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Wake models

Flow velocity deficit 
models

• Jensen
• Gauss-Curl Hybrid
• Cumulative Curl
• TurbOPark
• Empirical Gaussian

Turbine models

Wind speed
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Actuator disks with 
power, thrust 
coefficient curves

• Yaw misaligned
• Derating
• Peak shaving
• Active wake mixing
• Shut off

Wind data

Vectorized input wind 
conditions 

• Wind rose
• Time series
• Flow heterogeneity
• Data readers

Design tools

Optimization tools to 
help in the design and 
control of wind farms

• Yaw optimization
• Layout 

optimization
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FLORIS has many use cases

• Originally developed to simulate wake steering

• Controller development for experimental campaigns

• Tools added to perform layout design

• Integration into hybrid plant simulation and design tools

• Analysis techniques developed into standalone 
repositories (FLASC)
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What is wake steering?

Gebraad, P. M. O., et al. Wind plant power optimization through yaw control using a parametric model 
for wake effects—a CFD simulation study. Wind Energy, 2016.
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Wake steering is now out in the wild



FLORIS software
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FLORIS is available on github.com
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… and can be readily cloned

> git clone https://github.com/NREL/floris

> pip install –e floris

or installed directly from PyPI

> pip install floris



FLORIS documentation
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Documentation at nrel.github.io/floris/ 
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Open-source software community
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We support and encourage interaction on github

Discussion forum Pull requestsIssues



Basic FLORIS usage
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Extract outputs after solve

Execute solve, takes no inputs (replaces 
calculate_wake())

Wind data objects (TimeSeries, WindRose, 
WindTIRose, etc) conveniently package inflow 
conditions

Input file contains wake model parameters and 
specifies turbine to use

Set inflow conditions, farm layout, control 
setpoints, etc. (replaces reinitialize())
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Documentation

Logging

Grid points

Farm details

Inflow details

Anything can be set dynamically, too!Wake model selection

Deflection 
parameters

Deficit 
parameters

Turbulence 
parameters
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Documentation

Physical characteristics

Operation model

Power/thrust curve 
metadata

Power/thrust curve 
definition



New in FLORIS v4
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Updated procedure for setting up and running

> fmodel = FlorisModel(‘inputs/gch.yaml’)

> fmodel.set(wind_data=time_series)

> fmodel.run()

set() replaces reinitialize()

run() replaces calculate_wake()
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New underlying data structure

• Wind conditions collapsed into a single findex 
dimension, rather than wind_directions x 
wind_speeds

• Enables arbitrary changes per findex, for example, varying 
turbulence intensity

• Similar to running in time_series=True in v3
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WindData objects

WindRose

• For running over a grid of wind 
speed, wind direction 
combinations

• Specify frequency of 
occurrence of each 
combination

• Useful for 
AEP 
evaluations

TimeSeries

• For running a series of unique 
wind conditions

• Useful for playing through 
observations
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Turbine operation models

Allows flexible definition of the turbine actuator disk and how it operates

Cosine loss
Default, loses power to 
yaw according to 
cosine exponential 
model

Simple derating
Approximate model for 
how turbines behave 
in derated operation

Active wake control
Models how turbines 
perform with Helix 
wake mixing 
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Symmetry between FlorisModels

FlorisModel

Basic class for running 
FLORIS calculations

UncertainFloris

Model

Class for running 
calculations under 
uncertainty

ParFlorisModel

Class for running 
calculations with 
parallel computing
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New wind farm layout optimizers

Random Search

• Randomly perturbs turbine 
locations to look for improved 
layouts

• Robust to initial condition, 
complex boundaries

• Genetic parallelization

https://iopscience.iop.org/article/10.1088/1742-6596/2767/3/032036

Gridded

• Maximizes number of turbines 
that fit into a boundary in a 
gridded pattern

• Useful for generating a 
suboptimal gridded layout
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Bias correction

SCADA filtering

Model fitting

Uplift analysis

FLASC
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SCADA filtering

Filtering and outlier 
detection for power 
curves

• Abnormal conditions
• Abnormal operation
• Stuck sensors

Uplift analysis

Comparison of 
power and energy 
production between 
two or more test 
cases

• Energy ratio
• Total uplift

Bias correction

Correction of 
northing bias (yaw 
encoder bias) via 
wake position 
comparison

Model fitting

Parameter fitting for 
FLORIS turbine and 
wake models to SCADA 
records

• EmG parameters
• Wind dir. variability
• Yaw cosine exponent



FLORIS examples



www.nrel.gov

Thank you

michael.sinner@nrel.gov
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