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CFDEE?

Computational Fluid Dynamics

M dAE D=t UMY m| Navier-Stokes EquationsS 0| M@0 H
= YHAIlOZ WH2IBll 018 = =

== AE0IH /il 73 =HIS 014
0id] JtdE S0l XIiHS I A

888, A4, USRS, 2

Pressure (Pa)
.00
400.00
~0.0000

=—-400.00
AT
}mﬁ%?mvﬂ‘!‘ " -800.00
AVAVAVAVAYAYSTAVAS
VaVavg g VAV -1200.0
SRCRE]
AR

\ - : -1600.0
K RXRERIRES

%5 5

e S

ARSI IR,

R %
F SO AN 5

RN FR

RO OO RO

e ATy 3 Vv e S AVAVAVAVAYAY AVEAB KOk

SRRSO vavavaAYA Lo RS

R DO KK KIIREDS

A S AVAVAVAVA S AVAVAS S

ROK)
RO
SR

P N
¥ NJ
SRR

4 AN

RO &N ’ ST EFLE
Korea Institule of Science and Technelogy Information Ko Sty for Conpitor 0ena ey Ministry of Science and ICT

5



History of Fluid Dynamics & CFD

1800-18505‘ 1860°s-1900

b

Claude
Navier &
George
Stokes
formulate
Numerical
equations
of fluid flow

Osborne
Reynolds
deepens
understanding
of fluid flow
theory

k1 4

Claude Navier George Stokes

(1785-1836)
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Ludwig Prandtl
boundary layer
work, Theodore
von Karman
vortex work,
Geoffrey Taylor
turbulence
micro scales

1922: Lewis Fry
Richardson’s
“Numerical Forecast

Factory” for Weather

predictions using

differential equations

; n &
Lewis Fry
Richardson

1900-1950°s

|

1933: Earliest
numerical
calculation by A.
Thom of ‘Flow
Past Circular
Cylinders at Low
Speeds’, Proc.
Royal Society,
A141, London

Andrey
Kolmogorov
turbulence length
scales work

19607s-1970°s

Frank
Harlow

Frank Harlow’s
NASA Los
Alamos group
develops:
Particle-In-Cell,
Marker-and-Cell,
Vorticity-stream
function, Arbitrary
Lagrangian-
Eulerian methods

1953, Kawaguti in Japan obtains a solution
for flow around a cylinder at Re=40 by
using a mechanical desk calculator
working 20 hours per week for 18 months

~ Back to the Future: Trends in Commercial CFD, Mentor Graphics(2014)

R
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=
Brian
Spalding

Brian Spalding’s group
atimperial College in
London spawns:

= Parabolic flow codes,
= vorticity-stream
function codes,

= the SIMPLE algorithm,
= the TEACH code,

= Upwind differencing,
= ‘Eddy break-up’
models,

* ‘Presumed pdf
combustion models,

* The classical k-2
turbulence model (with
Brian Lander)

Brian
Launder

IRl

e

=
=

1988
Star-CD &
Flomerics

formed

Do

FLOMERICS

Anthony Jameson's
group drive

unstructured mesh
research

Anthony
Jameson

Suhas Patankar writes
famous “Numerical Heat
Transfer & Fluid Flow”

textbook published in

1980.

Suhas
Patankar




Industry Trends of CFD

1990 1501 1992 1993 1994 1995 j906 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 Present
. o1AIs

; AKX AASH™
I DAHEE I
Use of Parallel SAIL JIE
Processing and C=Ed ﬁé;

HPC units 1 L Cloud x| x4 =

Multl core (intel CPU)
- HE|S (2005)
off {CFDesign, oIgl 301 (2006)

! EFD.Lab, — HIE (2006)
GUI's {eg FLUENT) S : __Ff_ﬂ'-"mﬁl .

AMD 128core (2023)
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CAE Open Source Software

Pre-Processing
v 0pen CASCADE
v Salome
v GMSH
v NETGEN

Processing (CFD)
v OpenFOAM
v' Code Saturne
v SU2
v DualSPHysics
v FDS

Post-Processing
v ParaView
v Visit
v" gnuplot

while (simple.loop(runTime))
{

I
{
#include
}
L

» AAAEI SIE N =+ X
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nfo<< “Time = << runTime.timeName() << nl << en
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wetric 3D CAD n
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OpenFOAM O] &9

 Open Field Operation And Manipulation
v 0pen Source CFD Tool Box

4/ A 2Rt EHfield) O] BOIS XIHHL R A 98t C++ AATS/A0[E M T
v Application e¥mM2 & US| #1% 2H0l=dd
v d0IEddE 288 = A= IHEEE Il S

20043 OpenCFD Ltd. 0l v1.0 2JH

ZH0IMA : GNU GPL v3

STH HZ1(2023. 08)

v OpenFOAM Foundation : ODenFOAM vit (1 E',F'JI] Open Source Field Operation and Manipulation (OpenFOAM) C++ Library
v ESI/0penCFD Ltd. : OpenFOAM v2306 (67H& )1

v OpenFOAM extend group : foam-extend-5.0 (H| A J|A) m
re-processing ost-processing

Utilities

OpenVFOAM@

Others
e.g.EnSight

User Standard

Applications|Applications ParaView

-
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OpenFOAM EA! ! A A

HHIXIZ AATE
v SdiA BN JEQL 2018 dd] HEHO| MO =Z A2 |Hol=
v standard application Xl2, 20004 JiX| 0]Ato] AW HIZ
Agoz (| E0ls HEA
mO|e WAL QAR A= 7Y

MPIE 01Tt 8&% Jls

2HOIMA HIZ0| &S
CHoioh Al M T2IAMO| 52 S
g2 M HIX

SSYEEES]

XI=A 01 2AHI0IE 2 version release
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OpenVFOAM® History

- FOAM Ol2t= OIE2Z JHE AIZL, Henry Weller &
1989 BLTIENERT
- FORTRAN 2 Ct 22540111 ST =X EHSE I

L m - OpenFOAM 0|=9] @=A A release, 0penCFD Ltd

L 201 1 - OpenFOAM Foundation & &, SGI Group2l+
L 201 2 - OpenFOAM Foundationit OpenCFD Ltd2
=dl, ESI Group0il OpenCFD OHZ}
« OpenFOAM Foundation
<D\ Il - OpencrD Ltd
- Foam-extend

NEXTFOAM

° th
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OpenFOAM =&t B3

HRUE] d3t= A2 A= 31 (CFD Online, openfoamwiki)
SHoH )|z 2 A A Mo|d" AL, 210182 d| J|dto] =HatA
OIEAIO V= X0l ojot EHE| D0 ZFEO| U9}

A ADEQ010 SHL
v ATEY0 BOIMA TH A5, NEATZM/HPC BH0|MA MY

CFD E2d 3SUi, B8 20 &=

PLMS HIS & T2 MAM AIE2dI01M Vs S8
cloud computing
OXIEEH, A3 s, JIAIEs0 et Jl=Il HMSE SH E

"’T\
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Report Coverage Details

CAE/CFD AlE
Forecast Period 2023 to 2030

CAE 'E'Ol:gl CFD E%I' Forecast Period 2023 to 2030 CAGR 12.0%
v CFD= CAE 1/3 &==9| AI& 3| 7030 Value Projection USD 17.63 Billion
v 2 1042 T 8.78% ME Base Year 2022
v on Premise CFD, cloud-based CFD Computer-aided Engineering Market Size [USD 7 .23 Billion

in 2022
v XISkl &3, MXE 2ol Hixg —
x)\loE %JI' Historical Data for 2019 to 2021

Sa—
No. of Pages 150
Segments covered Deployment, Type, End-use and

= CAE AIE &g Geography

v & MIAHI AIEO] 3% AR 37| CAE market size - Fortune Business Insights (2023)

Attributes Details

Projected Forecast Value (2023) US$ 2,447 million
H 1. CAE AZE9|0| 20} 0iE B& (t9] - orel)

%
o o 58| 2022008

21,303,500 | 23,743,000 | 115% | 27,283,000 Growth rate 8.78% CAGR
2021=H AXILINE 2ZEN0 AIZZAL CAD&Graphics (2022) Forecast period 2023 to 2033

Projected Forecast Value (2033) US$ 5,679.2 million

CFD market size - Future Market Insights Global and Gonsulting Pvt. Ltd. (2023)
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OpenFOAM =3LHQ| %

- | Al
v 019l
S8 : ESI, ENGYS, CFD Direct, CFD Support, blueCFD, simFlow, ICON, Wikki, SIMSCALE, Wolf Dynamics ---
- OAIOL : VINAS, CAE Solutions Co., Yiduo Technology, ---

v 2
. WIAEE SIES), WI0jA, 20|

- HIgd &
v e, |aA
v S0l SEO| (St ATNM 20| AISS
- J|gto Ml TEME HIE0| =S

©) 5 5128
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OpenFOAM GUI

[Dperating Systems [Availability

Linwe, Mac 05 X and

Linwee, Mac 05 X and

Windows

ghie In manthiy
annual subscripdon.

Linwue and Windows

ICFFLOW

Creatve Fields

Linwc and Windows

DICE

DICERub

Linu: and Windows

MantiumFlow

Linwe and Windows
{ iz reported to
waork as well but is

not supported)

AeMmO, Quarter :.'-E'Ij annua

censes availzble.

Atizar Limited

Linwre and Windows

on without amy
mit Fixed annual
on, with discount for

IdealSimulations

rsion also
availzble for enterprise use

Visual-CFD

pEninual subsC

uation for 30 days. Foed
ption, with
discount for academic use

[Company/Author

Project page

Dperating Systems

MEXTfoam

-

*

RAM GitHub Fages

BA
BARAM GitHub Project

Linwee, Windowws, and
macDs

MNEXTfoam

product page

Linwe
[Uburtu/Debian)

Blender

Lirne: and 'Winde
[Might work on Mac
05x%

Computational fluid dynamics (CFD)

workibench for FreeCAD @ Github

Lirie: and Winds

[Maght work on Mac
05X

Discretizer

Discretizer at 3

Limux and 'Windows
[Maght work on Mac
05X

LAE] Linuex,
Precise Simuladan ¥, and
Windows

Limux and Windows
[Al=o works on Mac
05x
Linwe
Linwe

FEATool
Multiphysics

lentrid =nirid at Github

HELYX-05
InsightCAE

HELYX-0% on GitHub
T

HELYX InsightCAE wiki on GitHub

Engys Linwe and Windows

lennovalFD for
[OpenFOAM

|04 f Ennowva
[Technologies

Windows and Linwx

iconCFD COM

KSC2023 :'NSC35
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OpenFOAM A2 && -

- Ocean Engineering =& XAl
v 2011~20164 %, 1575M

- International Conference on Ocean, 0ffshore & Arctic Engineering (OMAE) &t=He| =2
v 2011~20164%, 4716M

13.0%
12.0%
11.0%
10.0%
9.0%
8.0%

7.0%
2010 2011 2012 2013 2014 2015 2016 2017 2010 2011 2012 2013 2014 2015 20le 2017

5.0% >0%

0.0% 0.0%
2011 2012 2013 2014 2015 2016 2010 2011 2012 2013 2014 2015 2016 2017

—8—FLUENT =—@—openFOAM star-CCM CFX =—@—particle =—@=—Flow-3D —8—FLUENT —@— openFOAM star-CCM CFX —@—particle —@—comFlow
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OpenFOAM

DBPialil OpenFOAM 7I¥
v 2009~202244, 418™
v EQ o9l : HMQHIZ 9l, eiAstel, RHIIHSL,

Srol, E=80] S5

B EE
a3

o
=T

2

«559 & «9“7’ & ep“' & @” & & «59' P «9"5’ @"7’ ep’”’ &
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OpenFOAM & & - il AL XL ==

- DBPialll OpenFOAM FIHE 4 Zil (V]
v 2009~202244, 418M
v THSH, AIR), A

Atql2opd

91

93

70

I |
CFD €ih =45

o= 217 AEFEE oyz|&F
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OpenFOAM & - nl=

- HYIAES WK &KL
v & 5390 &AJIXL 15470 JIH

= 7}

—e— D534
0 0
2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

HE
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OpenFOAM =LHQ|

- LEALAQ IMSEHE AU AZ XD GOHE OF &

- FHYIA
v OpenFOAM Workshop 2023, 18th
. 8th AL 20139 M= JHX
v since 2006, OHOH JH*

« ZLHYAL
v OpenFOAM Korea Users’ Community Conference (OKUCC)
- since 2012, OHoH 712 M
- 20234 10t, 10& 19~20L, S A APEC OIRA
v SIIAA CF0A 9]
- MAFHIZSHR] A0F A2, 0HoH =/0HE D] MialLt JHE

KSGC2023 ::NSC35". . o PSR o

18th OpenFOAM Workshop

FHAREES

SCsEsaANTsEe Y. og

HEhiaETAs
Ministry of Science and ICT

ce



OpenFOAM online &=

- online ARUE 2
v GFD Online
- CFD A4l THE, &AL A, tools S M3
2t 20 MI29tE AFUE X3 M3
. EMOLE Q&A HIAIT
- www.cfd-online.com
v OpenFOAM wiki

- &9 XIg, release 24l/history, installation,
communitAJH, tips&tricks, 24 SE M3

« openfoamwiki.net/
v github
v_ Source Forge

NSC35"

KSC2023

Sub-Forums : Software User Forums

SearcH THIS ForuM =2

ANSYS
Topics related to the software packages sold by ANSYS Inc.

Sub-Forums: [ CFX, [ FLUENT, [ ANSYS Meshing & Geometry

Autodesk Simulation CFD
Topics related to the software packages sold by Autodesk Inc. (prev. CFdesign / Blue Ridge Numerics).

AVL FIRE
Topics related to the software packages sold by AVL List GmbH.

COMSOL
Topics related to the software packages sold by COMSOL AB

CONVERGE

Topics related to the software packages sold by Convergent Science.

Fidelity CFD
Topics related to the Fidelity CFD software packages sold by Cadence (previously Numeca)

FloEFD, FloWorks & FloTHERM
Topics related to the software packages sold by Mentor Graphics Corporation.

FLOW-3D
Topics related to the software packages sold by Flow Science Inc.

Last Post

How to skip Fluent Launcher...
by Ibjo0o7
Today 09:18 §J

Autodesk CFD or SW Flow...

by reichelmarcia
Today 04:05 g

how to simulate engine at...
by jaychhatbar
April 28, 2023 09:47 53

Prescribed mesh displacement
by Diotima
July 28, 2023 04:54 §J

\_ Using file errort
by Amin_
Today 07:28 g

L Result of calculation in...
by DenysD
Yesterday 16:36 EJ

\_ Floefd Autoclave Simulation
by berkegk
Today 07:12 §J

(&) Different fluid density
by Murain0O1
Yesterday 02:53 §J

Threads Posts

94,082 330,604

OpenFOAM
Topics related to the OpenFOAM software.

Sub-Forums: [ OpenFOAM News & Announcements, [ OpenFOAM Installation, [ OpenFOAM Meshing & Me
Development, [J OpenFOAM Verification & Validation, [0 OpenFOAM Community Contributions, [ OpenFOAM

| Strange MPI error
by gmortahr
Today 07:56 B

53,317 | 258,447

Phoenics
Topics related to the software packages sold by CHAM Ltd.

REEFZD
Topics related to the REEF3D open-source hydrodynamics software

Sub-Forums: [ REEF2D News & Announcements
Siemens

Topics related to the software packages sold by Siemens.
Sub-Forums: [ STAR-CCM+, i3 STAR-CD

su2
Topics related to the SU2 open-source software

Sub-Forums: [ SU2 News & Announcements, [ SU2 Installation, [ SU2 Shape Design

FEEEHEIREERERE B

| set colobar value in photon
by rodrigovime
March 17, 2022 08:52 §J

| Error while installing...
by keshav_20
Today 07:48 g

\_ DFBI Superposed Rotation -...
by Stefanos M
Yesterday 05:44 5

\_ Mars Entry Vehicle simulation...
by Nemanjalanus
Yesterday 12:15 §J

10,667

/=l OO 2
SmmIEEIAYE  ru rHABEE

HEhiaETAs

Ministry of Science and ICT



http://www.cfd-online.com/

OpenFOAM M A 2E Ol

- G2 H|A
v MRES WHOD| Yo HSTE W Y=
v MOCAFOAM

. 2 I ONA (2, SHH 2 I 04N Mg T2

- XISX &l 3X/ATR M oA

KSC2023
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2ore
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OpenFOAM A 2& Ol

- HDEZEH
v H2E MAXIA45,000c0re) E20F 1A =X|0HA Jj& X A

- FXAF=E, FRBSFE, FASS ME

v XIAl &AHI/0HA10 E2lEl QEAAS/WHEG BEQAM =)}
v JIE USDY G M=t A2 M| 2 hybrid turbulence model JHE/
v Resistence, POW, Self-propultion, wind profile

B th - T s SH|AMEEAIS
SIZMOIIANLNTIAY] <o ATHHDEIE & |2 | ARG S =@ o | e R
Anniversan 3 1 =] 2J)IFHBARE =S S = g 2 = -
Ks c 2 023 & N s c 3 5 Corieroncs L ‘I”'-“ﬁ"'““ ;;""If‘g"“‘"ha“‘“ i L Sme= = S ket jm o8 Ministry of Science and ICT
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v *2$ %9'. oug

» LU-SGS =X
- 010k, 232,
v A2 FI0|MA HI=

KSC2023

ScsaEINn R
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OpenFOAM M A 2E Ol

- SV =AU EH
v EI M3 % Ms TIHE 2B CFD Mg
QM0 ME 2, S5, a8 Al

HiOl= BARAM =03 Al2

KSC2023 " NSC35"- : : = S
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OpenFOAM M A 2E Ol

- A EE]
v HAMA solver, M2 GUI =13 JHE
v open sourceE 0|28t S8 OTZ A

Integrated Graphical User Interface Program

MESH

OpenFOAM OpenFOAM
SnappvHexMesh Solvers

KSC2023 'NSC35" -
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=
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0 D e n FOAM A} Oi HI ﬂ Q ml HUZE R5H4 D =ty AER BE-FE A /018 8y
— = = O HEMOS-HVAC HEMOS-BRK HEMOS-TUBE
I

HEMOS+ |

- Sliie)|= 5 EH
v MO XIS Pt QEAA TZ )W MHIA op  l—
v Oge A RES ZS0ls HE MUlA Pre
- M&S SW HEMOS-FLUID solver
. FIAHBELME - MyKSC Post
« AOIHAM SHE - EDISON [ HEMOS-Structure ][ HEMOS-Fluid

[—— e
———
HEMOS-CLOUD

KISTI S2t2E M&S A

EDINON .

EDISON

Everything for Computational Science & Enginee

THE BRIDGE TO COMPUTATIONAL SCIENCE FOR EDUCATION AND ADVANCED RESEARCH

Learn More

KSC2023 ; 2 Scsapmmumuzan e



OpenFOAM M A 2E Ol

« S A

v JIAr3stEHE KIMM Cyber Lab

v S2JI18 AXUNE AIEYI0IM XIAS S HE AMH[A

v KIMM-Flow A{H|A

KIMM S=0 102178 Helsuot 2Ry
AT MoNa TN SuNEA 87 e

7|&x| &

KIMM Cyberlab

KIMM 2271121781 TEL : 042-868-7009
AL e FAX : 042-868-7082 €

KSC2023 :NSC35"

| RTINS
[KIMM-Structure] [KIMM-Flow] [KIMM-CAM]

[KIMM-CAD]

deHaBEFAR
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CloudOiAM @l OpenFOAM & Tt Infrastructure

« AWS, Azur, KISTI, Bescale, SIMSCALE, PACE
v CAE software SaaS
v JIZE9] On-Premisestil tHHIkl= M{E& S/W AMHIA
v AI2X= HI2 88X0! AIZ20] 22

Microsoft Azure ~ vimware

amazon ) (9 SOFTLAY=R'
- an IBM Company

webservices

LERTLOGIC SECURITY-AS-A-SERVICE '

- NBP, KT Cloud, Kakao Enterprise, Google Cloud

- CSP + CAE S/W + MSP = Saa$

v 834 22N 8 2aud| o] 0|™
v OXIEMEHDXICZ AIZ TAH A&

- JIEUI(Gartner)0fl =™ 20234 717X o2 MIZ
v A2 R&D XI¥ 3AH St

KSC2023 'NSC35" -
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TEAO HE, oy X HAS

Open Source Open Source CFD
CAE / CFD ~OpenFOAM®-
Consulting

2011 HIAE

2012. Xl 12| OpenFOAM St=3 AH2X} 2 2(0KUCC) JHX]

2013. AI8S| = OpenFOAM 9134 JHAl / MIHSES / JIGSMATA M/ ATNLMHIAY AT
2016 ILWSIATL USY Q5 SAT WA’ JIE O1F

2017. SAWNIIA JISHEIIK-ESP) M / HATIHY

=3 PIAMOPARHIT = I HATE =S :csz,gquwmt;g_a_m oo ST ETAR

5 th
Aoy =1 oL gael =y
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(FIYAEE

OpenFOAM, OpenCasCade, NETGEN, Gmsh, ParaView-Python 7| & 0|83t
CAE/CFD Processing Consulting

- Clorst B2 S HA/HYY (DB CFDBA 84 8o )+ OpenFOAM 28, 7|&Xid
+ AHERH 2E T HY(BARAM, ESPER) + FFLUEIRE (OKUCC)
o RISAYZEM BT /SEEIIA & Clet Moy g Al + BASEREIIZNYE

« Open Source CFD Packaga [ AEXHEIE (GLI)
-Windows LinugMac 05
SHEL T2 5 EE R0 ST AE s
+ Pre=Processing : SnappyHexMesh, cfMesh,
Mesh Comersicn(msh, com)

* Post-Processing : Paraview, Patch,Cutting Plane Contour,

- Ste] erd i Eaty By
« Crersh 07|04, Cloud Platiorm
+ Processing
- HIffEd, HHE, SEETE, CRE, RIS,
ChsislE, ~2at
- FHE a8 R

HAIZE A E20IE]

whE 2| CFDSH A S0 Cfft d-HAnWE HE0s A6 A5 e FRE Y7 o Eels o3
FIZCIO|E AaE 22 LS BE, Uy i =20 OfF N RETE 4 A AeSa0d 4y
FlHue SR HY F)EE G E Ee DER QoSS HARISE 8t

T o H] Y2 WY W REZU0] O S MY =E s

CHOJE] H|O|2 4, 295 g, CHES 34, B|%) Al 0|E 5 B 34 2RO O One-Click Selution H|2

Iso-Surface Vector Plot, Streamline

ICT 7He M&S + 213 7He « 9 Cijo|g|

HaE ooje 48
CFD Simulation

« TR ok G U F100E) 7 IR eRI R ST HE 24 7102 Y £ EFE B 0 0l5H
[H= DESE AT TASIE] Enddoend R4 HS) B W Y
+ HERTEEE I AR COE B TS HEE) (il PR HIEHY AS 4 UE T 4R BY
A EEETI0 A2 W YHC|= A P E

» Fully Automated MUltiphysics Simulator — « 71& 2%} 7| o4F wet

* S27} 71¥ 218t A8 CFD 814 =20 ¢ ZRL[IRS GHOME FHE &R

« 2w FL0| RAX} 7|@0HCE * FAMUS 84| 5t 2|t AR} S o4 T2 03 ol
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- PR SMPLEFIMPLER IEIEE MBS HI2EY RE0S - VOF7IMS AHEE R4 81, 7HIE0}M B
« HEI Coupled SHE ABH 224 RESHY . BUE E 6, MBTEEE) ALY
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OpenFOAM solver JHM At

=H 211dES M
v Pressure-velocity coupling 2 JHM
v velocity, density interpolation 2% JHM
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v Density based implicit solver using LU-SGS algorithm
v Pressure based solver using flux splitting scheme
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CAE Software Cost vs. Effort
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v Al, Machine Learing, optimization S& 3+ .
POD (Proper Orthogonal Decomposition)

Demon simte implementation of GFD Demonsirate efficiently scaled 30 exaFLOPS, unsteady,
algorithms for extreme parallelsmin CFD simulation capabiliy onan maneuvering flight, full engine
NASA CFD codes (e.g.. FUN3D) exascale system simulation (with combustion)

CFD on Massively Parallel Systems
PET, EXASCALE

ROM (Reduce Order Model)

PINN (Physics Informed Neral Network)
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CFD on Revolutionary Systems
(Quantum, Bio, etc.)

PhysicalModeling

Algorithms

Geometry and Grid
Generation

Knowledge Extraction

Improved RST madels
in CFD codes
Hybrid RANS/LES
Integrated transition

ES rediction

Chemical kinsties
Combustion calculation speadup

Convergence/Robustness , Automated robustsolvers

Uncertainty Quantification (UQ)

Highly aceurate RIST models for flow separation
an

Unsteady, complex geometry, separatedflow at
ro jiaht Reynolds number (e.g. high i)

o e—

Unsteady, 3D geometry, separated flow
{2-g.. rotating turbomachinery with reactions)

WMLESWRLES for complex 30 flows atapproprate Re

Chemicalkinetics
inLES

Multi-regime
turbulence-chemistry
interaction model

Glid convergence fora
complete configuration

Production scalable
entropy-stable solvers

Scalable optimal soivers
Large scale stochastic capabilitiesin CFD

Characterization of UQ in asrospace

Fixed Grid Tighter CAD coupling

Oy

Reliable erorestimatesin CFD codes Un certainty propagation
Large scale parallel capabilitiesin CFD
mesh generation

rutomated in-siu mesh
with ad aptive cantrol

AV

Adaptive Grid Froduction AMR in CFD codes ‘

Simplified data

Integrated Databages ~ Tepresentafion

Creation of real-tir i-fid elity yCFD
simulations plus test data with cDmFIEle UQ of all data sources

o

Visualization
Define standard forcoupling
to other discipines

High fidelity coupling
techniguesframeworks
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On demand analysisivisualization of a ©On demand analysisivisualization of a
10B point unsteady CFD simulation 100B point unsteady CFD simulation

Incorporation of UQ for MDAO I

Robust CFD for MDAO simulation of an entire UQ-Enabled MDAO
complex MDAs aircraft (e.g., aero-acoustics)
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Supercomputing Everywhere Connected!
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