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FLORIS
Turbine models

Wake models

Design tools

Wind data

https://github.com/NREL/floris/
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Wake models

Flow velocity deficit 
models

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

Turbine models

Wind speed

Th
ru

st
 c

oe
f.

Po
w

er

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
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python

conda

pip

git

github

Open-source high-level programing language

Software environment manager

Software package manager

Text-based software version control

Online location for code sharing a cooperative 
programing
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FLORIS follows a typical python package structure

> floris

> examples

> docs

…

README.md

LICENSE.txt

pyproject.toml

Source code

Code examples

Developer package information

High-level information

Software license

Package requirements



NREL    |    14

FLORIS follows a typical python package structure

floris
Modeling code

Inbuilt wind turbines

Layout, yaw optimizers

Main user interface

Wind input tools

Visualization tools

> core

  > turbine_library

  > optimization

  floris_model.py

  wind_data.py

  flow_visualization.py

  layout_visualization.py

  …

>
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FLORIS follows a typical python package structure

floris
Modeling code

Inbuilt wind turbines

Layout, yaw optimizers

Main user interface

Wind input tools

Visualization tools

> core

  > turbine_library

  > optimization

  floris_model.py

  wind_data.py

  flow_visualization.py

  layout_visualization.py

  …

>



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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FlorisModel is the main user interface

class FlorisModel():

  def __init__():

    …

  def set():

    …

  def run():

    …

  def get_turbine_powers():

Class definition

“Constructor”

Set up the 
FLORIS solve

Run the FLORIS 
wake solver

Access outputs
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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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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



Wind turbine models
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Wind turbines are 
modeled as actuator 
disks

• Basic geometric 
parameters (hub 
height, rotor diameter)

• Power (kW) and thrust 
coefficient (-) curves
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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 



Wake modeling
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FLORIS uses analytical wake models

Velocity deficit Wake shape 
function

Wake shape 
parameters

Upstream 
turbine thrust 

coefficient

Radial positionDownstream 
distance

𝑥

𝑧

𝑦

𝑧
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Wake models are broken down into four submodels

• Velocity deficit model (wake shape)

• Velocity deflection model (wake centerline position)

• Turbulence model (wake-induced turbulence)

• Wake combination model (wake superposition)
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Various deficit models are implemented in FLORIS
Model Pros Cons

Jensen Simple top-hat shape, fast 
execution

Non-smooth, low 
accuracy

Gaussian Good all purpose Poorer performance for 
large arrays

GCH Wake steering effects Poor for large arrays, 
slowish

Cumulative curl AEP calculations, large or 
small arrays

Slower execution

TurbOPark Large arrays, offshore, fast 
execution

Poor performance in small 
arrays, onshore

Empirical Gaussian Good performance across 
board, fast execution

More complex to set up



Input / output characterization
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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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Vectorized computations for many conditions at once

3 wind turbines
1327 wind conditions to evaluate
Run time: 0.16 seconds on my laptop

Based on examples/006_get_farm_aep.py
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AEP = FlorisModel.get_farm_AEP()

Once a model has been run, the farm AEP can be computed 
using inbuilt FLORIS methods which perform a weighted sum:

Annual energy 
production (Wh)

Hours per 
year

Sum over all 
WS/WD 

combinations

Frequency of 
occurrence

Farm power
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AEP = FlorisModel.get_farm_AEP()

Once a model has been run, the farm AEP can be computed 
using inbuilt FLORIS methods which perform a weighted sum:

Note: user may specify a single TI per WS/WD combination 
(WindRose) or a third dimension for all combinations of 
WS/WD/TI (WindTIRose).



Visualization
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FLORIS has various tools for layout visualization,
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flow visualization,
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or a combination of the two.
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examples/
examples_visualization/
002_visualize_y_cut_plane.py
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Bias correction

SCADA filtering

Model fitting

Uplift analysis

FLASC

https://github.com/NREL/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

Coming soon…
• FLORIS wake model 

parameters
• Wind dir. variability
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