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What is a Validation Focused Program? 
Goal 
• Formalized highly collaborative approach to planning and 

executing joint experimental/modeling programs for the purpose 
of characterizing model accuracy for an intended application 

 

Why? 
• Provides a transparent, structured, documented approach for 

integrate program planning across scales 
• Applicable to models of all fidelity, including reduced order 

models 
• High quality data sets well suited for collaborative model 

validation efforts 
• Quantifies prediction uncertainty for use by designers 
 

Foundation of framework used 
• Framework developed for nuclear energy, SNL NW, and other 

programs  
• Framework consistent with various ASME and AIAA V&V 

Guides, Codes and Standards 
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V&V Framework 

P 

Application: Specify system scenario and response 
quantities (SRQ) to be predicted at plant scale 

Validation Hierarchy: Identify and prioritize those phenomena for which the 
models should be tested, the scales and hierarchy required for the tests, and 
conceptually how the validation tests should occur 

Phenomena Identification: Identify and prioritize the plant scale phenomena 
required for models to successfully predict the SRQ for system scenario 

Prioritize experiments within hierarchy based on program 
needs and resources 

Document 

Integrated Program 
Planning 

Code Verification: Software and  
algorithm quality assessment 

Experiment Design, Execution & 
Analysis through tightly coupled 
experimental/modeling effort 

Validation Metrics 

Assessment 

Credibility of processes used  

Document 

Solution Verification:  
Mesh convergence error 

Integrated 
Experiment and 

Model Planning and 
Execution 

Document 

Integrated Planning 
• Program leaders, 

modelers, software 
developers, 
experimentalists,  
V&V specialists 

 

Validation Planning 
• Domain specific 

program leaders, 
modelers, 
experimentalists, V&V 
specialists,  
data acquisition 
specialists 
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Verification and Validation Process Example 

Program 
Decision 
based on 

PIRT & 
Hierarchy 

PIRT 
via SMEs 

Experiments by Scale 

SWiFT-X1 
Wake Steering 

Experiment 
Design 

Modeling 

Document: 
Experiment 

and ModSim 
Plan 

Review 

Revise 

Approve 

NO 

YES 

Execution 

Hardware 
Design, 

Verification, 
and 

Integration 

Validation 
modeling 

Combined 
Experiment 

Post processing:  
QA, Uncertainty bounds 

Validation 
Metrics 

V&V Hierarchy 

Code 
Verification 

Solution 
Verification 

Uncertainty 
Quantification 

Validation 
Documentation 

Application 

Credibility 

XPIA 
Meso-Micro 
WFIP II 
WT-X1 
SWiFT-X1 
… 
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Backbone of Prioritization Process: PIRT 

PIRT: Phenomenon  
          Importance Ranking Table  

• Consensus based 
• Provides gap analysis of ability 

to model phenomena 
─ Physics gaps 
─ Numerical gaps 
─ Data gaps 
─ Validation gaps 

• Gap analysis used to prioritize 
planning, including 
experimental planning 

Phenomenon  Importance at 
Application 

Level 

Model Adequacy 

Physics  Code Val 

Turbine scale flow 
phenomena  

        

Blade Aero / Wake Generation         

Blade load distribution effects and rotor 
thrust 

H M L L 

Tip and root vortex development, and 
evolution and merging 

H M L L 

Vortex sheet and rollup (in addition to 
tip/root vortex) 

M M M L 

Blade generated turbulence characteristics 
(energetic scales) 

H L L L 

Root flow acceleration effect ('hub jet') Unknown M L L 

Boundary layer state on turbine performance 
(roughness, soiling, bugs, erosion)  

H L L L 

Boundary layer state (Re) L M L L 

BL details near TE and LE H M L L 

Rotational augmentation H L L L 

Dynamic stall H L L L 

Unsteady inflow effect (turb. intensity, 
spectra, coherence; veer, shear) 

H L L L 

Blade flow control M L L L 

Tower/rotor/nacelle wake interactions H M L L 

Icing L L L L 
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PIRT Leads to the Validation Hierarchy 
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Full scale wind plant 

Inflow conditions, terrain, 
aero and mechanical 
properties, etc. 

Small scale wind plant;  
single turbine 

Wind tunnel 
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Phenomena Identification Ranking 
Table (PIRT) 
▪ These phenomena were identified through the Phenomena 

Identification Ranking Table (PIRT) process as high priority for 
model development and model assessment  

▪ Created via stakeholder consensus, during multiple meetings 
attended by a broad cross-section of industry, university, and 
laboratory researchers during FY15.  

▪ These key phenomena must be present in the validation 
experiments and adequately represented in the computational 
models. 
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Supporting Documents 
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A2e PIRT, Wind Turbine Scale 

9 



A2e PIRT, Wind Turbine Scale 
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A2e PIRT, Wind Turbine Scale 
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A2e PIRT, Wind Plant Scale 
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A2e PIRT, Wind Plant Scale 
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*From SAND Report SAND2015-9499, “A2e High Fidelity Modeling: Strategic Planning Meetings” 



A2e PIRT, Summary of Physical Phenomena 
Phenomenon  

Inflow turbulence/wake interaction 
Wind direction (shear/veer/assymetry) 
Turbulence characteristics (intensity, spectra, 
coherence, atmospheric stability) 
Coherent turblence structure 
Surface conditions (roughness, canopy, waves, 
surface heat flux, topography) 
Momentum transport (horizontal and vertical 
fluxes) 

  
Multi-turbine wake effects 

Wake interaction, merging, meander 
Plant flow control for optimum performance 
Wake steering (yaw & tilt effects) 
Wake dissipation 
Wake Impingement (full, half, etc) 
Deep array effects (change in turbulence, etc.) 
  

Wind plant blockage effects and plant wake 
Acoustic Propagation 

Phenomenon 

Plant Scale Phenomena 

Wakes 

ABL - shear 

ABL - veer 

ABL - special events 

ABL - surface flux 

ABL - complex topography 

ABL - all other 
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PIRT Leads to the Validation Hierarchy 
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aero and mechanical 
properties, etc. 

Small scale wind plant;  
single turbine 

Wind tunnel 
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V&V Process 
Validation Hierarchy 
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Benchmark
Level

Unit Problem 
Level

Subsystem 
Level

System 
Level

• Divides the complex engineering system of 
interest into progressively simpler tiers 
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Application to Wind Turbine/Wind Plant 

▪ Planning steps have been 
carried out 
▪ Wind turbine scale 
▪ Wind plant scale 

▪ Important to consider these are 
not independent efforts 
▪ Wind turbine scale is a 

subsystem of wind plant 
scale 

Wind Turbine
Hierarchy

Wind Plant 
Hierarchy
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Wind Turbine 
Validation Hierarchy 

Single 
Turbine In Field
Industrial Scale
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Single Turbine Validation Hierarchy

Benchmark
Level

Unit 
Problem 

Level

Subsystem 
Level

System 
Level

Scaled 
Turbine In Field

Single 
Turbine in Large 

Wind Tunnel

Single Blade in Wind Tunnel
(Pitching, Roughness, Turbulence)

Fixed Airfoil
 (Roughness, dP/dx, 

Turbulent Inflow)

Pitching Airfoil (Roughness, dP/dx, 
Dynamic Stall, Turbulent Inflow)

Axisymmetric Wake
(Turbulent Inflow, Swirl)

Boundary Layer 
Physics

Roughness
Inflow Turbulence

dP/dx effects

Axisymmetric 
Wake

Root Vortex

Tip Vortex

Shed Vorticity
Trailing Edge

Atmospheric 
Inflow

Waked Inflow 18 



Wind Plant 
Validation Hierarchy 

Industrial Scale 
Wind Farm
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Wind Plant Validation Hierarchy
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Problem 
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Scaled 
Wind Farm 

In Field

Scaled Wind Farm 
in Wind Tunnel

Infinite Wind Farm
Wind Tunnel 

(Small Turbines)

Turbine/Turbine 
Interaction in 
Wind Tunnel

(Moderate Size 
Turbine) 
Multiple Wakes 

with Inflow 
Turbulence

Wake Steer/Veer

Single Wind 
Turbine 

Hierarchy
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Validation Hierarchy Leads to Validation Experiments 
Validation is a process of characterizing model error, not a binary statement of 
model validity 
 

Characteristics of a successful validation programs 
• Highly collaborative – team includes experimentalist, modelers, V&V 

specialist 
• Models are used during the design phase to 

─Assure that the experiments are sensitivity to the phenomena of interest 
─Help optimize the experiments, i.e. define sensor location, density, 

sampling rates, … 
─Assure that the experiments can be unambiguously modeled (failure to 

do this is the most common reason for the failure of a validation exercise) 
• Estimates of data uncertainty and model prediction uncertainty play a key 

role in the model validation process 
• Model credibility is established by following a formal verification and 

validation process 
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1.)    Objective:  What will be validated and what are the test 
conditions? 
2.)    Method:  How will this data be gathered?  What is the 
setup and instrumentation?   
3.)    Environment/Requirements:  What are the requirements 
and constraints on the test campaigns? What is the required 
resolution/accuracy/time-scale? 
4.)    Desired Outcome:  What will success mean?  How will it 
be quantified? How will this increase credibility at full scale? 

Definition of an Experimental Campaign: 

Definition of a Modeling Campaign: 
1.)    What is to be predicted? 
2.)    Under what scenario? 
3.)    Impact of the model results on final design decisions? 

21 



Wind Plant, PIRT Mapping to Experiment 
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Wind Plant, PIRT Mapping to Experiment 
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Validation data request 

▪ An example Validation Data requirement: 
▪ Objective: quantify distribution of blade spanwise load 
▪ Method: surface pressure measurements and/or spanwise 

strain measurements 
▪ Environment: clean uniform inflow, turbulent inflow with 

quantified turbulence character and shear character 
▪ Success criteria: measurement data available with quantified 

inflow including uncertainty bounds. 
▪ Important to design experiment such that it can be openly 

modeled 
▪ Perform sensitivity analysis to select surface pressure 

measurement locations 
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SWiFT test requirements schema 
▪ Design of new test hardware for SWiFT 

could be done based on known 
operational envelopes and using 
standard rotor design practices and 
standard farm flow measurements. 

▪ At the same time, design of a V&V test 
campaign begins with the PIRT process, 
which determines a test campaign 
specification, which leads to a test 
procedure. 

▪ Interdependency 1: The test campaign 
specification drives aspects of test 
hardware and test instrumentation. 

▪ Interdependency 2: The hardware 
operational requirements drives 
aspects of the V&V test procedure. 

Safely and reliably conduct a comprehensive 
experimental campaign to understand the 

physics governing the near-wake development 
and breakdown process of a scaled rotor in well 

characterized turbulent inflow conditions. 

V&V PIRT 
Requirements 

V&V Test Specification 

V&V Test Procedure 

Hardware Requirements 

System Level Hardware 
Requirements 

Component Requirements: 
Turbine & Instrumentation; 
Rotor & Instrumentation; 

 Inflow & Wake 
Measurement 
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Thank you 
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