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NEXTfoam
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OpenVFOAM

FAMUS®

Meshless CFD

. Open Field Operation And Manipulation
. Open Source CFD Tool Box
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Welcome to the Extend-Project
c rity-driven Rel of OpenFOAM®
The gou ofhe xtnd.Prjectia 1 opan the OpenFOALAD CFD tolbes o commnity

contributed extensions in the spirit of the OpenSource development model.

OpenFOAM Source & Ltvary
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Numerical
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4 Matrix solver

data Postprocessing

i i i

s 11 T —
v

Dynamic Eq. 814 RE WY oE ,:I:Mﬂ

SEALEE O]t 34

Shroud Release dli A4

| 712k E&E%’J-!'

B g

HAUXIM &Y (Photogrammetry) ]




Open source software

cQEAAAD E%IO1(€-7H“-\E E9l0f)2t?
S} BIHEOf Uk S
=R, E A B 4 ULk

y — 1

SW(Free Software)E E st 52 O|0| 2 AL

>
>

|
|> ™ A A

S22 7', Apache A H], FireFox 2l E 2t X|, MySQL G| O| E{H]| O]
A2H= python/PHP/Perl 04, Eclipse &...

.Boss‘
‘ redhat “ce “/;”a"a
Linux, ORACLE — T\
MysaL.
CITRIX
Google l'l and>x0Id cloud. "



—

<| o0 il

< o -

00 ~ foll < —

c o= o 2 o W

H - 0 =< oF

o N 0l RO % -

oo jn < <k

= B

< N = = Joll _|__

= o o

TG ok oF T 4

o U K . K K4

ol i 9 ol oT

~ <] o“_o s R} T mno S

- < = o < F T =

S —w oy owl m

O M joll |

Kl oF gr Mo HI H H RO g

= . B _ < B < T A
= IR ol 4 =& 4 % 4

K I " ™o
£ U U I S

|_||_ <0 o= |._A||_ ) — —<

O |A < —_— L|O _An_ L|O ._O|_ L|O O<
o o = O = P = R = 4
D < = © S © ﬁo © oy ©
O HEENZ M/M I T pa i ¥ - 1) ﬁ_

| <z % =z =3
= <L A 35 = of = R
7 <1 ub ol 150 33 350
— BT e ™ o2 ™ < W B
e | | | |
5



Open source softwar

*CAE QEAA T2 S

= CFD
OpenFOAM, Code Saturne, SU2, Typhon, Palabos, Gerris, FDS, REEF3D, OpenFlower

= FEM
Code Aster, Elmer, CalculiX, DUNE, deal.ll, FreeFem++, GetFEM++, Hermes, IFEM,
FEMM

= Pre/post
Salome, FreeCAD, Gmsh, Paraview

Download Guides Forum Training News

SU’" : The Open-Source CFD Code
—— p—

TANFORD | Q[

b 2
2 alyze. Optimize. Design!

Computational analysis tools have

S SaTr— Code jAster revolutionized the way we design aerospace

systems, but most established codes are

& Elmer 9 B
csc Search on the website

Engish v

Prosentation Presentation
Example of studies.
Eimer Salome-Meca
e The presentation booklets accessibia hera depict the functionasties of Code_Aster
ks and Salome.

Binaries Elmer Tamé sivu suomeksi el
Documentation St ComsRRmon To know more about Code_Aste, follow the inks in the meny on the eft

Open Source Finite Element Software for Multiphysical Problems Siebwann 2 Wpiwe ks
Sources and compilation
Application examples
e Elmer is an open source multiphysical simulation software mainly developed

by CSC - IT Center for Science (CSC). Elmer development was started 1995 < 2
White papers in collaboration with Finnish Universities, research institutes and industry. Sl
Presentations After it's open source publication in 2005, the use and development of Eimer
User forums has become international.
Eimer on Grids Elmer includes physical models of fluid dynamics, structural mechanics,
FAQ electromagnetics, heat transfer and acoustics, for example. These are
Links described by partial differential equations which Eimer solves by the Finite

Element Method (FEM). Fronch version ‘Gorman Version
Services and contact

These pages are intended to give information on the Elmer software and to
improve the information transfer in the Eimer community.



OpenFOAM

* Open Field Operation And Manipulation

Open Source CFD Tool Box

/222t B (field)2) O 2 X|Bi A Al4tS
25t C++ AATRE/EI0|EEE B3

2004 OpenCFD Ltd.0f| A v1.0 370

.« 2FO[M A : GNU GPL v3

AXH

= OpenFOAM Foundation : OpenFOAM V9

= ESI/OpenCFD Ltd. : OpenFOAM v2112
= OpenFOAM extend group : foam-extend-4.1




What iIs BARAM?

* OpenFOAM® based CFD package

 Developed by NEXTfoam Inc., open source with GNU
GPL

OpenFOAM e The OpenFOAM Foundation

nextFoam6 e OpenFOAM codes of NEXTfoam
TSLAeroFoam e Solver, Library, API

 Pre / post / solver control
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What iIs BARAM?

* Improve on the weakness of OpenFOAM

Accuracy/stability of solver

e Problems with poor mesh quality
e Sensitive to initial conditions

OpenFOAM code improvement

Complicate solver setup

e Many boundary condition files

e Complicate numerical method
setup & Data extract/monitoring
method

APl developement

Graphic User Interface / WSL

e Text User Interface
e Linux - unfamiliar OS, text editor




Capabilities of BARAM
B

e Incompressible solver with SIMPLE/PIMPLE algorithm

e Density based coupled compressible solver

e Pressure based all Mach No. range solver with flux splitting method
* Heat transfer solver : convection/radiation/conjugated

e free surface(VOF) solver

e Cavitation solver

e Incompressible/compressible species transport solver

e Passive scalars can be added

Turbulence model

e k-¢ : standard, realizable, RNG, realizable 2 layer
e k-m SST, Spalart-Allmaras
e Laminar, Euler




Capabilities of BARAM

e Create : snappyHexMesh, cfMesh

e Convert : Fluent, StarCCM+, Gmsh, Ideas unv

e Mesh information, Check mesh quality, scale, rotate, translate
e Create baffle/interior

e Refine first boundary layer cells

 Create axi-symmetry/2D mesh

* Region split

Boundary condition

e Velocity, pressure, flowrate, outflow, freestream, profile
e Atmospheric boundary condition

e Adiabatic wall, isothermal wall, heat flux wall, convection wall, thermos
coupled wall

e Riemann, subsonic in/out, supersonic in/out

e Open channel boundary condition

e Internal interface, rotational periodic, translational periodic, cyclic
e Fan, porous jump, symmetry, empty, wedge




Capabilities of BARAM

Cell zone condition

e Porous media, MREF, sliding mesh, actuator disk, fixed velocity
e Source term — scalar source, fixed value

Solver setup & control

e Initial/boundary/cell zone setup

e Numerical method, initialize/run options — set fields, map fields, potential
flow

e Batch run setup — Mach/AOA/AOS/boundary value
* Monitoring setup — force, point value, surface/volume value

* Report — force, point value, surface/volume(flowrate, integral, average, min,
max, CoV)

e Contour/vector display at patch and cutting plane
e Display iso-surfaces, streamlines, clip

e Create fields — Q, vorticity, y+, total pressure, wall shear stress, wall heat
flux

e Launch ParaView




Solver improvement — robustness

manifold

Standard solve

Residuals
1 T
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Solver improvement — stability

Residual

Internal turbulent flow past a partially closed value : a comparison between
OpenFOAM and FLUENT, Omid Ejtehadi, KISTI, 2019 OKUCC
Less than 1% difference compared to FLUENT

Residuals
1.000000

- T T T T T
ug — 1
g ——
0.100000 uf —— 4
0.010000 F s - =

0.001000 ;' 3
0.000100 ¢ E
0.000010 — 5
0.000001 -
0 100 200 300 400 500
Iteration
Standard OpenFOAM solver
- diverged

Residual

1.00000000

Residuals

0.10000000
0.01000000
0.00100000
0.00010000 &
0.00001000 §
0.00000100

0.00000010

0.00000001 L L L 1

0 1000 2000 3000 4000 5000

BARAM
- convergence reached

Iteration



Solver improvement — efficiency

e Volume Of Fluid(VOF) solver
* KCS resistance simulation
* Time advance scheme is Local Time Step(LTS)

 Compare the convergence history of drag coefficient

0.011 . . ! . ! . !

T T
standard solver
NEXTfoam solver

0.008 Lo Ko

0.007

cd

0.006

0.002 | | i | i | i | i
500 1000 1500 2000 2500 3000 3500 4000 4500 5000

iteration



Validation case — Ahmed body

- SR.Ahmed, EHESHEl RIS D8, S8 H AL
Z{0j If2 95 PZO| #3t Ay

* S.R. Ahmed, G. Ramm, Some Salient Features of
the Time-Averaged Ground Vehicle Wake, SAE-
Paper 840300, 1984

. 2 OT0IME ZAZO0| 255, YA E 40ms

o Cd: AAHEIM= 0.2849, A& ZH2 0.285

0.275 [

N N B T ) 0.27 . g %
0 200 400 600 800 1000 1200 1400 1600 1800 2000 0 200 400 600 8OO 1000 1200 1400 1600 1800 2000

time Iteration




Validation case — iIncompressible aerodynamics

« =L 100km/hr « L& 100km/hr
+ Standard k-epsilon * Cd:0.3090/0.3201 (Commercial code/BARAM)
« Cd:0.109/0.109 (Commercial code/BARAM) « CI:0.2031/0.2009 (Commercial code/BARAM)



Validation case — compressible aerodynamics

- HE7|H 4= £H - TSLAeroFoam

Fluent

OpenFOAM

* ONERA M6 wing +  DLR wing-body
«  Mach No. = 0.8395 *  AIAA Drag Prediction Workshop

e https://www.grc.nasa.gov/www/wind/valid/m6 * MachNo.=0.75
wing/méwing.html « AOA =049



https://www.grc.nasa.gov/www/wind/valid/m6wing/m6wing.html

Validation case — ship(KCS) resistance

« X9 +H S| E 25 VOF(Volume Of Fluid) ZH — interNFoam

* Reference : Kim WJ, Van SH, Kim DH, 2001, Measurement of flows around modern
commercial ship models, Experiments in Fluids

« U=2.196m/s, Fr = 0.26, Re = 1.4e7, Draft = 0.3418m, Wetted surface area = 9.5121m?2
e 953,801 cells

Drag coefficient Experiment CFD Difference

Pressure (C,) 7.250e-04 7.267e-04 +0.23%

Friction (C;) 2.832e-03 2.780e-03 -1.88%

Total (C,) 3.557e-03 3.506e-03 -1.44%




Validation case — hydrofoil cavitation

Viscous and Nuclei Effects on Hydrodynamic Loadings and Cavitation of
NACAG66(Mod) Foil section, Y.T. Shen, P.E. Dimotakis, J. Fluids Eng. Sep. 1989

20 - 2.01m/s

Cavitation No. : 0.84

Realizable k-epsilon

Baram-v63,

Cavitation model : Schnerr-Sauer

urface tProcessing  Help
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Application — high speed train

« HEMU(High speed Electric Multiple Unit)

» Speed : 400 km/hr (Mach No = 0.33)

« SST k-omega

 Pressure based compressible solver, PCNFoam

« Steady solution of drag is converged about 2000 iterations

B AL B,y ek LML [IELNA W i
i Gmlme FwdParany b

om =~ e VRGOTIR ATEILNTENC R

* v cancios | e Sy Nmited Fara Ve

| @misiepemien
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Application — drone aerodynamics

* Multi-rotor drones
* Rotor can be modeled with sliding mesh or actuator disk
 Incompressilbe flow solver —simpleNFoam or pimpleDyMNFoam

« Simulation for Aerodynamic database, effect of design parameters

Canard =

i;\’\\ " AP =
)=

\ 7 0y

V_inlet = 69.444 m/s
{250 km/h)




How to use BARAM

« Download at NEXTfoam homepage
= |nstall file, source code, tutorials, Q&A

» Use on Rescale cloud platform
= NEXTfoam BARAM / NEXTfoam BARAM Interactive workflow

'S o0g) | & gouplot - Goox m & gropht homepage = () E=aTy @ -
oHat B! « & hitps/rescale.com/platformy )& S
e -} © & o L ® Bwiss  HE @ o 5 & o L * @
R
[uNExwoam
e s V0 oty CFOUYY PRODUCTS EDUCATION al

—— ———— B
— - PRODUCT

AAAAAA ST AVL EXCITE AVL FIRE AVL FIRE M AVL FIRE M GUI AVL FIRE GUI
. . 3 S
CFD Enginee Consull - - - . - =
AVL Simulation Suite Bamtools MEXTfoam BARAM NEXTfoam BARAM
Interactive Workflow
I

0

BCFtools Bedtoals

BARAM" v s X " " X

Blender
s % Adbender  Adpiencer T BOXER

https://nextfoam.co.kr/pd-Baram.php https://rescale.com/platform/software-catalog/



https://rescale.com/platform/software-catalog/

FAMUS S/W

« FAMUS (Fully Automated MUIti-physics Simulator)
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* FAMUS Ul
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* FAMUS Solver
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* FAMUS Solver

Volume point

data
(for MPI run)
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* FAMUS Solver

GUI
{Input file / run command)

s O = "'O S| E — Flow calculation
TT O = = Result
(vik [ tec)
A A A Steady / N
- de /884, Euler / Turbulence =& S 4 _ Unsteady I
Volume point - Surface distribution
O 0= = x <11 A data . || - Volume distribution
- 6DOF /0|5 / HE 2H| 314 —— Kerodynami coot
GDOF - Residual
. SfA Ao =3 (Tecplot / Paravi - Trelectony
S Ir's =5 (Tecplot / Paraview) I
¥ O Hig LOJF O Hi1g
- BHRSEZE, SU RS EZXE
O = SHA = P
24 A i <gFsog 2 x>
-
. SEH Residual ) = L=
SERNY
Geometry | Result View  Graph Output am [l ParaView 5.4.1 64-bit (Legacy Rendering Backend) -
Aerodynamic Coefficient . + TERATION 4908/ 500 , PHYSICAL TIME STEP. 2 5 File Edit View Sources Filters Tools Catalyst Macros Help
I e | o e oo e PEEEPEFRGE KAD>DMS Tneo 0
Wl . accon ||| o Sromses o 4 @& ce s oo 5 - sulece - X3
ERROR 0.62030525049285812  ERROR MAX 6675.3982030317307 > S :
f e e EQ900890z 200 e e+
| |~ TIMEPERITER:  3.11952500 SEC Pipeline Browser Olayout #1x  +
/ \/‘ N 0.0006 ESTIMATED TIME LEFT (TERATION) : OHOUR OMIN 6 SEC = W SURMSH RESULTT R
= ~ \ommaL prcs @ | @ GroupDatasetsl -
Monitoring message 0.0008 U od] Monitoring message e ‘32‘;:‘1;:-!:3‘:;7-°°°°°°
ot || " . s N . > -esumsu Resulr d Data N
|- Residual history oo semmend © Calculation condition b Post processing
+ Aerodynamic coefficient 2]+ Residual & Error ke :Z:‘m;’;‘:s;‘f « Flow variables ,
o8| | { oz || somseno] *A€TOdynamic coefficient » cesumsiresurd o Aerodynamic coefficient + Paraview data format
) TooRAE WK W @ | #Oroupoataseisl. ||, o : + Tecplot data format
R | 77318402 2571E408 1L6OTEWL 2241EOS 1381E+0L g =i + Traj. / Vel. / Acc. P 145000
g os 0.0014 8 Properties  Information
Sl AN e ITERATION 499/ 500 , PHYSICAL TIME STEP 2 Properties &
0006 ||| Luren 300 OROER WP FLUX M AUSHPMS SURAGE. ADABATE Agply) @Beset # Deete 2
o Search ... (use Esc to cleart.
DIMIN :  1.7088323987738659€-005 DTMAX :  1.0579529242404837 =
-0.0018 ERROR -0.01460084170504708  ERRORMAX 7383.5005766805732 = Properties (GI 3 0 @~
ERRORMAXPONT 4084 ATNODE 71 i
= CSTRUATED T LEFT (TEMON - OWOUR OMN 25€C = Dispiay (Unst |3 0/
0.002 Representation Syrface
NORMAL PRESSURE FORCE COEFFICIENT OF OBJECT 1
02 UFT DRAG  MX Coloring
0.0022 3.2496-:04 8.410€-04 -2.680E-04 -5.166€-02 -8.8T0€-02 ° Cp v
SHEAR FRICTION FORCE COEFFICIENT wEdit ot ce e @
oal ! 0.0024 LIFY Scalar Coloring
77116402 25716405 1.69TE+01 22416404 13908401 R :
TOTAL AERODYNAMIC COEFFICIENT 1 — 1 — | ZB‘,
0 T % e @ % & =1
ieroilon 7 r'dfé.ce 2.57AE405 16076401 2.241E:08 13816401 Generate a glyph at each point of the input data set.
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 FAMUS GUI
= FAMUS 0| 21 2t 47

« Main toolbar, User input window, Visualizing window, Status bar, Monitoring window

FAMUS-v1.1l [~/Desktop/Project_vl2_2008526/Make_sur_mesh] <Fixed>

File Selling  Window  Help

BO® M PR EC O © 2FE@ = wmam &
Objects Geometry | Result View | Graph | Output BB
—_— mkdir -p ./0 (=
21 ‘1 3:‘. ;& ;ZJ B “ i “ mkdir -p ./0/Base

mkdir -p ./0/GenMesh

Name Type  View cp ng.opt ./®

c

- basic_finner_biunt06 Sl Edge = /home/dschoi/Desktop/Archive/5_ANF/Project_aft_20/basic_finn
ar_blunt06.step ./0/Base

cd

/home /dschoi/Desktop/Project_v12_200526/Make_sur_mesh/0.Surf
aces/0

. . . . . R python ../geo| 06.step -3
User input window Visualizing window & ./Base/bas Monitoring window
av ./Base/bas|
mv ./Base/basic_Tinner blunt06_size.dat

CAD geometry healing...

/Base/basic_finner_blun06.step

CAD Processing = Number of colours in STEP File: 0
Healing Tolerance 1.0e-8 Apply Highest entry in topology hierarchy:

1 solid(s)
Apply Successfully loaded CAD File: ./Base/basic_finner_blunt06.step

Building topology tree ... Solids : 1
Successfully healed CAD File: ./Base/basic_finner_blunt06.step
ng_res =0

Main toolbar

Add Del

Scale Factor 1.0

Surface Mesh Generation

= 32588342 Successfully extracted the Face Map....:24
Mesh Size (min} 0.325883 Saving modified geometry in STP Format.....
Fineness moderate % T T P T T

Grading B )| o3
Elements per Curv. [ 1 J
Elements per Edge 1|

Statistics on Transfer (Write)

P

S EAEC Bl ) 20 | Transfer Mode =0 LE. Asls  **++es
Uniform Refinement off o I - Transferring Shape, ShapeType = 2 sessen
** WorkSession : Sending all data
Generate Mesh Step File Name : ./Base/basic_finner_blunt06_healed.stp(2293 ents) Write

Done
~- BoundingBox Size -
(300, -45, -45) - (1e-07, 45, 45)

Face to assign Boundary Condition

Add Del Select | Cance
Done
Name
~-Size Information (max/min)--
Z 325883415031
k Y 0.325883415031
X
= | | >> Object(s) added B
= | Status bar | c

<FAMUS GUI >
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* Basic Finner
- e

- SHOI| Fin 4747t SAHEl CHEE 2

. EZEASUF FAMUS HHE
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2k

T=:3.0 x 10°

- B2 10°~10°

< Freestream value>

Freestream value Value

T[K] 250
Viscosity (Sutherland) [kg/m-s] 1.59905E-05
Density [kg/m”3] 0.20176
Pressure [Pa] 14483.82

N
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Figure 26 - Normal force coefficient vs. incidence
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Figure 25 - Axial force coefficient vs. incidence

< Experimental data, CN, CX vs. incidence>

[1] Dupuis, A. Aeroballistic range and wind tunnel tests of the basic finner reference projectile from subsonic to high supersonic
velocities. Defense Research and Development, Canada: Valcartier (QC); 2002. TM-2002-136.
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e Basic Finner
= S AL AL}
- CL: &7t CHH| X} CHX| 2 8% Of LK
- CD: A7) CiH| X} CHA| 2 6%O|LH, Z|CH 11%

CLvs.incidence comparison AOA 5
25
2
1.5
1
0.5
0
0515 15
-1
1.5
2
25
—O—Experiment —A—FAMUS_Turb.
CD vs.incidence comparison
3
2.5
2
1.5
1
0.5 W
0
-15 -10 -5 0 5 10 15
0.5
-1
—{—Experiment —A—-FAMUS_Turb.

< CL, CD vs. AOA > < Pressure contour >
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. CHAE| ZO)Z O[AFY S AF
- SH| 0l 471 2] WingZ} FinO| £&t=l &
- OpenFOAMIt FAMUS Euler 8i{A] Z 1} H| 1

FAMUS OpenFOAM

Element generation Self point gen. code
Flux scheme M-AUSMPW+
Limiter MLP 3rd

Time integration LU-SGS
Turbulence model k-w SST

cfMesh
Roe
Venkatakrishnan
LU-SGS
k-w SST

< Solver condition>



« IRIS-T

- S A A}
« CL: OpenFOAM CiH| @ X} CHA| 2 5% O|L{, Z|CH 10%

- CD: OpenFOAM Ci{H| X} CHX| = 4% O| LY

15

10

-10

-15

-25

CLvs. incidence comparison

AOAO

—1-OpenFOAM —A—FAMUS_Euler

15
13
11

h W & = w oun N
s

CDvs. incidence comparison

w

-20 -15 -10 -5 0 5 10 15 20

——OpenFOAM —A—FAMUS_Euler

25

AOA 15

< CL, CD vs. AOA >

< Surface pressure contour >




 Sparrow Missile
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*  “Prediction Capabilities and comparison of Panel, Semi-empiric and CFD Codes for Missile Aerodynamic

Analysis”
o
= Faxd
Moo p(kPa) T(K) Reunit
1.5 18.1148 233.793 8.19 x 10°
— i | il

model

Point Distribution around missile



 Sparrow Missile
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*  “Prediction Capabilities and comparison of Panel, Semi-empiric and CFD Codes for Missile Aerodynamic

Analysis”
- 2 HP[2 AOA H3t
s C4: 2% 8% O|LHOl 2Kt
« Cy: % 3%O0|LHo| 2%}
e Cy: Y 7%O0|LHo 2%}

of & A==2l 4o =t 2

1~ 40
— = Exp 35 f_
—- _Fastras s
B — A di
05 ]
25 f—
o 20F —_—
= B =i CFD_Fastran
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sk
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<Normal force coefficient>

<Pitching moment coefficient>
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<Pressure coefficient contour>




ONERA M6 Wing

Operation & %E(Ma) Re CE

condition 0.8395

<Onera M6 wing surface> <Point Distribution for Onera M6 wing>



ONERA M6 Wing

B 23}

= NASANPARC % CtZ ojj & &8 A1t H| W
- EH O A4 B E2 B3t A X9 2= &9l

« Lambda shock =2

05 05

I Fa| I I | - I | - I | - I I Fa| I I | - I | - I | - I
0.7 0.4 [ [ 0.7 0.4 [ [
¥, HiL ¥, HiL

y/b = 0.65 y/b =0.90

g \
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o5 [
05 ]

PR S SR SR T S S S PR T T T A N S S N ST S I
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<Pressure coefficient of Onera M6 wing> <Pressure coefficient contour>



Moving Sphere

wikel
-« =X 7|E LS A F £ (Mach 2)E 7HK| = sphere
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- O|lz=H oA

- ALE(Arbitrary Lagrangian Eulerian) equations & &

M ,=0.0 M.=1.5
=H0|SHE=2.0 =H|0| 55 x=0.5

M ,=1.0 M ,=2.0

=H0| 35 E=1.0 =H0| 535 X£=-0.0




Moving Sphere
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EGLIN Store Separation

=
- 0|l Mo HA s B5ol7| /et £ £ 22 28
- Arnold Engineering Development CenterOf| A] 1991 0f| A|
- Fa oMl eXtFE WEA M HF
« t=0,t=017 A/ 2 2= A+ 40 B L

H 7
- FASH FK, XM 2 Hel 2Hikn

0o
S

ItFR RS =U>

Flow condition

M, = 0.95
P, = 35988.8Pa

T, =236.639K




EGLIN Store Separation

R

= Store2| BH 2 Ao, H A= EFCFD 21, 238 210t Hju

——— Cp_meshiess ——— meshless.
Cp_exp ——— meshless_y
Cp_fvm o x*l fmm,
t=0sec FHSH o
r r — — = tmy
S — — — mm_z
15

XCG, YCG, 2CG

ol o0 M ISR RN R
o 0.05 0.1 0.15 0.2 0.25 0.3

TIME ————— meshless_yaw
——— meshless_pitch
xl- *‘“ ———— meshless_roll
T ey
F exp_roll
|
-
3
o
T
(&)
E
o
zZ
>- -
_5;
ol 0 1
0 0.05 0.1 0.15 0.2 0.25 0.3

TIME
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M _ validation Test

Driven cavity P 7~ =

- 2R U2 2RSS | _
- Re=10002 &= 50! 3 &2 X % (steady-state) | i

= Centerline velocity profile Hl 1l
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2
A
4
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z\\s\n\\

Re =28000(H tt=0| s 7|F)

*  Expansionratio{H/h): 125

QP {x=8s)ZE : U=power law profile[n=1/7), V=W=0.0
* k4w SSTModel A £
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