IL
o’« &,

“;3&'1% Technische
%%5 Universitat
24|45 Braunschweig

Y vV
OJVS(:X"QX

Institut Computational Mathematics
AG Numerik

A variable-fidelity surrogate modelling

approach

Anna Bertram, TU Braunschweig, Germany

Ralf Zimmermann, Syddansk Universitet, Denmark

Motivation

Car shape optimization

Development of an Interactive Aerody-
namic Design process

~ Approximation of high-dimensional aero-

| dynamic quantities in near-real time
provided by Volkswagen

ldea: Combine variable-fidelity interpolation methods with POD to effi
ciently generate accurate surrogate models.

Interpolation method: Kriging

Given: sample points ¥l ... x"e R4
sample values Y = (v, .. .,yn)T c R"

Objective:  interpolate and take spatial correlation into account

Assumption: true function y(x) = f(x)"B + &(x)
/ \ AN

regression regression norm. distr.
function  param. error

Kriging leads to the Best Linear Unbiased Estimator (BLUE).

Hierarchical Kriging is a variable-fidelity extension of Kriging:

Regression Regression
model model

m Fit a Kriging model to the low-
fidelity data

I I m Use this model as a regression
function for the Kriging interpola-
tion of the high-fidelity data

Kriging Kriging
model model
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high-fidelity

see: [1]
low-fidelity

Example for Hierarchical Kriging
80

— Hierarchical Kriging |
Kriging through 14
A A s high-fidelity data yq |

 low-fidelity data y,

10 15 20

Combining POD and interpolation

Geometries Snapshots

CFD solver

Evaluation
Assessment at a
new geometry
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New surrogate Interpolation of

| | POD modes
model basis coefficients

see: e.g. [2]

Industrial test case

VW Passat B6, 5 design param. at the rear, realistic deform. of -

m 404603 cells

m inflow velocity: 33.33 %

m high-fi. CFD sim.: 27 h
m [ow-fi. CFD sim.: 2.7 h

Objective: Approx. of the pressure distribution onto the cars body

300

0 comp. of high-fi. snapshots O.51 % 0-78 %
250} comp. of low-fi. snapshots

x.Xx% mean rel. error (10 test cases)

0.72% 1.71%

Offline time in hours

K3 HK3+20 Ks HKs5+50 Kio
Model (K = single-fidelity, HK = variable-fidelity)
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