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Outline

• Introduction & Background:
– Modeling Requirements
– What Kind of Codes Are We Talking About?
– Wind Turbine Design Process

• Design Codes:
– Key NREL Codes in the Design Process
– Main Focus: Modularization & Coupled Simulation

• Users & Support:
– Users of NREL-Developed Codes
– Successful Applications
– Website & Forum
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Introduction & Background
Modeling Requirements

• Fully coupled aero-hydro-
servo-elastic interaction

• Wind-inflow:
–Discrete events
–Turbulence

• Waves:
–Regular
–Irregular

• Aerodynamics:
–Induction
–Rotational augmentation
–Skewed wake
–Dynamic stall

• Hydrodynamics:
–Diffraction
–Radiation
–Hydrostatics

• Structural dynamics:
–Gravity / inertia
–Elasticity
–Foundations / moorings

• Control system:
–Yaw, torque, pitch
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Introduction & Background
What Kind of Codes Are We Talking About?

• Codes developed for direct application in the design process
• Preprocessors, simulators, & post-processors
• Primary (simulation) codes are:

– Multi-physics models (aero-hydro-servo-elastic)
– Full system models (foundation + substructure + tower + nacelle + 

drivetrain + rotor)
– Developed uniquely to the wind turbine application (not general 

purpose)

• Codes developed to run on standard PCs (not 
supercomputers)

• Codes whose accuracy is only as good as their inputs:
– Inputs must be tuned with test data to ensure accurate outputs
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Introduction & Background
Wind Turbine Design Process

Turbine Design

Loads / Stability
Calculations

Limit State
Analysis

Design
Initiated

Design
Completed

Integrity
OK?

• A design is derived from a design basis, consisting of:
– Design objectives
– Environmental conditions
– Analysis methods
– Design standards

• Coupled aero-hydro-servo-elastic models of the full 
system are used to calculate loads / stability

• The loads are used within component models (e.g., 
FEA) to perform limit state analysis

• The design is iterated until structural integrity is 
achieved

• Structural integrity achieved when:
Design Load ≤ Design Resistance
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• Motivation – Increasing system complexity requires coupled 
analysis

• Benefits – Enables shared code development, improves 
maintainability, & eases integration of science advances

• Challenges – Establishing standardized interfaces & coupling 
schemes

Design Codes
Main Focus: Modularization & Coupled Simulation
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Users & Support
Users of NREL-Developed Codes

• Used by all of the major U.S.-based (& many foreign) organizations

Manufacturers Consultants R&D Institutes Universities

http://www.endurancewindpower.com/index.html�
http://www.mit.edu/site/aboutsite.html�
http://en.aau.dk/�
http://www.cener.com/es/index.asp�
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Users & Support 
Successful Applications (Only Subset Shown)

Clipper 2.5-MW
Liberty

Bergey XL50

Southwest
Windpower
Skystream

NorthWind 100

GE 1.5 MW

NREL 5-MW Turbine on ITI Energy Barge

CART2
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Users & Support
NWTC Design Codes Website
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Users & Support
NWTC Forum



Questions?

Jason Jonkman, Ph.D.
+1 (303) 384 – 7026
jason.jonkman@nrel.gov

NREL is a national laboratory of the U.S. Department of Energy, Office of Energy Efficiency and Renewable Energy, operated by the Alliance for Sustainable Energy, LLC.
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