates

based on thorough analysis of all existing

long-term wind references, observing ) -

conservative criteria within Micrositing

calculated uncertainties and Ene_rgy = Mesoscale data runs provided by AWS Truepower,
N Production Microscale run by CAMARGO-SCHUBERT

= Katabatic winds and thermal stability effects
modelled and adjusted by wind data

CAMARGO SCHUBERT

n Long term energy yield data series (20 years):
empirical adjustment of reanalysis data to
mesoscale effects

. ) . . = Wind resource file (for micrositing and energy
= High resolution grid terrain models (ASTER / SRTM / production estimates) matches all measured data

laserscan) . .
= Extensive ongoing investigation of wind and thermal

= Roughness: remote sensing techniques to improve stability effects in complex terrain in Northeast Brazil, using
BT O (R T8 WE 3 3 programmable laser-scanning LIDARS in

» AeroPARK® has added the ability to model Weibull conjunction with 120m and 100m towers
bimodal distributions, diurnal and seasonal contrasting
wind regimes

...aiming at reducing its risk profile and improving bankability
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CAMARGO SCHUBERT
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Figure 6: Main steps in the Energy Yield Assessment process.
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= 18 years detailing the Brazilian wind energy
CAMARGO ScHupert Fesource

The most complete wind database, with over 18 years of measurement,

___________________________

___________________________

CIMIG

___________________________

___________________________

___________________________

___________________________

The Brazilian
Wind Atlas & Eletrobras

___________________________
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CAMARGO SCHUBERT

Experiéncia na Certificacao de Parques Edlicos

- 9.4 GW ou 51.9% dos projetos com energia comercializada no ACR (até 2018)

- Plenamente aceita pelo BNDEs e EPE
- Responsavel pela certificacdao de mais 10 GW em projetos em desenvolvimento

Wind Projects with Energy Certified by C&S
(Proinfa2004 + Wind Energy Auctions 2009-2018)
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O que queremos com a modelagem atmosférica?

Wind power industry and Financial Institutions Componentes da camada-limite planetaria

[ ] |
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Kluwer Academic Publishers

- - - = = === -==-========== | __http://ftp.comet.ucar.edu/ootw/tropical/textbook_2nd_edition/print_6.htm

- Precisamos entender e modelar a variabilidade do vento
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CAMARGO SCHUBERT

A Importancia da pesquisa basica para ciéncias aplicadas e engenharia

- A previsibilidade passa por entender e modelar os processos turbulentos

4 dias

Statistical Movement
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Taxionomia das Escalas na Modelagem Numérica — Industria Edlica

CAMARGO SCHUBERT

Domain size 107 m 10°m 104m 103 m 102 m 10°m
Resolution 6h 1h 1 min 10 seconds 1 seconds 10-2 seconds
105m 10*m 10°m 10'm 10°m 10°m

Atmospheric
boundary
layer

e Structure

wind turbine

Global
circulation

Microscale
local-area

Regional
climate

Site
wind farm

Mesoscale to microscale wind farm
flow modeling and evaluation

Javier Sanz Rodrigo,* Roberto Aurelio Chavez Arroyo,' Patrick Moriarty,?
Matthew Churchfield,? Branko Kosovic,? Pierre-Elouan Rethore,*
Kurt Schaldemose Hansen,® Andrea Hahmann,* Jeffrey D. Mirocha® and Daran Rife”

Scales

Models

The increasing size of wind turbines, with rotors already spanning more than
150 m diameter and hub heights above 100 m, requires proper modeling of the
atmospheric boundary layer (ABL) from the surface to the free atmosphere. Fur-
thermore, large wind farm arrays create their own boundary layer structure with
unique physics. This poses significant challenges to traditional wind engineering
models that rely on surface-layer theories and engineering wind farm models to
simulate the flow in and around wind farms. However, adopting an ABL approach
offers the opportunity to better integrate wind farm design tools and meteorologi-
cal models. The challenge is how to build the bridge between atmospheric and
wind engineering model communities and how to establish a comprehensive
evaluation process that identifies relevant physical phenomena for wind energy
applications with modeling and i i A for

Qol

model verification, validation, and ty is i to c
guide this process by a systematic evaluation of the modeling system at increasing °
levels of complexity. In terms of atmospheric physics, ‘building the bridge’ means o=
developing models for the so-called ‘terra incognita,” a term used to designate the =
turbulent scales that ransition froem mesoscale to microscale, ThiS range of scales 3 Model evaluation = verification, validation and uncertainty quantificaton (VV&UQ)
within atmospheric research deals with the transition from parameterized to -
resolved turbulence and the improvement of surface boundary-layer parameteri- o
zations. The coupling of meteorological and wind engineering flow models and I.ﬁ \_ )
the definition of a formal model evaluation methodology, is a strong area of
research for the next of wind diti ~ and wind farm ( N
and wind turbine design tools. Some fundamental challenges are identified in
order to guide future research in this area. ©2016 John Wiley & Sons, Lid . 2
] Spatial plannin Resource assessment, Wind farm Wind turbine
Flow w cite this artick: Q P p i 9, . 3 . )
WIREs Encriy Environ 2016. doi: 10.1002hwene 214 g- wind resource variability site suitability design design
9 Y,
INTRODUCTION
Cormapondenc i prodigocnctcom e vt vy sdmap o e I 4 Statistical Engineering Actuator
"National Rencwable Encrgy Centre (CENER), Sarriguren, Spain tional Renewable Energy Agency' shows a 2030 & -
‘National Remesble Emergy Laboratory (NREL), Gelden, SCEnrio with 36% share of rencwable energy in the = coupling _
€O, USA global energy consumption by 2030, doubling the (]
"National Ceater for Atmospherc Research (NCAR), Boulder,  renewable energy use with respect to 2010. This k=]
*Technical University of Deamark (DTU), Roskilde, Denmark climate change tipping point of 2'C increase in
*Techaical University of Denmark (DTU), Lyngby, Denmack global temperature above preindustrial levels by
“Lawrence Lives National Laboratory, Livermore, CA, USA 2100.This scenario envisions wind enengy as the fast.
DNV GL, San Diegn, CA, USA est growing rencwable energy technology to increase
Confict of incerest: The authors have deciared no confliesof ier- (e share of global energy demand from 2% in 2010
et for this article. to 11% in 2030.

© 2016 John Wiley & Sons, Ltd

FIGURE 2 | Wind assessment modeling framework indicating typical model scale ranges, relevant outputs for different applications, and high-
level fidelity levels (the shading indicates the computational cost). All the models share a common model evaluation framework although each
model category has different quantities of interest (Qol) and performance metrics depending on the intended use (application).

Sanz Rodrigo, J., Chavez Arroyo, R. A., Moriarty, P., Churchfield, M., Kosovi¢, B., Réthoré, P. , Hansen, K. S.,
Hahmann, A., Mirocha, J. D. and Rife, D. (2016), Mesoscale to microscale wind farm flow modeling and evaluation.
WIREs Energy Environ, 6: €214. doi:10.1002/wene.214
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Aplicagoes Modelamento Mesoescala Setor Edlico

Geosci. Model Dev., 10, 4229-4244, 2017
https://doi.org/10.5194/gmd-10-4229-2017
© Author(s) 2017. This work is distributed under

Geoscientific 2
Model Development § EGU

the Creative Commons Attribution 3.0 License. Parameterization Scheme Reference
Cumulus Kain—Fritsch Kain (2004)
Land surface NOAH LSM Ek et al. (2003)
Land surface roughness ~ Thermal roughness length  Chen and Zhang (2009)

. . . Microphysics Thompson aerosol-aware ~ Thompson and Eidhammer (2014)
Evaluation of the wind farm parameterization in the Weather PBL MYNN Level 2.5 Nakanishi and Niino (2006)
Research and Forecasting model (version 3.8.1) with Radiation RRTMG Tacono et al. (2008)
meteorological and turbine power data
Joseph C. Y. Lee' and Julie K. Lundquist'

! Department of Atmospheric and Oceanic Sciences, University of Colorado, UCB 311, Boulder, CO 80309, USA
National Renewable Energy Laboratory, Golden, CO, USA
Correspondence to: Joseph C. Y. Lee (chle6805@colorado.edu) 2000 — Free atmosphere
Received: 25 May 2017 — Discussion started: 8 June 2017 a2
Revised: 22 September 2017 — Accepted: 4 October 2017 — Published: 23 November 2017 g

g
Abstract. Forecasts of wind-power production are necessary power penetration (Marquis et al., 201 1) and wind resource ; 5]
to facilitate the integration of wind energy into power grids, To fi power prc i ly at wind > 5
and these forecasts should incorporate the impact of wind- farms, the simulation tools should resolve all physical pro- g =
turbine wakes. This paper focuses on a case study of four di- cesses relevant to the wind field, including possnble |mpacls 8,
urnal cycles with significant power production, and assesses of the wind turbines th C y. 2 the E
the skill of the wind farm parameterization (W FP) distributed memomloglcal effects of wind farms m Nwp models can 000 8
with the Weather R h and Fc ing (WRF) model pi power-pi i -
version 3.8.1, as well as its sensitivity to model configura- Researchers have developed various methods to numer- E
tion. After validating the simulated ambient flow with obser- ically represent wind farms. Via largc-eddy Slmulauons
vations, we quantify the value of the WFP as it accounts for (LESs), some igators assess the
wake imp on power prod of downwind turbines. of wind turbines as well as power producuon (Abkar and
We also illustrate with statistical significance that a vertical Porté-Agel, 2015b; Aitken et al., 2014; Calaf et al., 2010;
grid with approximately 12 m vertical resolution is Churchfield et al., 2012; Jimenez et al., 2007; Mirocha et
for reproducing the observed power production. Further. the al., 2014; Naet al., 2016; Sharma et al., 2016; Wu and Porté-
WEFP overestimates wake effects and hence underestimates ~ Agel, 2011). Simulating wind turbines and their effects in
downwind power production during high wind speed, highly LESs is, while useful, compulauonally expensive, ma.kmg
stable, and low turbulence conditions. We also find the WFP  wind-farm-scale si ble in an of
performance is independent of the number of wind turbines setting.
per model grid cell and the upwind-downwind position of At coarser spatial scales, suitable for global, synoptic, or 1254 3 PM“me osludn:yezlocﬂ)s T 1280 SAM Sunrise
turbines. Rather, the ability of the WFP to predict power pro- mesoscale models, numencally repmsenung wind turbine ef-

Kiuwer Academic Publishers

duction is most dependent on the skill of the WRF model in
simulating the ambient wind speed.

1 Introduction

In recent years, numerical weather prediction (NWP) models
have become an indispensable tool in the wind-energy indus-
try, not only in day-to-day wind-energy production forecasts
(Wilczak et al., 2015), but also to support wide-scale wind-

fects may involve p For ple, re-
searchers have used exaggerated surface roughness to repre-
sent the reduction of wind speed (WS) caused by wind farms
in a global model (Barrie and Kirk-Davidoff, 2010; Frandsen
etal., 2009; Keith et al., 2004). Similarly, the analytical wind
park model of Emeis and Frandsen (1993) considers both the
downward momentum flux and the momentum loss due to
surface roughness. The mv:sed model by Emeis (2010) ac-
counts for the spatially tion coef-
ficient by turbines, and \he become pheric-

stability dependent. However these models omit the consid-

Published by Copernicus Publications on behalf of the European Geosciences Union.

http://ftp.comet.ucar.edu/ootw/tropical/textbook_2nd_edition/print_6.htm

As parametrizacOes sao universais ?
E necessario regionalizar a parametrizacao
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CAMARGO SCHUBERT

Aplicacdes Modelamento Mesoescala Setor Edlico

Applied Energy 135 (2014) 234-246

journal homepage: www.elsevier.com/locate/apenergy

Contents lists available at ScienceDirect

Applied Energy

Sensitivity of the WRF model wind simulation and wind energy
production estimates to planetary boundary layer parameterizations

[ Y.

for onshore and offshore areas in the Iberian Peninsula

D. Carvalho **, A. Rocha*, M. Gémez-Gesteira”, C. Silva Santos “*

* CESAM - Department of Physics, University of Aveiro, Campus Universitdrio de Santiago, 3810-193 Aveiro, Portugal

® Ephysiab, Facultad de Ciendias, Universidad de Vigo, 32004 Ourense, Spain

< CIDEM - Instituto Superior de Engenharia do Porto, Rua Dr. Anténio Bernardino de Abneida 341, 4200-072 Porto, Portugal
4 MEGAJOULE Inovacdo, Rua Eng Frederico Ulrich 2650, 4470-605 Moreira da Mai, Portugal

HIGHLIGHTS

« WRF model near surface wind simulation sensitivity to different PBL and SL parameterizations was assessed.
« Simulations were evaluated using onshore and offshore measured data in the Iberian Peninsula.

Table 2
Physical configuration of the simulations.

Simulation

YMN  MEN  APP QQN

MMN

SL
PBL
LSM

Long-wave radiation
Short-wave radiation
Cumulus
Microphysics

MM5  ETA PX

YSU MY] ACM2

Noah PX
RRTM
Dudhia
Kain-Fritsch
WSM6

QNSE
QNSE
Noah

MYNN
MYNN-2.5

« ACM2-PX PBL-SL schemes provided the best overall results in terms of wind and wind energy flux simulation. Table 3
* QNSE-QNSE PBL-SL schemes presented the best energy flux estimates for offshore areas. Statistics of the comparison between observed and simulated wind data.
« This study provides valuable guidelines for future offshore and onshore wind energy assessment applications.
Area Simulation RMSE Bias STDE R
ARTICLE INFO ABSTRACT Speed (ms™')  Direction (°)  Speed (ms™')  Direction(°)  Speed (ms')  Direction (")  Speed (ms')  Direction (°)
shore 1. L 2 41 1. . X X
Ardcle Nstory: = . e Weather s B T g (WRF) model wind smula i Offshy YMN 85 3859 048 34 78 38.36 0.88 083
ory: is work aims 1o assess t ‘eather and Research Forecasting el wind simulation and wi
Received 13 February 2014 energy production estimates sensitivity to different planetary boundary layer parameterization schemes. TI’EPN :ﬁg ;gjog gjé ;2‘: }3; ﬁ;‘; :: g;:
::’:“"‘:; ‘;’0':““’ “;’0‘:“5 July 2014 Five WRF simulations considering different sets of planetary boundary layer (PBL) and surface layer (SL) N l.sB 33‘] s “'35 l:BI ]'32 38.01 D’B? 083
epe ugust parameterization schemes were performed, and their results compared to measured wind data collected Qal - § - b - . y
at five offshore buoys and thirteen onshore wind measuring stations located in the Iberian Peninsula. The MMN 191 39.09 0.57 4.08 182 38.81 0.87 0.83
- ” objective is to f!elcrmine which of these model cunﬁxuraums produces wind simulations and wind Onshore YMN 2.10 35.02 0.34 035 2.02 34.87 0.79 0.78
WRF oy, ';"’"““"“5 eximares chopest & "‘:’“"‘:’ "I""“' "““ *‘s"h:“'":‘;dm produdtion estimates MEN 203 3555 0.1 ~077 1.96 35.43 0.79 0.77
Pa Noatdany1 lerived from measurements, aiming to provide guidelines for onshore a re wind energy assess- - -~
o bt ment studies focused on areas where measured wind data is not available and numerical modelling is gPQ';‘ ;'?; gf‘,;g Ogg-’ g'gg ;‘?g 33452 g‘gg g‘;g
Wind energy necessary. This work focuses on the Iberian Peninsula, an area with intensive wind energy penetration g - e y . . .
Offshore due toits wind which with its large coastline makes this area a prom- MMN 202 3553 018 0.03 1.96 35.39 0.79 0.77
Onshore ising one for the future installation of offshore wind farms. All sites YMN 197 36.81 0.41 1.53 1.90 36.61 0.83 0.81
The results presented in this work show that, although no major differences are seen among the sim- MEN 1.94 ﬁ 026 059 1.88 H 0.83 m
ulations in terms of wind speed and direction simulation accuracy, in terms of wind energy production - N 3 N - o 3 3
the di are not due to the high of the wind energy production to APP 187 3689 0.14 0.11 1.82 36.71 0.84 081
the wind simulation accuracy. The PBL-SL parameterization set composed by the schemes ACM2-PX is QQN 203 3793 031 0.87 1.96 37.79 0.81 0.78
the one with the lowest errors when compared to observed wind data, when considering all onshore MMN 197 37.31 0.38 2.05 1.89 37.10 0.83 0.80
and offshore sites together. The ACM2 PBL scheme combines features of local and non-local dosure
schemes and the PX LSM scheme provides a better ion of the surface . which
proved to be impy in the model e. However, for offshore sites the PBL-SL parameteriza-
tions QNSE-QNSE produced the best wind energy production estimates.
Due to the close dependence of each PBL and SL scheme performance on the surrounding synoptic con- A H H ~ H H . H
diions 2nd stmaspherkc sabilky, & is expectsd that for giflerent geographical areas andjo tempora Importancia da validagao para academia e indUstria
C e e e
Wind power industry and Financial Institutions
* Carresponding author, Tel: +351 234 370 356; fax: +351 234 378197, I I
E-mail addresses: david.carvalho®uapt (D. Carvalho), alfredorocha®uapt Reference value
(A. Rocha), mggesteira®uvigo.es (M. Gomez-Gesteira), cmiisep ipp.pt, carlos santose
megajoule.pt (C. Sila Santos). I Probabiiy Accuracy |
density
hup//dx.doi org/10.1016/Lapenergy 2014.08.082 I
0306-2619/© 2014 Bsevier Ltd. All rights reserved. I
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Taxionomia de métodos de downscaling para microescala

(- Y - ™
Downscaling (large-scale/mesosacale to micro)
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Sanz Rodrigo, J. , Chavez Arroyo, R. A., Moriarty, P., Churchfield, M. , Kosovi¢, B., Réthoré, P., Hansen, K. S.,
Hahmann, A., Mirocha, J. D. and Rife, D. (2016), Mesoscale to microscale wind farm flow modeling and evaluation.

. J J/

WIREs Energy Environ, 6: e214. doi:10.1002/wene.214
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Protocolo para avaliacdo de modelos em microescala

<

iea wind

WAKEBENCH Model Evaluation Protocol
for Wind Farm Flow Models

First Edition

Edited by:

Javier Sanz Rodrigo

National Renewable Energy Centre of Spain (CENER)

Patrick Moriarty
National Renewable Energy Laboratory (NREL)

IEA-Wind Task 31
April 2015

Microscale ABL /Turbulence Conditions

[ [ Wind Direction ][ Wind Speed ][

Stability

][ ABL height ]

Land Cover

Orography Wind Farm

[ Roughmess change |

[ Flat Terrain / Offshore ] [ Single Wake ]

[ Homogeneous Forest ]

[ Isolated Hill ] [ Double Wake ]

[ Forest Edge ]

[ Escarpment ] [MultlpIeWake]

[ Forest Clearing ]

[ Isolated Moun(aln] [Wmd Farm Wake]

[ Roughness Change + Hil ]

[Farm»Farm Wake]

Non-Homogeneous Forest

Obstacles

Isolated Tree
Isolated Building
Scattered Trees
Street Canyon

Urban Canopy

[ Forest Edge + Single Wake ] [ Single Wake + Building ]

[ Forest + Wakes

] [ Single Wake + Street + Urban ]

[ Forest + Hill

] [ Hill + Single Wake

] [ Wakes + Obstacles

(-

Double hill
Double Hill + Wakes

[ Forest + Hilly Terrain

) ( ) Coor

Hilly Terrain + Wakes

err:

ain + Obstacles
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Figure 5: Schematic of the building-block approach applied to wind farm flow models.
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Figure 1: Diagram for microscale wind farm model classification.
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Figure 6: Schematic of parametric building-blocks building up to define a complex system. L is the Obukhov
length, Fr is the Froude number, z; is the boundary layer height, @ is the potential temperature, U, is the
geostrophic wind, SL indicates the surface layer, LAD is the leaf-area index, z, is the roughness length, u- is
the friction velocity. f(x) is any variable of interest that can be described based on a set of dimensionless
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CAMARGO SCHUBERT

Porqgue a modelagem numérica da atmosfera é um desafio...

Microscale ABL / Turbulence Conditions
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National Renewable Energy Centre of Spain (CENER)

Patrick Moriarty
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IEA-Wind Task 31
April 2015
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Figure 5: Schematic of the building-block approach applied to wind farm flow models.
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Figure 6: Schematic of parametric building-blocks building up to define a complex system. L is the Obukhov
length, Fr is the Froude number, z; is the boundary layer height, @ is the potential temperature, U, is the
geostrophic wind, SL indicates the surface layer, LAD is the leaf-area index, z, is the roughness length, u- is
the friction velocity. f(x) is any variable of interest that can be described based on a set of dimensionless
scaling parameters.
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cwnrco scrusert — Diagrama de Avaliagao dos Modelos e Definigao do Estado da Arte
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No mundo real temos medic¢Oes que precisam ser espacializadas...
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No mundo real temos medi¢oes que precisam ser espacializadas...

CAMARGO SCHUBERT
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Importancia de estudar os regimes dia-noite no interior do Nordeste brasileiro

CAMARGO SCHUBERT
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= O acoplamento Mesoescala para Microescala

CAMARGO SCHUBERT
Topografia =
Rugosidade »
Fenologia da vegetacao »
Temperatura dos oceanos »

» Reanalise global

» Estacoes de superficie

» Dados de sondagem e perfilamento
vertical da atmosfera

/  DADOS METEOROLOGICOS

SIMULACAO EM MESOESCALA = MASS

= Conservacao de massa, momentum e energia

» Médulo de energia cinética turbulenta, que
simula os efeitos viscosos e de estabilidade
térmica sobre o gradiente vertical do vento

» Resolucao espacial de 1a 3 km

SIMULACAO EM MICROESCALA » WINDMAP

» Conservacao de massa

» Ajustes para topografia local e rugosidade

» Resolucao espacial de 50 a 200 m

» Medicoes anemomeétricas: parametros de
estabilidade térmica vertical da atmosfera

Base
de dados

Mapas

« Comparacao com dados
de vento pares

meteorologicos
» Ajustes
» Estimativas de erros

Brower, Michael C.. “4.2 Mesoscale Modeling as a Tool for Wind Resource Assessment and Mapping.” (2003).
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CAMARGO SCHUBERT Os erros e validag¢ao no processo de modelagem do vento...

Site
WIND FLOW MODEL PERFORMANCE 1 2 3 a Combined
Do more sophisticated models produce more Terrain Flat Complex Complex Complex
accurate wind resource estimates? Land Cover Mixed Open Forested Forested
[Number of Masts 8 6 3* 9 26
IMean Distance Between 73km 5.0 km 5.7km 6.0 km
IMasts
RMSE (m/s)
lLinear Jackson-Hunt model 0.26 0.34 1.15 0.74 0.62
ICFD model 0.50 0.46 1.07 0.95 0.76
IMass-consistent model 0.32 0.26 0.75 0.76 0.56
Philippe Beaucage, Research Scientist g NWE and
Michael C. Brower, Chief Technical Officer Eoup andmass- 0.10 0.39 0.56 0.67 0.48
konsistent model
e 0.24 0.30 059 0.63 0.46
Imass-consistent model
INWP/LES model 0.28 0.439 0.57 0.49 0.45

February 6, 2012
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= A variabilidade da velocidade do vento com alteragao da rugosidade aerodinamica

CAMARGO SCHUBERT

(“importancia de observar antes de rodar”)
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= A variabilidade da Rugosidade Aerodinamica ao longo do ano

CAMARGO SCHUBERT

EXEMPLO DE VARIACAO INTERANUAL DA VEGETAGCAO EM UMA AREA DE CAATINGA

Vegetacao do tipo
caatinga em Brotas

[EVI2]

de Macaubas,
periodo seco.

INDICE DE
VEGETACAO

VEGETACAO
SECA

{ i i
1 ) n 10
)07 )8 2009 2010

MODELOS DE D T

RUGOSIDADE SAZONAIS .. o 1 o

.....

Tipo de Cobertura &/ou
Uso da Terra

Faixa de Rugosidade z, [m]

Areas urbanas 0,4-3,0
o .. A Florestas 04-048
""""""""" Caatinga 0,1-0,4
Cerrado 0,1-04
a Culturas agricolas 0,02-01
St . F o Pastagens 0,02 -0,05
Solo exposto 0,001 -0,0
""""""" Corpos d'dqua
(lagos, oceano) 0,0002 - 0,001
: (sem vento de superficie)
SECO : UMIDO
abril a agosto \ setembro a margo
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= Exemplo da variabilidade da rugosidade

CAMARGO SCHUBERT

Cenarios
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= Incrementos ou decrementos % da velocidade do vento

CAMARGO SCHUBERT

Rugosidade
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CAMARGO SCHUBERT

A importancia de mapear rugosidade em microescala

- Podem ocorrer alteracdes no uso e cobertura da terra
- Aimportancia de modelos de rugosidade consistentes com a realidade
- Erros de mapeamento de rugosidade podem comprometer a viabilidade de projetos

_ _ Amplitude da Rugosidade
Velocidade Rugosidade Média (erros de mapeamento)

| I I 0000000
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CAMARGO SCHUBERT

A Variabilidade espacial da estabilidade

Zo = 0,3 Restinga baixa Zo = 0,001 Areia, praia

600
Meutral

E
=z
e
>
L
A N

| 1=t 400 |

T = { dlfidz >E"rm
4
Unstable 200
‘ 100
i
\'} b ke 50
zo
B 1 T 0 [ |
Lz >U[z) o 2 4 6 8 10 12 140 2 4 6 8 10 12 14
VELOCIDADE DO VENTO [m/s]
Figure |. Wind speed profiles and conceptual eddy structures of the three ‘ .
stability types in near surface flow [after Thom, 1975). Estavel Neutra Instavel

Thom, A. S.: Momentum, mass and heat exchange of plant commu-
nities, In: Monteith, J.L. Vegetation and the Atmosphere, Aca-demic Press, London, 57-109, 1975.
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CAMARGS SarUIBERT A Importancia da Estabilidade Atmosférica na Edlica

|| . LLNL-TR-424425

TrwnEwoE Stability L o Iy s TKE g Boundary layer Frequency

veamone - 2 -2 . :

S | Atmospheric Stability Impacts on Power e L (' s7) SIS W [Sp |[Su |A
Curves of Tall Wind Turbines - An strongly 0<L<|a=>0.3 |Iy<8% | TKE <0.4 | Highest shear in swept- 11% | 19% | 22% | 4%
Analysis of a West Coast North American stable 50 area. nocturnal LLJ may be
Wind Farm present. little turbulence

except just below the LLJ
stable 50<L [02<a |8%<Iy |0.4<TKE | Highwind shear in swept- | 25% | 32% | 35% | 30%
<200 |<0.3 < 10% <0.6 area. low amount of
turbulence
S. Wharton, J. K. Lundquist neutral L> 0.1<a | 10%< |[0.6<TKE | Generally strongestwind | 27% | 30% | 22% | 26%
2000r | <0.2 Iy < <1.0 speeds throughout the
L<- 20% blade swept-area
February 23, 2010 300
convective | -300< | 0.0<a | 20% < 1.0 < TKE | Lower wind speeds. low 17% | 15% | 14% | 20%
L<-15 | <0.1 Iy < <14 shear in swept-area, high
30% amount of turbulence
strongly -15<L| a<00 |Iy> TKE > 1.4 | Lowest wind speeds. very | 20% P% 7% | 20%
convective | <0 30% little wind shear in swept-

area. highly turbulent

Table 2: Stability classifications for the four stability parameters (Obukhov length. wind shear. turbulence
intensity. and turbulence kinetic energy). general atmospheric conditions. and frequency of occurrence
during the data period. Wind shear. turbulence intensity and turbulence kinetic energy thresholds are
based on the SODAR wind velocity data.

el

(A, CTGAS-ER
©

Servigo Nacional de Aprendizagem Industrial - DR/RN



=

CAMARGO SCHUBERT

A distribuicao espacial do vento para diferentes estabilidades
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A distribuicao espacial do vento para diferentes estabilidades
L quase estavel (L250) L neutro (L750)
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CAMARGO SCHUBERT

Diferenca Estavel (L=50) — Neutro(L=750)
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CAMARGO SCHUBERT

Numerical Evaluation of Wind Flow over Complex Terrain:
Review

G. T. Bitsuamlak'; T. Stathopoulos, FASCE? and C. Bédard®

Abstract: This paper reviews the current state of the art in the numerical ewluauon of wind flow over different types of topographies.

1 £l

Numerical simulations differing from one another by the type of

boundary conditions applied, the type of grids adopted, and the type of terrain idered are ized. A

d, the model used, the type of

study among

numerical and experimental (both wind tunnel and ﬁeldi exnstmg works establishing the modifications of wind flow over hills, escarp-

ments, valleys, and other plex terrain

on the but probl

generally good p

P

predictions on the downstream areas of the complex terrain. Comparisons are also made with provisions of the current wind standards as
well as with speed-up values calculated using guidelines derived from theoretical models.

DOI: 10.1061/(ASCE)0893-1321(2004)17:4(135)

CE Datab bject h gs: Wind loads; Comp 1 fluid dynami hnique; Turbul Terrain; Topography.
Introduction have been used in most of the studies dealing with wind flow over

complex terrain. Turbulence of the flow is represented by a par-
Wind p on and other . ped in level ticular model, such as the well-known k-& model. v\hlch lS ap-
winds, wind-induced dispersion of poll in urban locati propriate only for the case of homog,

depend, among other factors, on the velocity profile and turbu-
lence characteristics of the upcoming wind. These. in tum, depend

on the rough and general confi of the up ter-
rain. Consequently. wind standards and codes of practice typically
assume up terrain of h h or provide
explicit for specific phi such as hills or es-
carpments; for more complex they refer the practiti

to physxcal smxlxuon ina boundary layer wind mnnel (BLWT).
The of 1 wind g makes the
luation of wind velocities over pl tenam\eryamcme,
In fact, significant progress has been made in the application of
computational fluid dynamics (CFD) for specific cases of the
evaluation of wind flow over escarpments, single and multiple
hills, as well as valleys. Numerical modelmg of wind flow con-
sists of utilizing a set of diffe 1al (Navier-Stokes)
describing the ﬂow ina pamcuhr domam. say near an obstruc-
tion. The Rey d Navier-Stokes (RANS) 1
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be submitted for individual papers. To extend the closing date by one
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publication on April 18, 2003; approved on December 23, 2003. This
paper is part of the Journal of Aerospace Engineering, Vol. 17, No. 4,
October 1, 2004. ©ASCE, ISSN 0893-1321/2004/4-135-145/$18.00.

Discretization of the flow equations leads to a sel of solvable
algebraic equations. The simplification inherent in the use of al-
gebraic equations together with the fast growth in computer tech-
nology is what makes the numerical approach capable of solving
more complex, realistic problems than before at reasonable cost.
This paper presents and discusses the progress made in the nu-
merical evaluatibn of wind flow over complex topographies and
compares computational results with experimental data. The em-
phasis is placed on the evaluation of velocity ratios since wind-
induced pressures are proportional to the square of the wind
speeds. Consequently. a small variation of wind speed due to the
upstream topography may have a large influence on the loading of
the structures. Hills, escarpments. valleys. and more complex ter-
rain conditions have been considered.

Single Two-Dimensional Hills and Escarpments

Field results and 1 data from BLWT
ph)sxca] imulations have been ¢ d with CFD predicti
and ps of the National Building Code of Canada [NBCC

11995)] for a number of geometries and roughnesses. It should be
noted that the code provisions have also been used by the Ameri-
can wind load standard ASCE 7 in all its recent editions, as well.
Figs. 1 and 2 compare typical results for the variation of velocity
profiles above several geometries of escarpments and on hilltops
respectively. Data has been gathered from literature but they are
recalculated and reformatted in order to fit in the same graph for
comparison purposes. For different geometries of escarpments
(H/L=0.2 to 1.2) and hills (H/L=0.2 to 0.6), as well as different
values of upstream roughness expressed by Jensen's mumber
(H/z,) ranging from 400 to 40.000. normalized speed-up ratio
values given by [Au(z)L]/[u,(2L)H] for escarpments and
[Au(z)L)/[u,(L)H] for hills are quite similar. In these expressions
H represents the height of the hill/escarpment, L represents the

JOURNAL OF AEROSPACE ENGINEERING ® ASCE / OCTOBER 2004 / 135

( G} CTGAS-ER

!
uz) |
L au@)=u()-uz)

Escarpment
(a)

0.1

0.01

Normalized height above escarpment crest - z/2L.

0.001

—#&— NBCC, 1985 (H/IL=0.2)
—#—NBCC, 1995 (H/L=1.2)
Field Measurement
® Bowen, 1979
®  Quinnetal, 1998
BLWT
©  Bowen & Lindely, 1977
CFD
------ Jackson, 1979
—%— Paterson & Holmes, 1993
Quinn et al., 1998

0 025 05
Normalized speed-up ratio - Au(z)L

Fig. 1. Escarpment: (a) Definitions of parameters: and (b) dimen-
sionless velocity speed-up factors (Bowen 1979: Bowen and Lindely

1977: Jackson 1979)

0.75 1 125

u,(2L)H
(b)

15

A Importancia da Topografia na Modelagem Atmosférica

—— NBCC, 1995 (HL=0.2)
—a— NBCC, 1995 (HL.=0.6)
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@ Bradley, 1980
BLWT

e Pearse etal., 1981;
Kim etal., 1997;
Carpenter & Locke, 1999
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—o— Kim etal., 1997
Carpenter & Locke, 1999

0.1
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0.001
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Fig. 2. Hill: (a) Definitions of parameters: and (b) dimensionless
velocity speed-up ratios on top of hill. (Bradley 1980: Pearse et al.
1981)
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CAMARGO SCHUBERT A importancia do modelo de eleva¢ao e da resolucao espacial

Z, elevation DSM

@ Digital Suface Model
@ Digital Terrain Model

https://www.geoimage.com.au/
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CAMARGO SCHUBERT A importancia do modelo de elevagao e da resolugao espacial

Resolugdo Espacial 50x50m Resolugdo Espacial 250x250m

CAMARGO SCHUBERT
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CAMARGS: SCHUBERT Diferengas entre resoluc¢ao espacial

Diferenca em Elevacdao [m N Amplitude entre 50m e 250m [m/s] h
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CAMARCO SCHUBERT Consideracoes Finais
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A evolugao da modelagem numérica e sua validagao é
fundamental para avaliagao dos recursos edlicos.
Seguir procedimentos de validacdo e anadlise de
incertezas da modelagem numeérica garante sua
credibilidade.

Regionalizacdao de modelos e parametros pode ser um
caminho para mesoescala ?

Necessidade de parametros e medicdes para aferi¢ao
da PBL-SL (micrometeorologia + instrumentacgao)
Pequenas variagdes na rugosidade aerodinamica
podem ter implicagdes diretas em projetos edlicos ou
na previsibilidade (esteiras).

A resolugao espacial do modelo implica diretamente
nos objetivos da modelagem e no tipo de topografia.
A insercao da estabilidade é um importante
parametro na avaliagao dos recursos edlicos.

A importancia da interacio com a comunidade de
micrometeorologia e assimilagao de dados
Modelagem numérica é fundamental na anadlise e
quantificacdo da esteira de turbuléncia e perdas
aerodinamicas dos parques.

Necessidade de interacao entre academia e empresas.
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Muito Obrigado !!!
ramon@camargo-schubert.com
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