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=i, How/Can High Fidelity Simulations to
1295 Enable Engineering LES?

Hi-Fi LES J Oefelein Engineering LES
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alibrate Subgrid-Scale Kinetic Energy (ks9s)

ne-Equation LES Model

Transport Model:

Oph=o*
Iv
/ or U /

Production: /77" =

Dissipation: D% =, |

fk.(f: A) — Cy,u.efp(t A) — CefD(f: A)

Calibrate: (". and (', gafta et al., submitted




Bayesian Calibration

Bayes formula: likelihood prior

Y
. P(D|9)P(8)
POD) = ————— =
=" L 2GS
posterior evidence

Data D based on DNS of Isotropic Turbulence

Model parameters 6 are the k9 model constants: C, & C,

The likelihood P(D|6) is the probability of observing D given 0. If C_ &
C, values are right, what are the chances of seeing D.

The prior distribution P(0) is the belief of what 8 should be. Gaussians

centered around the current nominal values for 6.

The posterior distribution P(6|D) is the probability that 8 is correct after
G’é}taking into account D. 5
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Bayesian Calibration: Data

Bayesformula

likelihood prior
Y
P(O|D _ P(D])P
- P(D )\
posterior evidence

« Data D based on DNS of Isotropic Turbulence




3 Filter sizes:
e A=L/64
e A=1L/32

ories




SN T likelihood orior

A 2(DIO)P(6
p(o|p) = LLPI6)PO)
7 P l)l)<\
posterior evidence

* The likelihood P(D|6) is the likeliness of observing D given 8. If C. & C

values are right, what are the chances of seeing D.

/"S}B .
LDRD. () Sandia National Laboratories

CRATORY DFRCTE




A PEM Likelihood Function

. Pesumed Error (Classical) Model (PEM)

fe(t:A) = Cvu.efp(f: A)—Cefp(t:A) + €m + €4.

.

1\T t

1 (fei— Cu.fri+ Cefp,i)’
Lp(0) = , exp (— — ‘6" J LT,
21;[1 V2710, 202
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Bayes formula: ikelihood @
"

_ P(D|9)P(0)

P(0|D) = -
- P(De_

posterior evidence

* The prior distribution P(6) is the belief of what 6 should be. MVN with

diagonal covariance, centered around the current nominal values for 6.
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Priors Chosen From Literature

. Centered at values from the literature (C,.; C.)
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Bayesian Calibration: Posterior

Bayes formua: likelihood orior

3;) DI0)I
P(6|D 9)

P(D 4)<\
evidence

» The posterior distribution P(6|D) is the probability that 8 is correct after

LDRC fgakmg into account D. @&M_WMWLZ




Filter:

« A=L/6

Prior:

« (0.0845,0.85)
« 0=(0.01,0.1)

P(o)

P00 0.05 010 b
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Parameter [

. . Measurement Model
Estimation 2= mx:6) + e 4 €4 }
Data (D) « y — quantity of interest:
) _ ] o ' mean X velocity, rms, m
= Bayesian . . "
= Framework o
(=% H 7
T  Modeled by Polynomial
Chaos Expansion
Computational Model L_':'E fime = 16,0012 sec
v = flz8) =1
Forward UQ T
Ny
y(e(é)) ~ E qujk(€17€27"'7€n)
k=0
o — (y¥s)
B (¥7) “
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® EEM Likelihood Function

 Embedded Error Model (EEM)
— (Sargsyan, Najm, Ghanem - 2014)

C,. = a4+ a11&

Ce = ago + a21&1 + a2éo
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> EEM Still Recovers Production to

Dissi nation Ratio

Filter:
53 e A=L/16
= Prior:

. (0.0845,0.85)
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High Prior Uncertainty
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Results are Insensitive to

&5 Prior Uncertaint
—ry ¥ Posterior for C
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22 Results are Sensitive to
5 FIter Width
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2

Filter Size:
L/16
L/32
L/64
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Dimensionality reduction by using
PCA to construct parameter groups

of (Ce, C,)

y* = 16: viscous sublayer

Wall Region C's
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y* = 48: log layer

1
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y* = 32: buffer layer
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Radial Basis Function
Provides Good Approximation

‘ ¢ ¢ %
:~OVAT\ i
35| m, =1.137

Wall Region C's 301
0 32.5 26.03 26 22 20.5 20.2 251
1 20.6 20
2 21.1 3st n, =0.953
3 22.8 30t .
4 25.1 25:../)—’-'_—‘_
5 29.1 20 ! L ' '

Center C's 1 2 3 4 5 6 351 1, =0.769 ' ' ®

30+ i
25+ @ -
20 ' - ' '

35+ I I I I B
30/ i
23, 7, =0.500 |

Wall Region C’s

20

35f

30}/‘
25

7, =0.231 |

7, =0.047 |
2%_0 0.2 0.4 EII.E EII.S 1.0

/_% T
’ 26
LDRD Center C’s -

-y




odel =21.4 £ 0.4, DNS =21.3

ASCRATORY DFECTID FETEARO & DD ELOVENT
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i3 Conclusions

* First principles calibration insufficient for
engineering LES
» Direct calibration of engineering LES improves

predictions
— Requires knowledge of physics and mesh

* High-fidelity data can reduce dimensionality of
parameter space and associated cost

 Model-form error likely the cause of trade-offs in the
calibration process
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