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o tERIEHNE (CFD)?

» CFD is short for Computational Fluid Dynamics.

BEHEEN HERENE.




fra2it&EREs1 = (CFD)?

» CFD is short for Computational Fluid Dynamics.

REMEXEA “HEREDFE,

> “CFDEIEF A HBENUERIR G AR R RSN AR EMHERKIR
(BlantER ) BMREEDIH — KERCFDEXHB P




fra2it&EREs1 = (CFD)?

» CFD is short for Computational Fluid Dynamics.

FEMEFER “HEREDZE",

» “CFDRIEF A ENRIIB AT RMREN AU KREMBIEXIR
(FlanteE R ) NRGHESH” — XKEZBCFDRXXHAB

» Fluid Mechanics GRIE71Z) vs Fluid Dynamics GRIZEHIZE) vs CFD



o tERIEHNE (CFD)?

» CFD is short for Computational Fluid Dynamics.

BEHEEN HERENE.

> “CFDEIEF A HBENUERIR G AR R RSN AR EMHERKIR
(BlantER ) BMREEDIH — KERCFDEXHB P

» Fluid Mechanics GR&71Z)  vs Fluid Dynamics GRI&E1HZ) vs CFD
HAVIERE:

« Fluid Mechanics: HRENGEIRE, SFERAFENE. REESHE. REHE

« Fluid Dynamics: #33RARY5 Hia] @R

- CFD: ER#ER AR KRB E]IE
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A simplified form of the
Navier-Stokes equations

Claude Navier George Stokes
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ik S e AN Y
201H 20 FL Y
» WRAFE (1875-1953): A EHIG. IREKAEM S, 5 IRESE
» BRI (1881-1963): IR

> ASIRELFRY (1886-1975) i Gtil it REMMNE . HiF-RA R
» Ff/RELR K (Andrey Nikolaevich Kolmogorov, 1903-1987) :Kolmogorov/X

., i e i E
» George Keith Batchelor (1920-2000): 17> I Journal of Fluid Mechanics

Universal equilibrium range

Energy
containing
range

Dissipation range Inertial subrange

Kolmogorov Taylor Integral
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SCHRIC 3K
» B IREIER L I CFD2 O T A SRy vl 7 (1933)
A. Thom, The Flow Past Circular Cylinders at Low Speeds, Proc. Royal Society,
Al41, pp. 651-666, London, 1933

» H A Kawaguti(1953) {8 F LK TS ALIE 2: 18 H 4 i TAE20/N
M. Kawaguti, Numerical Solution of the NS Equations for the Flow Around a
Circular Cylinder at Reynolds Number 40, Journal of Phy. Soc. Japan, vol. 8, pp.
747-757, 1953.
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> 20HZ2604EX, NASARYTIAR
+ Particle-In-Cell (PIC) method
+ Marker-And-Cell (MAC) method (Harlow and Welch, 1965)
« Vorticity-Stream function method
« Arbitrary Lagrangian-Eulerian (ALE) method
+ Original k£ — ¢ turbulence model

» 20 42704EK, FFEIET KZFSpalding#IBA:
- SIMPLEE %
« 2281 L — € turbulence model (Splading and Launder, 1972)
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» HIALIE Pre-processing
» K#ESE Solver
» [FALIE Post-processing
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» BIALIE Pre-processing
- Mg
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- MRS HFIA R LG

» K##2S Solver

» SR Post-processing
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» BIALIE Pre-processing
- E Mg
- RESBENBFREMMIRE, AIELSE/AAELS, RBES/HES, gEH1E, W
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- VIIRFHRIAF M4
» KAR=S Solver
- WESH: BHAE WMEF. &G EKRERS
- BITKRR
5438 Post-processing
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» EJALIE Pre-processing
e = n 4 ik
< IEBREA BB AER AR, _J-EQT/T—IEQ‘TH RS /59%:75, EEFHIE, W
wm, FNHN, KERNFF
. ¥R HIA R E G
» K#E=E Solver
- WESH: BHAE NoEF. KMHFIEKRFS
< BITKER
» JRRLIE Post-processing
- BEIENSHK, HwAN BAO EEE

s SRIAREIR: vectors, contours, iso-surfaces, streamlines
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Hedging a physical share with a CFD
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JeiE REE
C/Cv BRI BT =T 5001, 38, M
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1. An Introduction to Computational Fluid Dynamics: The Finite Volume Method
(2nd Edition) (ISBN: 9780131274983). F%%: H. Versteeg FIW. Malalasekera.
i hkE: Pearson. 20074FhR.
2. Turbulence Modeling for CFD (Third Edition) (ISBN: 9781928729082). 3 %:
David C. Wilcox. tifi#t:: D C W Industries. 20064Ffi.
3. Computational Methods for Fluid Dynamics (4th Edition) (ISBN:
9783319996912). F4: Joel H. Ferzigerds. Hihi#l: Springer. 20204-hR.
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1.2 OpenFOAME KR NTA

Ta VB A vs R B A

https://www.cfd-online.com/Wiki/Codes
w0 LR A & 4TI AT LA A A WL AL PR A
» ANSYS FLUENT » OpenFOAM » ICEM CFD » Tecplot

» ANSYS CFX » REEF3D > Pointwise » Paraview (FFI)
https://reef3d.

» COMSOL wordpress.. con/ » Gambit » Gnuplot (FFIK)
» FLOW-3D - SU2 https: » GMSH (FHi%)
» PHOENICS //su2code. » SALOME (JiK)
» STAR-CCM+ github.io/ » NETGEN (JFi%)
» CFL3D

https://cf13d. > TETGEN (7H%)

larc.nasa.gov/



https://www.cfd-online.com/Wiki/Codes
https://reef3d.wordpress.com/
https://reef3d.wordpress.com/
https://su2code.github.io/
https://su2code.github.io/
https://su2code.github.io/
https://cfl3d.larc.nasa.gov/
https://cfl3d.larc.nasa.gov/

1.2 OpenFOAME XN

EFEATFe “FOAM”, 19894
HHenry Wellerfl|i#, ttEEE
FHrvoje Jasak3t[EF %, 20044 1A
“OpenFOAM” FFi&

» FOAM stands for "Field Operation
And Manipulation"
> OpenFOAMAMRZCFD
- RER—MERAKEPDERT A
+ It can be used to solve (m)any
equations




1.2 OpenFOAME XN

4 R IKF

. %E%?ZEE “FOAM”’ ]_989!',5'E > T}Dé&ﬂ(i’z

HHenry Wellerfl|i#, ttEEE

FHrvoje Jasak[E]FF %, 2004514 . gg;@io;:&o@wﬁﬁ
OpenFOAM™ JFilR - BEHETHEAL)
» FOAM stands for "Field Operation - AR A
And Manipulation" » PR

» OpenFOAMA XL ZCFD CRBRMEEATER
R B DL T A L REDRAAE SRIBBHT U R
+ It can be used to solve (m)any > BRI
equations o BT B R R KR K A

« M TTHk AN OpenFOAM




1.2 OpenFOAMERX N A — AL

2005.5-2015.12

OpenFOAM 1.1
OpenFOAM 1.2
OpenFOAM 1.3
OpenFOAM 1.4
OpenFOAM 1.5
OpenFOAM 1.
OpenFOAM 1
OpenFOAM 1.
OpenFOAM 2.
OpenFOAM 2.
OpenFOAM 2.
OpenFOAM 2.

2.

2.

2.

2.

3.

OpenFOAM
OpenFOAM
OpenFOAM
OpenFOAM
OpenFOAM
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6
7.
7.
0.
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1.
2.
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4.
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openfoam.com
openfoam.org
cpp.openfoam.org/v8

1.2 OpenFOAME A7}

YVVYYVYYYYYVYVYVYVYVY VY VYVvYVvYYVvYYyYy

2005.5-2015.12

OpenFOAM 1.1
OpenFOAM 1.2
OpenFOAM 1.3
OpenFOAM 1.4
OpenFOAM 1.5
OpenFOAM 1.
OpenFOAM 1.
OpenFOAM 1.
OpenFOAM 2.
OpenFOAM 2.
OpenFOAM 2.
OpenFOAM 2.
OpenFOAM 2.
OpenFOAM 2.
OpenFOAM 2.
OpenFOAM 2.

3.

6
1.
7.
0.
0.
1.
2.
2.
2.
3.
4.
OpenFOAM 3.0.

COoOONROORORO

openfoam.com

V'V VVYVYYVYVYYVYVY VY VYVYVvVVvYVYVYYy

OpenFOAM v3.0+

OpenFOAM v1606+
OpenFOAM v1612+

OpenFOAM v1706
OpenFOAM v1712
OpenFOAM v1806
OpenFOAM v1812
OpenFOAM v1906
OpenFOAM v1912
OpenFOAM v2006
OpenFOAM v2012
OpenFOAM v2106
OpenFOAM v2112
OpenFOAM v2206
OpenFOAM v2212
OpenFOAM v2306
OpenFOAM v2312

T8 - AR LR

2015.12-

openfoam.org

VVVYVYVYVYVYVYVvYYy

OpenFOAM 3.0.
OpenFOAM 4.0
OpenFOAM 4.1
OpenFOAM 5.0
OpenFOAM 6
OpenFOAM 7
OpenFOAM 8
OpenFOAM 9
OpenFOAM 10
OpenFOAM 11

cpp.openfoam.org/v8

TREMLT



openfoam.com
openfoam.org
cpp.openfoam.org/v8

1.2 OpenFOAME R NZA

:srcs s

atmosphericModels
combustionModels
conversion
dummyThirdParty
dynamicFvMesh
dynamicMesh

engine

fileFormats
finiteVolume
functionObjects
fvAgglomerationMethods
fvMotionSolver
fvoptions
genericPatchFields

lagrangian

mesh

meshTools
MomentumTransportModels
ODE

OpenFOAM

0sspecific

parallel

Pstream
radiationModels
randomProcesses
regionModels
renumber
rigidBodyDynamics
rigidBodyMeshMotion

rigidBodyState
sampling
sixDoFRigidBodyMotion
sixDoFRigidBodyState
specieTransfer
surfMesh
thermophysicalModels
ThermophysicalTransportModel
topoChangerFvMesh
transportModels
trisurface
twoPhaseModels

waves

[]: OpenFOAM 8 HisourceHF
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1.2 OpenFOAME KR NTA

:solverssS 1s
basic discreteMethods financial lagrangian
combustion DNS heatTransfer multiphase
compressible electromagnetics 1incompressible stressAnalysis

[Z]: OpenFOAM 8 HisolversH 3%




1.2 OpenFOAME KR NTA

:tutorialss l1s
combustion electromagnetics IO resources
compressible financial lagrangian stressAnalysis
discreteMethods heatTransfer mesh
DNS _incompressible multiphase

[%]: OpenFOAM 8 HitutorialsH R




OpenFOAMZ % — Linux&RZ B 1t

» OpenFOAME M EFR "available for Linux, macOS and Windows 10", SERR_E#B
B it

R & Elinux-based system, winl0 EtHE2Z%EKFE Windows Subsystem for
Linux (WSL). https://openfoam.org/download/windows/



https://openfoam.org/download/windows/

OpenFOAMZ % — Linux&RZ B 1t

» OpenFOAME M EFR "available for Linux, macOS and Windows 10", SERR_E#B
B it

=R Elinux-based system, winl0 EHEZ&%ETE Windows Subsystem for
Linux (WSL). https://openfoam.org/download/windows/
» OpenFOAM v8E MR linuxT- & BL¥E:
+ Ubuntu 16.04 (xenial), 18.04 (bionic), 20.04 (disco)

+ OpenSuSE Tumbleweed (June 2020)
+ Centos 7


https://openfoam.org/download/windows/

OpenFOAMZ % — Linux&RZ B 1t

» OpenFOAME M EFR "available for Linux, macOS and Windows 10", SERR_E#B
B it

=R Elinux-based system, winl0 EHEZ&%ETE Windows Subsystem for
Linux (WSL). https://openfoam.org/download/windows/
» OpenFOAM v8E MR linuxT- & BL¥E:
+ Ubuntu 16.04 (xenial), 18.04 (bionic), 20.04 (disco)

+ OpenSuSE Tumbleweed (June 2020)
+ Centos 7

» Eilllinux®%t (Ubuntu 18.04/20.04) :

- WAEG /ML FRG (HE, EFEHEMwinEllinuxffis)
- winl0 — WSL (GRERIE, REHS1THEN)

- linuxEERAL (ATEERTERE)

. MIERERYE (RealVNC, teamviewer, autodesk, [6] HZ&Z, ZM4Z 20048 A)

- SSHIZFEER (putty®, REGLITHR)



https://openfoam.org/download/windows/

i P A B 5 3
» Graphical User Interface (GUI) & MAE
« EflwindowstRIE RS, fil L E £
o PhREBCRBR LT
- AR, BERET
» Command Line Interface (CLI) #7217
O N LA YN WY
o CLI/shell: MEEELELHURITE A, LB, B, LibSHRERSHIIT.
« i WL[PJshell: bash(Bourne Again SHell), tchsh, ksh, zsh
« FATEZE A Hibash shell




bash shell &4}

BRIAM&ZH, sRITH
» ATLUEIT “bash --version” &EZEbashhiA
» AT N SEFEE— A, —RMEEIT

» cnd1 AV RMIHE B ST out_file: cmdl > out_file
» EMHINEIHESCIH: cmdl < in_file > out_file
> MIHERRENEHFE: cndl >> out_file

exportMenvifiiH T BIMETE



w=HLinux bash %%

B FT S FKnewFolder FENHE

mkdir newFolder cd dir

A= A3 HrnewFile AN E—E it

touch newFile cd ..

EHIfHile S SR E PR A/ XXk
cp file file_new 1s

B HI30 - FKfolder M HETEI AL E

cp folder folder_new -r pwd

WE(Eaa)X iR/t RERYAEFRAXH

mv folder folder_new grep -r ./

W FABiIngt¥Z “Linux cheatSheet”, AILASZIE FLinuxf${T



Linux #R®H

HTafEExXLinux& 4t XY

» SSH » gedit:GUI, FlwindowsH it AR
» SCP/FileZilla B GEED
» VNCServer/Viewer > vi/vimEd o g g, (A B PR
https://www.realvnc.com/en/ (HER)
connect/download/vnc/ | > emacs:DJREIEE EA, (HERE K
LinuxZ i 5 3R b5 > \%/PS: pdf. word. excel. ppt#3gEfi

» AT DL E G EC,
C++,python,Fortran%s

» Debugger: gdb

20254 B E (ERKE A FHE LR


https://www.realvnc.com/en/connect/download/vnc/
https://www.realvnc.com/en/connect/download/vnc/

OpenFOAMZ %

» RECHIFNIER, BiEWopenfoan.org/download/8-ubuntu/
- R E S, BERZBEFTErootilR, BIEARLZHER ATRETEIRFrootil
PR, Ett—MRENT—HF

» MRS THRIFE, BRIl openfoam. org/download/source/
- GRIERTEERK, RLERTAIERTEANNE, RAKETAERZTEON W
- FRIBKZ EFAREATIMETERE. lInuxkiAFEE, FEARNICIE
- TRV AGTZEMI, EBZUbuntuEMAR L E
ubuntu. com/tutorials/install—ubuntu—desktop,E%Ubuntu 18.048%20.04,
OpenFOAM 8


openfoam.org/download/8-ubuntu/
openfoam.org/download/source/
ubuntu.com/tutorials/install-ubuntu-desktop

OpenFOAM MNIBEKBBiH#HITHRIF

L sk, FHENZHR

mkdir $HOME/OpenFOAM
cd $HOME/OpenFOAM

2. TR ELER

git clone https://gitee.com/cfdxu/0OpenFO0AM-8
git clone https://gitee.com/cfdxu/ThirdParty-8

3. BLUT—ITB AS$HOME/ .bashrcEa—{T, PAF1BE{Tsource $HOME/.bashrc
source $HOME/OpenFOAM/0penFOAM-8/etc/bashrc



OpenFOAM MR RS 1T 4m15E

4. PRIFRTRELERM Ubuntu 18.04% L E CEEEHIRTA g8 ELH1T)

sudo apt-get install build-essential flex bison git-core cmake zliblg-dev
libboost-system-dev libboost-thread-dev libopenmpi-dev openmpi-bin
gnuplot libreadline-dev libncurses-dev libxt-dev

5. #EAOpenfoam-8, HIT4mIF, -j1EHIFFTEAMEIALKIE - j4EAR4%IE
foam
./Allwmake -j

6. WIERB AT, runFMFcd $FOAM_RUN

mkdir -p $FOAM_RUN

run

cp -r $FOAM_TUTORIALS/incompressible/icoFoam/cavity/cavity cavity
cd cavity

blockMesh

icoFoam 5?
!



ParaView#& & ##2 (Linux)

ParaView@—# iR, BEEHIEIMFATMILIZRF, BHwindows. Linux, Mac
0S, FHHAXFFHIT
1. HE#& % paraview
sudo apt install paraview
2. BHERBREMI
run
cd cavity

touch test.foam
paraview test.foam &



= F OpenFOAM P 4

- HPF

cfd.direct/openfoam/user-guide/

> CH+iRARS F AR
cpp.openfoam.org/v8/

> OpenFOAMEWiLIR, JLFFrBOFERER ] LATEIX B4 E

cfd-online.com/Forums/openfoam/

> OpenFOAME M _EHILinuxigRa

cfd.direct/openfoam/linux-guide/
RERSE—FHEER, MRMKEERN, TUEERKRBERANBE., FHe.

> EWE,]/A/%?\ |X_.|J-llj
CFD®. CFDzji&. CFDIBEE. FEiRts. CFDHXXM



cfd.direct/openfoam/user-guide/
cpp.openfoam.org/v8/
cfd-online.com/Forums/openfoam/
cfd.direct/openfoam/linux-guide/

BRI ER

> IR :
- 5SECHRAEHEEE
- SIsCEk R RIS /AR
- HHROpenFOAMP EHE .

» FESRASA:
o RIBARFER, XOpenFOAMKAERS . IBREHHITZAFAL
- NAEBREERA—NEZRZHETHRENCIM
ﬁopenFOAMEﬁ%’ﬁﬁﬁnlﬁﬁ Rz

aﬂ%ﬁA %, REKARFK. FEEHH(10 min PPT+5 min i1i¢) 3H28H
(SE5R)



Thank you.

MADFATAER, BT LR, 55!
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