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Outline

Purpose
—|IL’s contribution to the knowledge base
— Exercise UQ methods

Demonstrate Large scale big data
workflow processes with Dakota +
FieldView

Predictive blind study with UQ
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AlAA High Lift
Prediction Workshop 3

Case Alpha=8, Alpha=16, Other
Case 1a - High Lift CRM Model
— OVERFLOW?2.2] solver 1a (full gap) OVERFLOW?2.2]
yes yes C,M,F,EF
— Overset Structure #2, Coarse, medium, fine SA-noft2
and extra fine grid 1b {full gap w adaption) no no
— SA-noft2 Turbulence model 1c (partial seal) no no
- Alpha — 8, 1 6 1d (partial seal w adaption) no no
- Steady Other
— Blind Run up to 50,000 time steps
Tools Used
— FieldView — Data extracts for local Diss error - - -
] ] Grid System Case(s) If committee grid, report any
— Vislt — mesh extracts for local Diss error problems/issues
— Dakota — Model input sampling If user grid, r?:sontforgenerating
grid system
Octave — Global & local UQ calcs, 2-D plots
Porf U Q Overset Structure #2 la Workedvery well, no issues
erfiorm User (Grid 13, 2a, G ted erid svsterm b
_ BOth G|0b8.| and Local type/description) 2c. enerated grid system because...
— Discretization Uncertainty Other

— Model Input Uncertainty Mix Uncertainty
Latin Hypercube Sampling
Model Input Uncertainty
Medium Grid
Blind Run 20,000 time steps
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OVERFLOW. FieldView. Visit Workflows

Solver - OVERFLOW-2.2|
— Cray XE-40

Dual socket Broadwell

— 176-1408 cores Methodologies
RHS - Central
LHS — Scalar Penta
Multi-Grid — 2 levels (FMG = .F.)
SA-noft2 Fully Turbulent

FieldView 16.1
— Cray XE-40 - 44 cores
— Automated Batch Post-Processing

— XDB workflow for surface data
extraction and velocity plots

Vislt 2.12.1

— Local laptop

— XDB Data extracts for grid volume and
skewness

www.ilight.com
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) DAKOTA

Explore and predict with confidence.
Dakota from Sandia National Lab has been in
existence for two decades.

Extensive capabilities to perform optimization
and UQ studies.

Well thought out, easy to use, python interface
to manage and launch solvers.

It has considerable capability for sampling, an
automated system for launching simulations
and various analysis methods.
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uQ methodlogy b&/ Obekarﬁpf and Roy (2010)

|dentify all sources of
uncertainty

Characterize uncertainties "I p-boxindicates
. . . ertainty due to lack of =" ,
Propagate input uncertainties nowledge n e mputs -
through the model \ I,-
— Aleatory uncertainty £ ; 3
— Epistemic uncertainty 2 P iy
— Combined aleatory and £ | Rengool |
epistemic uncertainty £ T Sl
Determine total uncertainty in ~ § |
the SRQ g s, |
Utotal = Udiss + Uiter + 3 la" probability - -+
Umodel mput + Umodet Form + :————'". 1___;‘._
Uexp i R
— Results in a P-Box Plot :
CDF, but with a finite width that Pystem Response Quantoyy
denotes the epistemic (lack of P-Box p|0t example

knowledge) uncertainty
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Discretization Error
Celik, et.al. (JEM 2008) & ASME VV20

Define Representative Grid Size

— Global - h; = N“/s (Where i=1- Extrafine, 2-Fine, 3-
Medium)

— Line Plots — h;(x,y,2) = Vi(x,y,2) /3
- Refinement ratio - r;; = "1/,

Observed Order — P

= in |22 +q(p)|
In(ry1) €21
Ty =S :
q(p) =In D ;s = sig(esz/&21)
T3y — S
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Discretization Error

Calculate Extrapolated Value (Celik, 2008)
ext - (T21 $1 — ¢2)/(r2p1 ~ 1)
oxt = (T32 P2 — ¢3)/(T3pz — 1)

Discretization Error
Upy, = [222221292)) . 4y 5 1 (Roache, 1998)

r—l

Unum = 3(4)3 ) p<1 (Eca, 2009)

ASSUME P = pPayerage fOr local line plots
(Celik, 2008)
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Line plots requwe Quallty Metrics

Grid skewness and volume (V) from Vislt to XDB

XDB used in FieldView to compute the local mesh
size and grid refinement levels

Used medium, fine, extrafine interpolated to medium

Copyright (c) 2 ' : - -
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efinement comparisons
° hi(x, vV, Z) = Vi(x, Y, Z)1/3 o Ty = Rfine DTy, = hmedium
2D cut from the 3D mesh Rextrafine Rfine

Mesh is not uniformly refined

r21

medium grid

2.0
15
1.0
X_I 0.5
0.0

r32

medium grid

2.0
1.5

1.0
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Discretization Error (DE) — 8 deg
P=1.69225 P=1.79687
GCIl=0.00287513 GCIl = 0.00269556
Cley, = 1.7978 CDy,=0.17364
.| 0.174.—
1Y2006 20-006 30-006 4e-006 50-006 6e-006 7e-006 012006 20-006 30-006 4e-006 50-006 6e-006 7e-006

1/n (¢/3) 1n (2/3)
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P = 5.45217
GCIl = 0.000257509
CL.,=2.376

2.391

ext

2.385}
2.38f i

| |

2.375F

O~ 2.37f
2.365
2.36f

2.355¢

2.35 1 1 1 1 1 ]
le-006 2e-006 3e-006 4e-006 5e-006 6e-006 7e-006
2/3
1/n (2/3)
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Discretization Error (DE) — 16 deg

P=11.08
GCl = 1.64845e-006
CD,, = .272

0.2724

0.272f
0.2718f
0.2716f
0.2714f

0.2712f

0.271 1 1 1 1 1 ]
1le-006 2e-006 3e-006 4e-006 5e-006 6e-006 7e-006
2/3
1/n (2/3)
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Velocity Magnitude w/ U

num
x=1290.0,y=277.5 Inches
Upper Surface
10° 10°
o
a g o
4 " L " ' 4 M L M
o 1] 0.5 1 1.5 2 10 0 5 10 15 20
Vv Obsarved Order P x=1290, y
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Numerical Uncertainty — 16 Deg

o www.ilight.com

Velocity Magnitude w/ U um
x=1290.0,y=277.5 Inches
Upper Surface
102 f 102 - - -
| O
o0 g o 3
B
-3 1 1 1 1 -3 1 1 1
1
10 0 0.5 1 1.5 2 0 0 5 10 15 20
" IV Observed Order P

mag inf
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DESKTOP
Generate )
filesto | Dakota.in | DAKOTA ferminal [—
define x
ur\certainty Transfer files between
in model Dakota.out Desktop and Cluster
inputs
Terminal
Vislt < grid.in
XDB
& Skewness l
Octave

Cray
Runs
CFD
Scripts for runs model
using all
samples
PBS and
records
response,
N/CDLCI M\A/N AN
OVERFLOW?2.2
fomoco.out grid.in, g.save
XDB
Coord Cut ]
Badgary FIELDVIEW
Surface
FVP
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Model Uncertainty

Ma
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Aleatory - Gaussian

— Mach
Mean = 0.2
Standard Dev = 0.02

— Reynolds Number
3.26 Million (MAC)/11,820 per

inch

Standard Dev = 10%
Epistemic - Interval
— Angle of Attack — 8 & 16

— +-1.0 Degrees
Latin Hypercube Sampling
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= o AR 5 1 2 L Y, o A o R =
P-Box 8 Deg — Medium Grid
CL,-=1.782 CD,-=0.1746
95 95
1 T T T T 1 T T T T T
| | J ]
CL95 =1.782 ‘ CD95 = 0.1746
stdDev = 0.061 stdDev = 0.008478
0.8} - 0.8} -
= =
5 5
Ro0.6f - Ro0.6r -
o o
o o
[40] 4]
= =
® ®
S 0.4r . S 0.41 .
E E
3 3
O O
0.2f . 0.2f .
0 1 1 1 1 0 1 1 1 1 1
1.65 1.7 1.75 1.8 1.85 1.9 0.16 0.165 0.17 0.175 0.18 0.185 0.19
C C
L D
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Medium Grid

CDgs=0.1746
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Clys=2.364 CDy:=0.2715
1 T T T T T T 1 T T T
| ] ]
CL95 = 2.364 CD95 = 0.2715
stdDev = 0.0 stdDev = 0.00771
0.8f . 0.8 .
> >
= =
a a
B 0.6¢ - S o0.6¢ -
o (e}
— |-
o o
] (]
= =
© o
S 0.4r . = 0.41 .
£ £
3 =
Q Q
0.2f . 0.2f .
T
0 1 1 1 1 1 1 0 1 1 1
2.28 2.3 2.32 2.34 236 2.38 2.4 2.42 0.26 0.265 0.27 0.275 0.28
C C
L D
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Vocit - =8

Velocity Magnitude Model Input Uncertainty
alpham=8

Xx=1290.0,y=277.5 Inches
Upper Surface

107 10°
annt "
10'f , S
=. ] u o mE
L aw am ®m .E | | L
o o _ ol i}
E E 10 -
5 5 ¥
w0 wn |
IT'I |}| ] |
N N u ¥ u
- | |
E ERTE SR
[ ] - -
|
2 s" d
10 °F E
|
n
| |
|
10-3 ) ) ) . 10-3 ) ) ) . . .
0 0.5 1 1.5 2 0 2 4 6 8 10 12 14
\% / V. Observed Order P
mag inf
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Velocity o =16

Velocity Magnitude Model Input Uncertainty
alpham= 16

Xx=1290.0,y=277.5 Inches
Upper Surface

10 15 20
Observed Order P
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Summary T

UQ study of Casela

Udiss & Umodel Input "1l _
— Global Uncertainty (CL,CD) B P i i o

— Local/Piecewise (Velocity Magnitude)

Grid Convergence depends upon | '{' e | [ [ P

the flow condition Hﬂ [ f
— 8 deg converged monotonically 4 J il 1
— 16 deg oscillatory convergence fl’ J b
Model Input S I " /

— Mainly sensitive to angle of attack

— 16 Deg more sensitive to Mach number Vet Mo Hos et Unceray
than 8 deg S

Non-uniform refinement may be an
issue for the UQ methods used

Need to explore all the velocity
profiles and Cp
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COARSE MEDIUM FINE
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