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= 1967, Lumley, J. L., “The structure of inhomogeneous turbulent flows”,

Atmosphere and its Influence on Radio Wave Propagation. pp. 166-178,
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= OpenFOAM utility & Ef
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AccelerateCFD_CE AVA
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irfAccelerateCFD_CE

README.md

There are five modules to this software.
podBasisCalc

e This application calculates POD basis for velocities in CFD case directory and gives information about flow energy
contained in each POD basis. It solves eigen value problem to identify most important flow characteristics from
the flow.

podPrecompute

e This application calculates gradient and tensor terms as well as some tensor innerproducts for velocity and POD
basis vectors. All the pre-computed data which is essential for computing the reduced order model (ROM) is
written in the case directory. The file "prevVals.csv" contains time varying coefficients obtained using proper
orthogonal decompaosition.

podROM

e This application uses all the data written out from podPrecompute application and
calculates the time varying coefficients for spatial POD basis to construct reduced order model. It writes values of
time varying coefficients in the case directory which are used for reconstructing the velocity field.

podReconstruct

e This application reads in the values of time varying coefficients and reconstructs velocities. These reconstructed
velocties are automatically written into their respective time directories of CFD case for ease of visualization.

podPostProcess

® This application allows users to obtain additional information from reduced order as well as full order medels for
comparison and reference purposes. Right now this utility supports calculation of time varying coefficients from
full order model that can serve as a reference to reduced order time coefficients calculated using podROM utility.
This utility operates based on command line arguments. All available arguments are explained later in this guide.

R=X"X
« SR (Covariance Martix) 484 () %,(t1)
+ Eigenvalue & Eigenvectors == e ni
02_sVD - X= : ] € Rmxn
- v~ Left Eigenvector = POD mode X (t) ot
(Basis function) itm nitm
RBm = AinfBm
= XTe
+ Calculate the basis function(¢,,) Pm Bm
« Normalize basis function(g,,) r -
s el + Calculate POD’s expansion bm = bm/\®?
coefficient(a,,) @ = XTof,,
. POD'’s expansion coefficient(a,,)* Linear interpolation using SciPy
04%22%5::?;?1?0" £ Design space?| =0 o} module (1D )

05_Reconstruction

BuZES HRE 4y

« Bl mE2 MY POD's
expansion coefficient?} basis
functionS O|- 8510 Flow filed
2 WAy

XMW = ay * P
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= (1) S| A A1} (snapshot) ZH &

]
U 02 01 04 07 1 13

= 23 parameter 271 & sfj A A1}
= AOA, BETA, Mach #, geometric parameter & 35 F 2t
PEEPEY
= AccelerateCFD L& = 26 £ OpenFOAM #H O|A EEH E F|T
= N7 ZAXF* M| A|E off A Zap7F F = Nk A= Y

Yi;
y= "7 Y=y v ™
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S o
- Xl. « SEAMEHHE (Covariance Martix) 24 &
= . b =( ) S x1(t) - xp(fy)

Eigenvalue & Eigenvectors =& . x
02_sVD . X = E 3 3 c Rmxn
- -3 - ¥ Left Eigenvector = POD mode )
u (2) EE (baSIS) _jISE (Basis function) X (tm) - X (tm)
-1 RBym = AmBm
« oA} Z3to| 7| X pu =
- NYZTOR 35T X

(a) (b) (c) — E' .
4f 4F 4F o {
| = . R=VIy Rv=oc"v u;=

& o LE £ g Nl i
: - % .: P 7.
- 2 - a4 . oz :
>0F = & >0F sl >-0f - ) 5 i
g ” 5 - -
g - s X 2
-2F N -2F o4 -2F 3 ) . . . .
gon forAll (timeDirs, timeil)
| B '
-4 1 i : : -4 . " L -40 . : . y z {
-2 0 2 4 6 -2 0 2 4 6 -2 0 2 4 8 E n=20;
% X X forall (timeDirs, timej)
(d) (e) ()
4F 4k 4F _ )
7 n (m, n
o o v
2f ) - mi :
s \ 3 H if (n < m)
- H - o : _
>of - o >of o= S >of = . {
- 8 " 3 D/ ] ‘mn (m = cm ) ;
' o ] Cmn (m, n) Cnn(n, m);
] 3 .
2 a 2f s - # nt;
3 2] continue;
= Ly " i i L s -4 .n 1 4 1 ¢ 4 -A i i i A -
-2 0 2 4 6 -2 0 2 4 6 =2 0 2 4 6
X X X . :
h 2 ] C : d(runTime,mesh,"Ul
i . .

(9)4 F ( )4 g ()4 - . ! : : > =15 1) *cellVolume) ;
5 mu . I B . ) . ) ) . .
<N ahw 2 ¥ 2F 1" Cmn(m,n) = Cmn(m,n) + gSum(Uldotu2);

o & X .
y = - & - n++;
> of < & > of . B >-or WL }
& 3 = %
5 ) o ] B Z m++;
2 2l B i
4 yl 1 i 1 1 -4E L i i 1 1 L A 1 L 1 1
-2 0 2 ' 6 -2 0 2 4 6 -2 0 2 4 6
X X X

POD modes of the oscillating cylinder: (a) POD mode #1, (b) POD mode #2, (c) POD mode #3, (d) POD mode
#4, (e) POD mode #5. (f) POD mode #6, (g) POD mode #7, (h) POD mode #8 and (i) average field
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R =X"X
« 324 (Covariance Martlx) A
02 sVvD ° Elgenvalue& Eigenvectors =& e xl(:tl) . x”gtl) c gmxn
- v Left Eigenvector = POD mode - . ('t ) | . ('t )
(Basis function) A 2t
RBm = AmPm

POD modes of the oscillating cylinder: (a) POD mode #1, (b) POD mode #2, (c) POD mode #3, (d) POD mode

#4, (e) POD mode #5. (f) POD mode #6, (g) POD mode #7, (h) POD mode #8 and (i) average field.
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= (3) expansion coefficient | At

¢m = Xr.ﬁm

‘Em = ¢'m/\/?

Ay = XT"Em

+ Calculate the basis function(g,,)

= Normalize basis function(g,,)

+ Calculate POD’s expansion
coefficient(a,,)

03_POD

= Z} snapshotOf] 2L 2=l basis2| H| &

| podPrecompute, C E3 | ‘\_'J

=]
(@) (b) (c) =
4F 4F
= | on tring(i);
2k o 2F 2f I g
- 2 nerateCustomField (runTime,mesh,uG:
o4 02 = sigsli .
o & -" 3 - an&gradsigs[il);
>oF Ay >0F aml > 0F -5
- & “ . oon " uGradsigs.push back (uGradsi
3 a1 _}
=]
-2p | b -2f Sl -2f
i
ai
-4 s . N . -48 " " L -40 s . n .
-2 0 2 B 6 -2 0 4 6 -2 0 2 R} 6 . -
= X " X & ; X sigGradUs.push_back(sigGra
(d) (e) ()
4 4B 4F i<nDim; i++) {
2 22 -0: j<nDim; Jj++)
2k o8 2F 08 2 - . . : -
2 o o o_string(i+nDim*j)
o 2 oy : :
- a1 S, ) o A a erateCustomFielc e,mesh, sigGradsigName) ,
>ok e’ B >,k - o >k - I
a1 < e 2 - <1
. 92 o3 ’ at
) o o
o a3
2l b | G - i
a8
as
-4 e 4B -4k
f . . " L " " N s " L " L L ' i
-2 0 2 4 6 -2 0 2 4 6 -2 0 2 4 or< 1)
X X X vector<std
) h) i
(g o ( 4 B ()4 b
= v :; for (int k<nDim; k++) {
2k = 3? 2F 2 2t constant[k] = -l*innerProductPOD(sigs[k],Ugradyu,cellVolume)+ (nu+nu tilda) *innerProductPOD (sigs[k],laplUMea
o . for (int m=0; m<nDim; m++) {
. o 5 - & 56 . linear[k] [m] = -l*innerProductPOD(sigsl[k],uGradsigsIm],cellVolume)
+ . 8 o + { . . X : : .
>0 o~ ‘ﬁ)i 0 5 42 ) - innerp POD (s [k1, GraduUs [m] ,cellvolume) + (nu+nu_ti ) *innerProductPoD (sigs[k],laplsigs[m]
o o et 3 for (int m n<nDim; n++) {
-2 .,;: -2F oty -2 I 8 quadratic[k][m] [n] = -l*innerProductPoOD(sigs[k],sigGradSigs[m+nDim*n], cellvolume) ;
BH i
| B
-4 4t
' . . s " . . s " " " L " "
-2 0 2 4 6 0 2 K 6 -2 0 2 4 6
X X X

POD modes of the oscillating cylinder: (a) POD mode #1, (b) POD mode #2, (c) POD mode #3, (d) PO
#4, (e) POD mode #5. (f) POD mod g) POD mode #7, (h) POD mode #8 and (i) average field

e #6,

) mode
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(4) expansion coefficient =7t
POD’s expansion coefficient(a,,)* Linear interpolation using SciPy

O| E_:| 04_Interp9|ation : =p o o dule (1D
- Of 74 t5 5= (AOA, etc.) Cosfiient 21 on P E N am A . e Ren 2 AL2(2D, tsight A1)

| podROM, C 3 ‘E podFlowReconstruct, C |E podPostPracess, C |

= POD‘s expansion coefficient
= Spapshot Z2FE 7t/
CHAM 22l

= deEaS|sCaIc C |E podF‘recomDute C

5. Output: approximated flow field
1. Input: m CFD snaphots ™ P ‘ ‘pP — o onstant [i] :
i I A int j=0; j<nDim; j++) {
] | | - i r[i+j*nDim] *prevavals[jl;
A i k<nDim; k++) {
: atic[i+j*nDim+k*nDim*nDim] *prevAvals[k] *prevAvals

1 ‘\ \ { 0
a=2° o o[ _
l - H 222 avals[i]l = prevAvals[i]l + da*dt;
L i : }
2. POD Basis: m Modes U” m 0=3° N for (int i=0; i<nDim; i++){
i B Untried flow condition i
X
Mode 1 Mode2  Mode 3 min! ”RCS(W(C!))H ' artTime + dt*t;
a=(ay,..., ag i
RIC>0.9999 3. Order Red i 4. Interpol./Optimization Step 23! afiles << std::fixed << st ion(16) << avalues[tl[jl << ",
. Order Reduction ; <
Select 7 POD t I‘ Determine POD-ROM coefficients a, }
i:f m % fcomtponenst ; such that defect of POD solution (a) afiles << endl << std::flush;
P withaigestinionmation confel to governing equations is minimized }



d
~ r - 2:'*
| . -
= X yj 1"?:” H’E

; .. i=1
= (4) expansion coefficient 27t
. + POD’s expansion coefficient(a,,)* Linear interpolation using SciPy
OI E_:| A 04_Interpolation = : o]
- O 7 2 =~ (AOA, etc.) Coefficient e R P i A2 (2D, Isight AHS)

= POD‘s expansion coefficient
= Snapshot ZEF£EH 7t/
CHM 23l

%{f const.

jEE

a=0° U(0) =|a1(0){ o1 +|a2(0)|c2|+[a3(0)|oc3 N7
' ' Mode2  Mode 3
Snapshot % U(2) =|a1(2) o1 +[a2(2)|02|+[a3(2)[03 e
(known) <] . B

Mode 2 Mode 3

[lég; / U(4) =|al(4) ol +|a2(4)|02|+[a3(4)|03

s
jE‘

a=4"

Mode 1 Mode 2 Mode 3

v v v

U(3) =|al(3) o1 +|a2(3)|o02|+[a3(3)|03

ﬁ

Mode 1 Mode 2 Mode 3
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= (5) 7 Q=& X AHM

= Basis x Expansion coefficient

05_Reconstruction

@‘f U(0) =|al1(0) o1 +[a2(0)[o2|+[a3(0)|03
Snapshot % U(2) =|al(2) ol +|a2(2)|02|+[a3(2)|03
(Known) g
{ 79; / U(4) =|al(4) 01/ +[a2(4)|02|+[a3(4)|o3
Prediction~ M v v
| U(3) =|al(3) o1 +|a2(3)|o02|+[a3(3)|03

a=3°/ N

) Untll'ied fl9w cou;ldi(ionl

const.

< H7hEEEE WY E POD's
expansion coefficient?t basis

function® O|- 2510 Flow filed
S Hdd

xmew = Q'-m"irjm

Mode1 Mode2  Mode 3
i |
Mode 1 Mod'e 2  Mode 3
Mode1 Mode2  Mode 3
Mode1 Mode2  Mode 3
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. expansion coefficient?t basis
05_Reconstruction function= 0|- 2519 Flow filed

= Basis x Expansion coefficient = "y

= (5) S =2 XAl M . WZHZ|ARYZ MAT POD's

forAll (timeDirs,timei)

{
std: :vector<double> aVect = avals[il];
Info << "t = " << timeDirs[timei] .value() << nl;
runTime.setTime (CimeDirs[timei], 0) ;

std string UName;
T .

]
T
volVectorField Urom(generateCustomField (runTime,mesh,UName) ,UMean) ;

for (int i=0; i<nDim; i++)
Urom += avVect[il*sigs[il];

Urom.write() ;
i+4+;

xmew = am'(ﬁm

L

N |
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= OpenFOAM all
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2. POD Ba5|s m Modes U” :
¢ [, Untried flow condition
; ; =zzoss | Mode 1 Mode 2 Mode 3 mmv ”Res(W(a))” I
: 1 = =22 S e e — (A= Om
A EA[o™ e i RIC>0.9999 h 3. Order Reduction = g' tlntgrp:cl).tl)%rg:ﬂmizfaftio?sStep
it R : Select 71 POD components e e St
x ) & poen ith | tinf ti tont such that defect of POD solution W(a)
P S i wWithfargest Information:conton to governing equations is minimized
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Y
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azuzY
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CFD
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O] E{O}0| Y (DAKOTA toolkit)

« 27 A OIo|HO0|d S8t
= 45 7|8 g12[F N UK LY
= 7|2 E input (ex. Surrogate, kriging, ann) 2 = ZF-HoE Al
= GNU Lesser General Public License (versions 5.0+)
= M. S. Eldred et al., "DAKOTA : a multilevel parallel object- oriented framework for
design optimization, parameter estimation, uncertainty quantification, and sensitivity

analysis," E. United States. Department Of, Ed., ed: Sandia National Laboratories,
2011.

=

Mathematical and

statistical methods to help

4 B HOIS
| sszabos

rExEE GlojHor0|d
zZ2a%

scientists and engineers

assess and improve the DAKOTA

FA
i
e
o

|

accuracy of computational

O] DAl 7Ok
LLLLLL

models

Bo| g 0f= TR WEHS
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Cj| o] E{O}0] Y (DAKOTA toolkit)

A

y

Input Parameters

design * uncertain « state

continuous

* discrete

N

»>

DAKOTA
Optimization
Uncertainty Quantification

Parameter Estimation
\ Sensitivity Analysis j

-

[

= Line/Column X| ™

2l =2 stdout Q14 7tHs

\ 4

Model

simulation + surrogate « multi-fidelity
nested recursions
formulation recasting

: | Simulation

Interface

,

(

Response Qols

objectives « constraints
residuals

ES

§.x.>.f;<.>.$.=?§.sy
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Hjo|E{Ot0] Y (DAKOTATt

oolkit)

» CLIZZ2 " + gUI X| &

1 DART-Hidden-Default-Project/LINKED_RESOURCES/C/Users/whlee/Documents/OOFW/DakotaProject/MassSource f

Fle Edit Window Help
ek G
e~ Dakota Project Navigator

v J» MassSource C:/Users/whlee/Documents/00FW/DakotaProjec!

~ A Dakotastudy1 [Fi
&Y interface

+3+ environment
05 variables
[ Run Results
~ A DakotaStudy2 [Fi
&Y interface
Fii responses
& method
»3« environment
ariables
v [ Run Results
0 Run 1 [FriJun 22 22:54:21 KST 2018]
© Run 2 [Sat Jun 23 01550:39 KST 2018]
0 Run 3 [Sat Jun 23 17:52:45 KST 2018]
© Run 4 [Sat Jun 23 22:31:43 KST 2018]
© MassSource
@ Wsstudy
P Test2 C/L

<

1 1 item selected

P B Y7 B [0 settngs

)> MassSource
Simulation Models
Simulation Model Edit Delete
# MassSource A ®
7' New simulstion model
Dakota Studies
Dakota Study Delete
A DekotaStudyt ®
A Dakotastudy2 %
7' New Dakota study [ Import Dakota stud
Analysis Drivers
Analysis Driver Edit  Delete
&3 Wsstudy ®
/" New analysis driver
Plots
Plot Show  Edit Delete

[ Open the Plot Manager
Project Options.

& Rename this project
) Open Dakota help manual

in - Daketa Ul

= O || Plot View (SWT) £2

Dakotastudy2in 2

& interface
analysis_drivers 'python -m Wsstudy2®
ark
parameters_file "params.in’
results_file "results.out’
file_tag
file_save
& responses

descriptors 'Error’
response_functions 1
no_gradients
no_hessians

2 method
£ multidim _parameter_study
partitions = 14 @
environment

tabular_data
tabular_data_file 'tabular_graphics.out’
output_file 'dakota.out’
results_output
results_output_file 'results.out’

& variables
continuous_design 2
lower_bounds 9.3 0.05
upper_bounds 3.1 8.5
descriptors “kh' fws!
& console 5 AETEE] ~m>= 0
Dakota Console
results_file 'results.out’ ~
file tag
file_save
responses

descriptors 'Error’
response_functions 1
no_gradients
no_hessians
method
nultidim_parameter_study
partitions = 1/
environment
tabular_data
‘tabular_data_file 'tabular_graphics.out’
output_file 'dakota.out’
results_output
results_output_file 'results.out’

variables
continuous_design 2

lower_bounds  ©.3  0.05
upper_bounds 3.1 0.5

descriptors
End DAKOTA input file

Using Dakota input file 'C:\Users\whlee\Documents\@OFi\DakotaP

< >

e ©|B
i

<@ - a

P Preferences

ter text

type fi
General
APREFRC
Connection & Login Prefe
Dakota

MART hatriqc

Dakota

Diakota executable
Using DAKOTA version 6.7

Timeout for external driver (seconds)

| D:#Documents®0OFWHdakota-6.7-release-public-Windows. x86-U st binttdakota.exe |

Browse. .

7200

[N
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Cj| o] E{O}0] Y (DAKOTA toolkit)

‘download.html

» CLIZZ2 " + gUI X| &

Public

[ dakota-6.16.0-release-public-Linux.x86_64-
gui.tar.gz

[ dakota-6.16.0-release-public-Darwin x86_64-
gui.tar.gz

[ dakota-6.16.0-public-darwin.Darwin.x86_64-
gui_cli.tar.gz

Dozl 1E 27}
|
GU' — —E — [ o = / Release 6.16.0 (Release Notes) — Released Mon, 05,
= patorm ek
= Dakota Executable A& E2
Linux
P Preferences ] x
type filter text Dakota o T Mac OS X
ii::ic Dakota executable | D DocumentswOOFW¢dakota-6.7-release-public-Windows x86-Ulwbindakota.exe | Browse...
Connection & Login Prefe | Using DAKOTA version 6.7 Mac OS X
Eil:?rtimmn Timeout for external driver (seconds) |72E:C
Mac OS X

= Linux binary= RHELZ X & |
" Ubuntu %O-”A-I A"-g- Al E!E %E J_él_g_ Windows

= mkdir build && cd build indons
= cmake .. Windows
= 3.15 or higher Source
= 2 E A| Python module K| & s (EL7)
" Binary El‘%EE Al X'”—g— X Linux (RHEL7)

Source (Windows)

Source (Unix/0S X)

[ dakota-6.16.0-public-darwin.Darwin.x86_64-
cli.tar.gz

B dakota-6.16.0-release-public-Windows.x64-
gui.zip

B dakota-6.16.0-public-windows.Windows.x64-
gui_cli.zip

B dakota-6.16.0-public-windows.Windows.x64-
cli.zip

B dakota-6.16.0-release-public-src-gui.zip

[ dakota-6.16.0-public-rhel7.Linux.x86_64-
gui_clitar.gz

[ dakota-6.16.0-public-rhel7.Linux.x86_64-
cli.tar.gz

A dakota-6.16.0-public-src-cli.zip
[ dakota-6.16.0-public-src-cli.tar.gz

Description

Dakota supports a library-linked interface to Python, but it must be explicitly enabled when compiling Dakota from

spource.

FJNEXT foam
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Cj| o] E{O}0] Y (DAKOTA toolkit)

« 27| AFE AL GUI K| &

P U MY AIYE RS T X

10

—

Simulation Models

Simulaticn Medel Edit Delete

J» Dakota Study Wizard
¥ MassSource / %
Characterize Dakota Variables

Enter data to characterize each Dakota variable previously identified. For details on the variable types and relevance in particular Dakota parametric studies, see the Dakota
Reference Manual.
imulaticn model

/!

continuous design

Dakota Studies

Variable Details

descriptors initial point lewer bounds upper bounds scale types scales
Dakota Study Delete Kn 104 03 ER value 02

ws 050 0.05 05 value 0.05
A DakotaStudy ¢

®

Ve

Stuay mport Dako

ay

Analysis Drivers

Analysis Driver Edit Delete

&3 Wsstudy rd ®

Simulation Madel Parameters

jeredDict ()

Neat, defi
would lke ro

eters fox your model. Becaus diton on the let o highi
wh parametess. At unbrme, the i wamaters.

Input Fis

perties Input

Replacement
h o4 Repiace characters between 794 and 80
£ feld : The open source CFD Toolbox
o peration
A d NETp: //wa. OpEnFOMM. org
M anipulatios
Foamile
aleroperties x
..... o
Detauit Value [ 104
3 Cancal
map :
2 #cale “$sealevel (0. 67*coshq Svar_kh)+0. 33) /$var_kh",
Zdw2 #calc “SseaLevel*acash(D. 57*cosh{Svar_kh}+0,43)/Svar_kh"}
a Vist of the relaxation zones in the simslation, The parameters are give
in nan Tfs bel
¢ sutler);
s Parsmatar
< Jack Hext Cancel
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Cj| o] E{O}0] Y (DAKOTA toolkit)

# Dakota Input File: rosen_opt_sbo.in

environment
tabular_data
tabular_data_ file = 'rosen_opt_sbo.dat'
top_method_pointer = 'SBLO'

method

id method = 'SBLO'

surrogate_based_local
model pointer = 'SURROGATE'
method pointer = 'NLP'
max iterations 500

trust_region
initial_size = 0.10
minimum size = 1.0e-6
contract threshold =
expand threshold
contraction_factor
expansion_factor

method
id method = 'NLP'
conmin frecg
max_iterations = 50
convergence_tolerance = le-8

model
id model = '"SURROGATE'
surrogate global
correction additive zeroth_order
polynomial quadratic
dace method pointer = 'SAMPLING'
responses pointer = 'SURROGATE RESP'

variables
continuous design = 2
initial point -1.2 1.0
lower bounds -2.0 -2.0
upper_bounds 2.0 2.0
descriptors 'x1' 'x2'

@ w DESKTOP-E

<< global _neural_network aperoximation builds completed.
Beainning Approximate Fn Evaluations. ..

<<<<< Function evaluation summary (APPROX_INTERFACE_1): 100 total (100 new, O duplicate)
<4< Function evaluation summary (Simulationinterface): 10 total (10 new, O duplicate)

<<t Best parameters =
5.1852411019e+01 =1
7.7085409127=-01 =2
<< Best objective function =

—7.35934829807e+01
<<<<< Best evaluation (Dt 37

Statistics based on 100 samples

Sample moment statistics for each response function

Mean St Dev Skewness Kurtosis
obj_fn 2.4296102525e+03 1.9546250171e+03 5.0011836105e-01 -8.9182874568e-0

95% confidence intervals for each response function
LowerC| _Mean UpperCl_Mean LowerCl_StdDev

obj_fn 2.0417702437c+03 2.B8174502518+03 1.7161741852e+03  2.270B395157e+03

Simzle Correlation Matrix amona all ineuts and outputs

X x2 obi_fn
x11.00000e+00
x2  2.08607e-02 1.00000e+00
obj_fn 2.23348e-02 8.15550e-01 1.00000e+00

Partial Correlation Matrix between input and cutput
ohi_fn
x1 9.19860e03
x2  B.19465e-00

Simple Rank Correlation Matrix among all inputs and outputs
% %2 abj_fn
%1 1.00000e+00
%2 2.26463e-02  1.00000e+00
obj_fn 3.69797e-02 8.19894=-01 1.00000e+00

Partial Rank Correlation Matrix between input and ocutput

[N
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Cj| o] E{O}0] Y (DAKOTA toolkit)

= DAKOTA input Of| A| (parametric study)
= $ dakota DakotaStudy.in

|| DakotaStudye,in B3

Tabular Data

lnterface [ Plot a single trace from this data
# kh  ws Error
1 03 005 01177772
2 0.5 005 01539656
3 0.7 005 01518281
4 09 005 0.1438151
5 1 0.05 0.1490063
- 6 13 005 01595631
flle t 7 15 005 01532637
3 —~ . — 8 17 005 0.1649633
file save o 110 (005 | o1eessat
.h;n:;e:':; 10 21 005 01417427
11 23 005 01379622
ptors '"Error' 12 25 005 01318971
13 27 005 0.1356013
14 29 005 0.144816
15 3.1 005 0.164606
—_ 16 03 01 0.1027305
no hessians 7 05 01 01106198
- 18 0.7 041 0.09194064
nethod 19 09 01 009720371
. . 20 11 01 0.1176898
multidim par: - study o1 Tia o1 Tovi7arss
partitions = 14 9 22 15 [a1_{ooomaason
23 7 0 0.1162946
environment 24 10 01 01371688
25 21 01 0.1063633
tabular data 26 23 01 01166866
tabula file '"tabular hics.out! B T
output file ' ota.out' 2 |20 |01 | 01641200
—_ 30 31 041 0.2036203
results 'CJthI_ZIth 3103 015 0.003096660
- . 32 05 015 0.07343904
results output file 're s.out’ 33 07 015 008004792
- _ 34 09 015 0.05047691
35 1.1 015 0.07353609
36 1.3 015 0.08284247
37 15 015 006530631
38 17 015 009023968
39 19 0.15 009920157
40 21 015 0.1187019
41 23 015 00786704
42 25 015 008205784
43 27 015 009739424 |

FJNEXT foam

open source CFD consulting



Cj| o] E{O}0] Y (DAKOTA toolkit)

= DAKOTA input Ol A| (£X[& 3}
= $ dakota DakotaStudy.in

| DakotaStudy3,in i |

Tabular Data

1
rom thi
2 -m Wsstudy3' + ko ows o

3 103 005 0.N77772
e At 2 05 005 0.1539656

- ms.1in 3 07 005 0.1518281
5 file 'results.out' 4 1091085 10148151
_ 5 1.1 005 01490063
{.:Zl 6 13 005 01595631
.? 7 15 005 01532637
3 17 005 01649633

g 9 19 005 01696581
- 10 21 005 01417427
ptors 'Error' 11 23 005 01379622

PR S Ame 12 25 005 01318971

ctive functions 1 13 (27 005 | 0.1356013

14 29 005 0.144816

15 31 005 0.164606

_ 16 03 01 01027305

numerical hessians 17 105101 101106158
— 18 07 01 009194064
nethod 1909 01 009729371

. 20 11 01 0.1176898

lln}' 21 13 01 01174136
22 15 01 0.09094501

23 17 01 0.1162946

24 19 01 01371688

25 21 01 01063633

26 23 01 01166866

27 25 01 01270368

28 27 01 01425002

20 29 01 01641292

30 31 01 0.2036203
31 03 015 0.09396669
32 05 015 007343904
33 07 015 0.06004792

34 09 015 0.05047691
35 11 015 0.07353609
36 13 015 008284247

37 15 015 006530631
38 17 015 0090239638
39 19 015 009920157

H # 40 21 015 071187019

:l" er bounds 41 23 015 00786704
OWwer bounds 42 25 015 008205784

7 015

009739424

I:!NEXTfoam
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Cj| o] E{O}0] Y (DAKOTA toolkit)

# Dakota Input File: rosen_opt_ sbo.in

environment
tabular data
tabular data file = 'rosen opt sbo.dat'
top_method pointer = 'SBLO'

method

id method = 'SBLO'

surrogate_based local
model pointer = "SURROGATE'
method peinter = 'NLP'
max iterations = 500

trust region
initial size = 0.10
minimum size = 1.0e-6
contract threshold = 0.25
expand_threshold 0.75
contraction factor = 0.50
expansion factor 1.50

method
id method = 'NLP'
conmin_frecg
max iterations = 50

convergence_ tolerance = le-8

model
id model = 'SURROGATE'
surrogate global
correction additive zeroth order
polynomial quadratic
dace method peointer = 'SAMPLING'
responses_pointer = 'SURROGATE RESP'

exper imental _gaussian_process
exper imental _polynomial
function_train

H9aUss ian_process

mars

moving_least_sauares

neural _network

polynomial

radial_basis

variables
continuous design = 2
initial point -1.2 1.0
lower_bounds -2.0 -2.0
upper_bounds 2.0 2.0
descriptors 'xl' 'x2'

CHA =2 &

49 718

43 responses

44
45
46
47
48
49
50
51

id responses = 'SURROGATE RESP'
objective functions =1
numerical gradients
method source dakota
interval type central
fd step size = l.e-€
ne hessians

52 method

53
54
55
56
57
58
59

id method = 'SAMPLING'
sampling

samples = 10

seed = 531

sample_ type 1hs

model peointer = 'TRUTH'

60 model

61
62
63
64
65

id model = '"TRUTH'
single
interface pointer =
responses_pointer =

"TRUE FN'
"TRUE_RESD'

66 interface

&7
68
69
70
71

id interface = 'TRUE FN'
analysis drivers = 'rosenbrock'
direct
deactivate evaluation cache restart file

72 responses

73
74
75
76
77 |

id responses = 'TRUE_RESP'
objective functions =1
ne gradients

no_hessians




Cj| o] E{O}0] Y (DAKOTA toolkit)

= DAKOTA input 0| A| (Multi-fidelity surrogate model)

dak . el dvanced#ros

environment,
## Activate Dakota's legacy X Windows-based graphics on Unix systems
## Consider newer capabilities in the Dakota GUI

graphics

tabular_data

top_method pointer = 'SBLO'

method,

id method = 'SBLO'

surrogate based local

model pointer = 'SURROGATE'

method pointer = 'NLP'

trust region

| initial size = 0.10
contract_threshold
expand threshold =
contraction factor
expansion_factor

ol

method,
id method = 'NLP'
## (NPSOL requires a software license; if not available, try
## conmin frcg or optpp newton instead)
npsol sgp
. max iterations = 50
convergence_tolerance = le-10

model,

id model = 'SURROGATE'

surrogate hierarchical
ordered model fidelities = "LOFI' '"HIFI'
correction additive second order

ables,
continuous_design
initial point
lower bounds
upper_bounds
descriptors

hierarchical.in

responses,
objective functions
analytic gradients
analytic hessians

model,
id model = "LOFI'
single
! interface pointer = "LOFI FN'
inteiface,
id interface = 'LOFI FN'
analysis drivers = '1f rosenbrock'
! direct
deactivate restart file

model,
id model = 'HIFT'
single
interface pointer = '"HIFI FN'

interface,
id_interface = 'HIFI_FN'
analysis drivers = 'rosenbrock'
direct
deactivate restart file




Cj| o] E{O}0] Y (DAKOTA toolkit)

» DAKOTA A3 & E 0 Al
= dakota.interfacing T =2 E¢f| ¥
= PYTHONPATH 23 #H=0] Dakota & X| Z &= 7}
» SH A/ U=H =AM Ao 4 Jts

T T SRR W R
|, o/ 01N/ enty
Woe /FfUWod Ao LIS 1V

import nuﬂqy as_hp
import dakota.interfacing as di

params, results = di.read parameters file()

write input (params)

run solver()
results = read output()

results.write ()

F'l NEXTfoam
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O] E{O}0| Y (DAKOTA toolkit)

—
A O JLCFSE e =3 L
. 274 0] 7| S ZHEHSE input T} RO 2 AR 7H5 3t B|O|E{010|
= L
=32 DAKOTA
— O —
- IYQT A QA TR OMOR MA
e
=393 g
;ﬁgzﬁeﬁ,ﬂ: ﬁgg%%éﬂ Mathematical and
- [Tk . ~=l 2 - .:éi;:l”"“ statistical methods to help
scientists and engineers
ELcS s assess and improve the DAKOTA
. M plEpE Eﬂgg?{%g aCCUfaCy Of comPutationaI s Samam e
- === Bl models
ENEEEES H5= EHo
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. M QA

AL

= 7.2

= OpenFOAM
= AccelerateCFD
= DAKOTA

MEI TE

o4 23 GOl

HugH
I =T = B4 Z=
F ield | openFoam: The open Source CFD Toolbox
0 peration | version: 1.5
A nd | web: http://www.OpenFOAM. org -
M anipulation | N
Y
7% =
B4 i

2l

h

HI0IE0HO1E

==
ol AIZHO
Bl
» gt sts
<
j
.
j
;
A 4 ¥ w
_ ALLIFH
5 O] Ef 0] & FH3} Mgﬁaﬁ
il

[llinoisRocstar/
AccelerateCFD_CE

Community Edition of AccelerateCFD platform for
creating reduced order models from high fidelity

CFD
A3 ©6 i 26 ¥ 12 O
Contributors Issues Stars Forks

IR

Mathematical and
statistical methods to help
scientists and engineers

assess and improve the

DAKOTA

accuracy of computational

models
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oo AHI T

= AccelerateCFD E &t
= lllinoisRocstar/
" 7| _ll—_ AccelerateCFD_CE A#A
[ ] Umean + U(t) Community Edition of AccelerateCFD platform for
creating reduced order models from high fidelity
= Vector U(t) 2| A|ZH0f| ItE pOD = &
Ay [OX;] v 26 Y12

= Umean & A7t B 22| 810| PODE TSt E =T
= Scalar PO{| C{ S POD =7t
= podROM O|F

M A HZEZ A0 LSt expansion coefficientS = _ % & s
FItdo = XY 7| E5t= Xt =t RA D 2
= => podFlowReconstruct| A M F57F 4 d

= Expan5|on coefficient E7 *01| DAKOTA Afﬂ | , ———

q
LLINEXT foam
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POD runs_archive template framework.py INPUT.INP runcase.py

Template : 5i{ 41 7| 0| A &I =3

Runs_archive : 15 =71 & | & 0| L/t = =l #0|A &
POD : S| Al Z1HE F25HO] AccelerateCFDE PODE %
Runcase.py : PODE 44t H|O| A& =72 AHd A oM =

Framework.py : runcase.py= driver scriptZ St DAKOTA & &

INPUT.INP : framework.py2| inputS =2 T3 AH =

o

Sy
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Framework.py

DAKOTA

template

OpenFOAM l

(1) New case

2) Initial condition prediction

Runs_archive

/

runcase.py

AccelerateCFD
DAKOTA

(3) Snapshot

i‘

generated_dakot
3_study.in

INPUT.INP

N

r

EXTfoam
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= $ python3 framework.py
= Template = LY input It
: *a'%” Yy

5 Y 2 WS YN
. A S (DB AN/ E N

e
OX

input 7=, 9 X|, B2

] rosen_opt_sbo, mJ\

= INPUT.INP E3 I

INPUT FILE | ATION
INPUT.INP

EE. 3 | 4 4 # OF INPUT VARIABLE

—
=
(=7

=
=

ATION_ OF INPUT VARIABLE (Line column)

framework.py

| RUN_COMMAND
P rumn
A . -
*@m‘ ﬂ“ j 18 OUTPUT FILE_LOCATTON
i i

generated_dakot

a_study.in
postPr

w LOCATION OF OUTPUT VARIABLE (Line /

INPUT.INP 1009 1

OBJECTIVE (1: DB, Z: OPTIMIZATION)
1

' SAMPLIN
ROGATE_R!

Normal text file

I:!NEXTfoam
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£ OERH,

= (19 T2 M| A A3 $ dakota generated_dakota_study.in
dakota.interfacing 2 &2 S5l runcase.py2t =2 1zt
A o7 H=-=E MESHH runcase.py/t SH A

DAKOTAZl A|E&

o| 40| 2= &|™ runcase.py”

F A2 910 DAKOTAY ME

|_

=
U= S 5510 DAKOTAL| 3 S5 (DB/A| X3 2

dakota

i“

generated_dakot
3_study.in

params

results

template

(1) New case
AccelerateCFD
OpenFOAM DAKOTA

2) Initial condition prediction

runcase.py

Runs_archive

(3) Snapshot

q
LA INEXT foam



oo AHI T

= (O =2 M| BHE A 2H) $ python3 runcase.py
= Template 25 E £ X510 runs_archiveOfl A1 # /0| A Mo
POD ZL 0| input Of7fH+=Z T & Sl DAKOTAZ &
= Expansion coefficientS DAKOTAZ E7t510] s X7| XA 0=
= O FE Z27|Z2H 2 runs_archiveE S ARSI JCH 2 S| A 5H0] 2 =&
= Runcase.pyOfl 21zt T E S POD snapshot =7t

input

template
s

& /
.g- ' ‘ (1) New case
- AccelerateCFD
Dakota \ OpenFOAM 2) Initial condition prediction DAKOTA

| / 0] * case.py

Runs_archive

(3) Snapshot
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= NACA2412 25l Of2= MA & = off A
= Y B XhﬁET S 2t £

= 5/ AWM HOIHERH M =0 Cfet oA A =7
= S|4 24Xt CFD/POD+ANN H| I, POD 2 E (27§ 2 E0j| 0f L4 X| 99.999% = )

||= | ““\\

,,' llII‘I:‘\

/
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. e A=

» NACA2412 28 Of 24 HAl Q5 3| A
« POD £ 1P Z g Al 22 A|Zt 5% O|LY
POD 2 E

= 7| EXMSt= EFH 270 WS ZLR FIHEHS TS
Angle of Expansion coefficient Calculati
Vo i Error
Case No. Method attack on Time
(m/s) (%0)
(deg) (sec)
1 CFD 30 5 5864.55 -20.0794
2 CFD 40 0 7792.01 654.545
3 CFD 40 4 7818.70 109.646 5.60 -
4 CFD 40 10 7787.36 -707.902
5 CFD 50 5 9774.26 -33.4612
6 POD + ANN 45 7 8791.20 -302.488 0.27 4.98

LVINEXT foam
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= O|O|E{H|O| A AHM M= HE
= NACA2412 9 O}gz_-lwg A O & B A

AOA (deg)

o

-10

'
(<51
T T T T

A& &= 30m/s ~ 50m/s
|:||'27|- ~10°~ 10°

2070C] & o7 Ha BE AR

. 57 8h4 2t Al POD 4%, 0| 5j4 21t £7| 2 57
= 20 A[ZF: 170 A0 SHA AR A[ZFO] 6.55H]
: oo o, V. AOA Lift coefficient Error
I (m/s) | (deg) CFD ANN (%0)
i 1 30 -10 -0.321 -0.321 0.005
2 30 10 0.433 0.433 0.008
3 40 0 0.0965 0.0965 0.022
4 50 -10 -0.900 -0.908 0.878
D Sampling point 5 50 10 1.220 1.211 0.790
i Evaluation point
| T 1 1
% * v,nj?nls) * » n!NEX'IC'_F[oam
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AN 45 AS

= NACA2412 9 O35 8o /& ol
= ARF SE 30ms, 32 ee
« UBHH| T} A|CH 7} £ = A|CH 4 QK| B (DL El X} ALR)
= A0 AIZH: 171 H O] A A A Q A[ZHO] 11HY

70 |-

Lift to drag ratio
&
1 I 1 1 T

(22}
o
L L

55

i 1 1 1 I L L | I L L 1 I 1 il L I L L L I
500 0.2 04 0.6 0.8 1

Location of maximum camber

F'l NEXTfoam
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