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What is Uncertainty?

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

mDiscrepancy from Flight Conditions
EFD: model deformation, wind tunnel interference,...
CFD: turbulence model,...
Design: Reynolds number,...

:> Can EFD/CFD integration minimize
these uncertainties?
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What is EFD/CFD Integration?

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

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

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

EComplimentary use
(e.g.) ??
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Questions

MAgain, what is uncertainty?

HDo you have a method to minimize uncertainty?
EFD — CFD
EFD <« CFD
EFD <« CFD

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

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

Usuallyone |
person doe

One person does
both

person doe one_|
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Well-Posed Problem

What is the oblique shock wave angle over a 10-
degree wedge in uniform Mach 3 flow (w/
constant specific heat) ?

No need for EFD (even CFD)!
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ill-Posed Problem (1)

- Boundary conditions
- Experiment

- Can computer obtain
the solution?

No, we don’t know
sufficient information
(even the basic equation)!

shiogamalife.da-te.jp/e31507.html
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ill-Posed Problem (2)
Shock Wave-Slit Jet Interaction
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The Solution Is Not Unique.
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The Answer Is
ill posed

Well posed

EFD is necessary to define the problem ?
to improve the resolution & accuracy

EFD

Start with EFD to move right
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CFD is an Integral Part of the Aerodynamic Design
Process in Partnership with the Wind Tunnel and Flight
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(EFD).
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[NavierStokes | | Wind Tunnel | |Flight Test |

[Full Potential | [Euler |

* Both CFD and EFD have limitations and neither can be considered

| Linear |

| Structural Models |

absolute, but together can produce greater understanding leading to a more
competitive product.
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Aerodynamic Design Cycle
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Shortest cycle time given
by synergistic use of
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Technology Improvements in CFD and EFD
to Reduce Cost and Cycle Time while Expanding the
Envelope i |n CFD
Y

Cycle Time _ozz=2°7
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1 CFD Use

Typical Single
Technology Improvements in CFD and ? Configuistion
g 5 ; Performance
in EFD will Dramatically Reduce the Bata e
Cost and Timing of the Design Process

CFD will not eliminate the need for EFD!
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Cost and Flow Time Characteristics of Wind
Tunnels and CFD

Flow Time

One Complete Airplane Development Requires
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CFD Use | Wind Tunnel Use |
Typical Single
— Configuration
Performance
Database

Stumbling Blocks

*Fundamental questions about CFD on real geometries
—Solution convergence or stagnation?
—Grids, Grids, Grids
Grid generation
*Grid convergence
*Solution adaptive grids
—Turbulence models — are they adequate?
—Steady or unsteady — when and why?

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

—Detail b dary layer

—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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Creating Aerodynamic Data for Full Flight Envelope
The Integration of CFD and EFD
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