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What is Uncertainty?

Discrepancy from True Value
EFD: measurement uncertainty (calibration, data acquisition,...)
CFD: computational uncertainty (grid resolution, convergence...)

Discrepancy from Flight Conditions
EFD: model deformation, wind tunnel interference,...
CFD: turbulence model,...

Can EFD/CFD integration minimize 
these uncertainties?

Discrepancy from true value
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What is EFD/CFD Integration?

Simple combination of EFD/CFD data
(e.g.) Double visualization of EFD/CFD data

EFD for CFD
(e.g.) Use of EFD data to CFD initial/boundary conditions

CFD for EFD
(e.g.) Wind tunnel interference correction using CFD

Complimentary use
(e.g.) ??

EFD/CFD
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Questions

Again, what is uncertainty?

Do you have a method to minimize uncertainty?
EFD        CFD
EFD        CFD
EFD        CFD

Do you have an example of minimizing uncertainty by 
EFD/CFD integration?

What is the challenging issue to realize EFD/CFD 
integration?
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minimize
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Equivalent Relations?

A group can 
(should) do both 

together

Both do both
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together
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together
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The Solution Is Not Unique.
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Both CFD and EFD have limitations and neither can be considered 
absolute, but together can produce greater understanding leading to a more 
competitive product.

CFD EFD

Full Potential Euler

Linear Navier-Stokes Wind Tunnel Flight Test
Structural Models

CFD is an Integral Part of the Aerodynamic Design 
Process in Partnership with the Wind Tunnel and Flight 
(EFD).

Tinoco CFD EFD

EFD
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Aerodynamic Design Cycle

Candidate
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Shortest cycle time given 
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Technology Improvements in CFD and EFD
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CFD Use
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?

Technology Improvements in CFD and
in EFD will Dramatically Reduce the
Cost and Timing of the Design Process
CFD will not eliminate the need for EFD!

?

Cycle Time
or

Cost
EFDCFD

CFD

CFD flight envelope

Stumbling Blocks
Fundamental questions about CFD on real geometries

Solution convergence or stagnation?
Grids, Grids, Grids

Grid generation
Grid convergence
Solution adaptive grids

Many questions about differences between CFD and EFD cannot be 
resolved because of the lack of detail test data.

Detail boundary layer measurements 
Wake data
Wind tunnel flow characteristics, walls, mounting system
Model or airplane aeroelastics, dynamics
Wind tunnel to flight correlations
Reynolds number correlations
Etc. 
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