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FAMUS 78 % 7|5 o

Meshless CFD

= FAMUS GUI
* FAMUS 0|2 2} 78
= Main toolbar, User input window, Visualizing window, Status bar, Monitoring window

FAMUS-v1.1 [~/Desktop/Project_vl2_200526/Make_sur_mesh] <Fixed>

File  Setting Window Help
5 ™ . e G2 g O @ « EB = wam@m 28

Objects Geometry Result View Graph Output &) (5]
. mkdir -p ./0 =
i L mkdir -p ./0/Base
mkdir -p ./08/GenMesh
Name Type  View cp ng.opt ./@

p———— cp
Edge = fhome/dschoi/Desktop/Archive/5_ANF/Project_aft_2Q/basic_finn
er_blunt06.step ./0/Base
cd
/heme /dschoi/Desktop/Project_vl2_200526/Make_sur_mesh/0.Surf
aces/0
python ../geo|

User input window Visualizing window v ./Basesbas]  Monitoring window r
as

Main toolbar

Aga Del

06.s5tep -3

mv ./Base/

fbasic_Tinner_blunt®6_size.dat ./

CAD geometry healing...

/Base/basic_finner_blunt06.step

Number of colours in STEP File: 0

Healing Tolerance 1.0e-8 Apply Highest entry in topology hierarchy:

1 solid(s

Scale Factor 1.0 Apply Successfully loaded CAD File: ./Base/basic_finner_blunt06.step
Building topology tree ... Solids : 1

surface Mesh Generation Successiully healed CAD Flle: ./Base/basic_finner_blunt06.step
ng_res =0

Successfully extracted the Face Map....-24

Mesh Size (min) 0.325883 Saving modified geometry in STP Format...

CAD Processing

Mesh Size (max) 32.588342

Fineness moderate s

B P T PP PP

Grading sesnnne
sesnne Statistics on Transfer (Write) haa L
Elements per Curv.

Elements per Edge AR R R AR SRR E RS RS EE KSR RAS R E e
Close Edges Transfer Mode = O LE. Asls  *=++e=

Transferring Shape, ShapeType = 2 EERTTE

** WorkSession : Sending all data

Generate Mesh Step File Name : ./Base/basic_finner_blunt06_healed.stp(2293 ents) Write
Done

Uniform Refinement ofr -

Face to assign Boundary Condition BoundingBox Size -
300, -45, -45) - (1e-07, 45, 45)

Done

Size Information (max/min}
32.5883415031

z

1< ¥ 0.325883415031
X
|

»» Object(s) added
Status bar |

<FAMUS GUI 7’d>
FAMUS 271 /2022 37| 8t 3% / 2022.08.26 FL'NEXTfoam
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= FAMUS Solver
T A}
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+ CAD/AX 23 27| 'a s

* Auto Healing / Cleanup / Orienting
- Ofetoy 7|8t 2™ AKX} 4"
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EAMUS

Meshless CFD

FAMUS 18 3 7|s

= FAMUS Solver

HH s - Al

Goometry | Resut view | Graph vt T FAMUS-v2.0 (~/01.Case/03.EGLING3.2nd. trial_220511) <Moving>
Acodynamic Coefficient || eeeerenees MERATION 498/ 500, PHYSICALTMESTEP 2 i -
ooooz ||| er 10.aoooocooos scosTy . inusoD o= mamDew
- UMTER 37D ORDERMLP FLUX MAUSWPW SURFACE ADIABATIC [ — -
f o Srermesees = |00 28 85 A% 28 22 A% remean — )———
N DIMIN:  1.7054417357910886€.005 DIMAX :  10579560628550580 _
o ﬂ o f ooos ERROR -0,62030525049285812  EAROR MAX 6675.3982030317397
{ B ERRORMAX POINT 4089 AT NODE t_o 109
[~ TWE PER MER:  3.11852500 =0. sec
y § 00006 ||| ESTIMATED TIME LEFT (TERATION): OHOLR OMIN 6 SEC
os /
e I oL res: I
Monitoring message 00008 urr  oR| Monitoring message
| 3142604 8.
0 : : : e
« Residual history siemmeno] © Calculation condition
E . .- o001 .
+ Aerodynamic coefficient T 23+ Residual & Error
osf || + Aerodynamic coefficient
| 00012 || TomaL AgRoDN
I DRAG MX MY Mz
N T.7116:02 25716405 169TER01 2241604 13616401
§ os i 00014 8
3 VA
40 I I A | IR | [pyseooson TERATION 499/ 500, PHYSICAL TIME STEP 2
/ A\ CFL 10.000000000000000  VISCOSITY  INVISCID
/ \ 0.0026 UMITER 3RD ]
04 ! L8 sesasansase !
! \\ DTMIN 79529242404837
|/ \ 0.0018 ERROR -0.61460084176594798  ERROR MAX 7383 5665766805732
o L AR ! . ERRORMAX POINT 4084 AT NODE 71
o SZO|M Ul o ||| TR s et
/ 0.002 ESTIMATED TIME LEFT (ITERATION) : OHOUR OMIN 2 SEC
o dH/HEY, tR 6DoF, HA/OlE ] S T | [NCN S0 R
o o oo, L-TT, ) O o / ) ’ z
| SHEAR FRICTION FORGE COEFFIGIENT
oa| |/ 00024 UFT DRAG  MX MY MZ Iy x 0,
E |_| E.I 2| [ T.711E:02-25716405 1697E+01 22416404 13906401
o TOTAL AERODYNAMIC GOEFFICIENT
g T ] % % % % U DRAG WX MY Mz
77116402 2.5TIE405 1.69TEHOL 22416404 13816401

teration
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Meshless CFD

= FAMUS 3{ 24X} 7|8 TEgY 2st

LYINEXT foam LYINEXT foam
FAMUS-v2.1 /\}%Z} | 5o FAMUS-v2.1 5E8d vjHd

°® @
E

Meshless CFD Meshless CFD
NEXT foam FAMUS 7fgd NEXT foam FAMUS 7§g
153-700, 42594 247 AE2 92 32 AT 1106% (& 10| Eda]) 153-700, 4&5¥A B4A7 AE2 02 32 AT 1106%(Z-2 10| Exe))
May 2022 April 2022

n!NEXT 'foam

open source CFD consulting

FAMUS 27l / 2022 37| st $13 & / 2022.08.26




EAMUS °

Meshless CFD

FAMUS-v2.1 §Ed ofd
1 Steady calculation: AIM-7 Sparrow missile

1.1 24

ol HF BAIAE ol A& Al A AW FA 2] FT nlAd AR v S s
. ad2s ajard e isF deld 59 nlahd 2 v7ha A2 (BVR) 22 15 10506 )
ALE A 5 AIM-O Ao|=eplT, AIM-120 @et 59 ALE 8 3T w49 A e
WRAR, & AgE gk
P2 AHAA vNL2 vEs\oHe Ses) dar. duaes oA vgARt o da
e FAE /P22 9le s FA0) F-3E W aspect ratiol 24t} o] 218 Fg B oFF w2
AOAIM % o] Aol A 2] wing-fin 7H4]-2 v| W32 wing-tail ZHd®c} o 20 @ 4 9tk ®
T A 82 E SE2 st 97o] mARLE 17 F BdE HD 4 el gl &2 ADA H 2
vlebe/ 2% W4, ST fin deflection Fo] WHorh. §al, &2 AOA 2] FA=HE
d2je F52 ARE A4l nAd 5l 28 wh "ok o] obf 4 Hde mArY
39 Al 2 3%2 =|AAE, vld g2 AU Qe «A3o] 4A g
ol#l FEe|doAE Afes nAdE fdste, HEE A G2 S5 od 229 Aveh v i
#2c} 5 482 Langley Unitary Plan wind tunnelo) 4] o}l 1.5 ~ 4.6, ADA 0 ~ 405 ¥ 9]
o dslA 49=9d. ¥4, T 3297} 4 Y412 "Supersonic Aerodynamic Characteristics of a
Sparrow 2 Type Missile Model with Wing Controls and Comparison with Existing Tail-Control
Results” =82 Zastgct. Ao eig-4-2 $15He " Prediction Capabilities and Comparison of
Panel, Semi-Empiric and CFD Codes for Missile Aerodynamic Analysis” =& ©] Aeroprediction,
CFD Fastran ZAzbelT v @atsich [

111 @4
2124 3 n| A e wing control versiono] AMEE|IT) njApe Lz ol 2ol HE

4 9ltk. tangent-ogive®] 4 o] wing®} taile] A7}#0 2 Biaks]e] 9tk wingZ diamond airfoil
Tl 2] sweep angle 455 Afcta]E mofo]rh tail nj3z}A] 2 diamond airfoil THE o]0}, sweep
angle 57%9) 47}% mefolch

o Ref. length: 0.5486 m (s)Abe &43F o)) [2]

o Ref. area: 0.000730 m* (v]A}4] frontal area, 7|5 0.003048 m, G4 A 2])

% 1.1: tutorial geometry

1.1.4 Az

of) 2%e AOA 0, 1R 4 o] mAld e B2 ATE velEth f=o] ADA 0%, SE20]
AOA 1159] siggich

L L.

1% 1.3: pressure contour at AOA 0, 11

obgflol, ADAS] 2 Z& A4 gho] Folx 9tk elsl T A4 axial foreo coefficient,
Oy, normal force coefficient Cly, pitching moment coefficient Cyy0]% A@gks} CFD fastran
Aeroprediction, FAMUS Bz}7} @ Gehtsic

I 1
0 10 20 30 40
aoa

2 1.4: Axial foree coefficient

FAMUS-v2.1 549 ofi79l

A% e gEsta B AZE A

4. Generate Mesh

L\,

19 1.10: surface mesh input

Healing Tolerance | Scale Factor | Mesh size (max) | Mesh size (min) | fineness
1.0e-8 | 1.0 | 0.0015 | 0.00015 | very fine

¥ 1.3: Surface mesh input

B49 B9 A4S HAd.

1% 1.11: surface mesh result

FAMUS 27l / 2022 37| st $13 & / 2022.08.26
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Meshless CFD

« A= 2F M /5| A3} FAMUS S5 sf| A "X}

FAMUS-v2.1 §E=d ofiwd FAMUS-v2.1 5229 o7 FAMUSv3.1 REY i
3 Unsteady calculation: EGLIN store separation 3.1.4 Az 3.2.3 Panel 2. Point system configuration
o} 18& EGLIN store separation £7419] 919 A4 X 23E Hejzth 9% 198 2E 14 Ehol2 o}F WHos Auetn, SEd D naz 4uge 9P 2 i 9%
31 24 240 diF &Y A4 BE2 K] Ade] ne} Fgo] olfFez ojFshe e AAY 4 i 25 g8sET
= 5, o= = =t — sec ~ t = 0.70secol 4 BA}o] 23]/ = Sheg]
BGLIN 4%& Amold Engineoring Development, Contor2] Acerodynamic wind Tunnols] 4 A% T 285 TYIAE t=000sec v ¢ = 0.T0secel A £ S1A/AAS A Fhs stk

1990 &2 2 49s]9ct EGLIN 2d& & 34 242 F45th (1) NACA 64A010 airfoil
T 9] 455 sweep delta wing (2) 574 2| A o] HE 9] pylon (3) 474 fine] Bilg B4 AL 0%
ZA( My = 0957 2845 35 2A(Mo = 1.2)414 dge] J@=Egick. 5ke] ohH Halg 9]
aha] ¢ = 0.034sec} 7] olgiuigFo s 9]=jo] ZHgate, t — 0.054sec O FREE 99 glo] 29
olaf| Pejck T FAFA AH, A dlole, S 2ol A 2] coofficient of pressure gt
ol A=l 97] el olF BAl F519 HF SdS deshe] S1g AR 259 4
o] 3 gick

o]¥ EEa]Ye] s EGLIN store separation B4 disle] &5 sf4& +@sia, s 2
BE AP 2 UE §F A4 2209 dae vesRt ¥4, $5 203 4¥ge "CFD
wing/pylon /finned store mutual interference wind tunnel experiment” =82 Fusigic. 2

t=0,55 sec

1}2] ebg-d-2 %)5}e] "Numerical simulations of store saparation trajectories using the EGLIN
test” =] ARHE v watA

t=0.65 sec

Boundary Layer 4

t=0.70 sec - ——
311 B9 1% 3.9: Point system
e Store ag pressure coefficient contour
— Mass = 007.1847 kg Point System | Type Moving
— COG = 1.4173m from store nose ol 2gat o), £2A2BRE 55§ elFE FA) cross section] N A A4S | Max Octree Size 05
t = 000sec, 0.17sec AFA AR 9% 1YL 1=0, QEZ TPL 1=0.17seco] G
= W, . Ipz) = (27.1163, 4E8.0044, 468.0044)k . W34 Aoz A FAMUS 2sbh B4 Asl FVM 23t A4 9ol Augt 3 | Mux Lova %

Octree (Both object)
£ AL 2T 4 Ak | Layer Octree Ratio 07

— Ejector force 1

* 10.6757kN & 1.2375m from store nose

| Alphat L0
— Ejector force 2 s (S99 | Alpha2 | 10
+ 42.T020kN & 1.7465m from store nose 5 ‘ Total Layer No. ‘ [
Boundary Layer (Object1) ‘ First Layer Height ‘ 0.00025
Wing ~ | Expansion Ratio |11
— [ Total Layor Mo s
~— £
. Boundary Layer (Object2) | First Layer Height | 00001
' '
| Expansion Ratio [11
Store o 35 O d s o B, o8 d F 3.3: Point system input
1% 3.1: tutorial geometry 1% 3.4: pressure coefficient at t =0 & ¢ = 0.17
35 3 12

FAMUS 227l /2022 37| s 9|3 & / 2022.08.26 uNEXTfoam
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AnySep V4 7| '& FAMUS

= 0t H e
= FAMUS 7|t o[ 22| s A A| E3[0| M =213 7|
* UI/CHEN S& oM R &/ XM Hof et R E/ SR EE HFAHLIZ 2

- Meshless solver
1. #30 = Moving & rebuilding points
* Navier-Stokes eq.

@ ﬁ, X/ XIMl / £ E 6. HOHIO|E

6 DOF solver M/ x=0] 8
= Euler eq. 5. Hlojli 4 / =

= Newton eg. 3 GDOF HI*I-

Multi-Body Collision * Kinematic eq.
Analyser

5. 5= HEH/ HEE HE

Impulsive forces/moments
between bodies

= Amplifier

= [ntegrator

= Comparator
V. = Actuator

2. =2 HIFLIZ

Attitude, position, velocity,
angular velocity of bodies
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Meshless CFD

= User Interface 72
« ClOFSt 2|7} AEH oz LAEl Sh27|/e%x 2a| 25|
- A8X 23U H= W/ZFHE| vl HE
» St37| 4 9|II— Ol mpel 2] EFX) y 23 Ol 3 DB
= QT ALERK| T/ Bl CHYTE AFE AlLtE| 2
« ZHERX o & OE 2% /X /52 4o|g

X ANYSEPvA [/mnt/t/Code/201111 test] X ANYSEPv4 [/mnt/f/Code/201106test]
File Case Sefting Window Help File Case Sefting Window Help
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* UEEL AHLIZ / AMUE R 2E 7HY
= O3 basis TEZUEL| X > CIYE TR A 22| AlL2|R B AL

Constant force : 60,000 N Constant force : 20,000 N Constant force : 40,000 N
Active time : 0.11 sec Active time : 0.11 sec 0.3m| 0.3m | Activetime:0.2sec
v
Translational constraint (x,y) Translational constraint (x,y)
w Rotational constraint (roll,pitch,yaw) + Rotational constraint (roll,pitch,yaw)
Active time : 0.1 sec Active time : 0.1 sec
< 0bj.2 > < 0bj.3 >
Constant force : 200,000 N Force with rising time: 200,000 N
Active time : always Active time : always
Translational constraint (y,z) Translational constraint (y,z)
Rotational constraint (roll,pitch,yaw) Rotational constraint (roll,pitch,yaw)
Active time : 0.2 sec Active time : 0.2 sec
< Obj.4 > < Obj.5 >
Constant force : 60,000 N Constant force : 60,000 N
Active time : 0.1 sec Active time : 0.1 sec
Separation distance v ¥
(allowable maximum distance
N between two points)
Translational constraint (x,y) Translational constraint (x,y)
Rotational constraint (roll,pitch,yaw) Rotational constraint (roll,pitch,yaw)
Tension Y Active time: 0.1sec V¥V Activelength:0.3m
< 0bj.7 > < 0bj.8 >

N

oot
OH
N
fo
02'-
r-III
L]
R
-
L]
to
K
2
mlm
r_.qt

gy P

NEXT foam

open source CFD consulting

FAMUS 271 / 2022 37|




AnySep V4 0'E FAMUS®

= QI EE| AL E / AHE|2 R E R
= Piston / Sliding / Pivot / Umbilical cable / Lanyard
= Kinematic constraint (6DOF)

= Time variant external force / Thrust
= Q[X|, A|ZF 7| & Boolean / Timing / Sequencing

0.02 47
4
s
| Y
001571 o Objo_XCG ez
[ | = Obj9_YCG e
[ | = obj9zcG
_ [ |+ oObj10_xcG A4
E o001k | —» — obj10_YCG 1 _
© ... »  Obj10_ZCG bl //f {, E
O 43 =
. / | 8
9 0.005 > 12 X
>- -
0
-1
-0.005; 0.05 0.1 0.15 0.2 0.25

Time after object9 separated [sec]
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EAMUS °

Meshless CFD

S=oiHd 2ENE

» SE M TAUCF /5= AX/EH A/ O S5 /1 E RK-4

s= 2%
+ 6DOF UE4 At =M 2IXIE 7|E22 5=

=H B2H S| ztu S Sdll s=HS #3

== Impulse A4t
Impact Mechanics Method &
Zt SH|of| ZH25l= ImpulseE A4t

ImpulseE Z 2ot 6DOF WA A At
ImpulseS 6DOF A0 Mg
= 22 M /X E ALt

48 & 7S

ol A
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Meshless CFD

S EZE N
= Scenario 1 : F-18 Store Separation Collision

o A = O = = S
. XS% HMET| B 20| Al B AT DA overation 198
= F-18 condition

= t=0.15secOM ME7| 27 220 5=

= 3= 0|%, SHO| 2| of2f 22 0|5

» 1=0.15sec
*1=0.00sec
1=0.30sec Cp

t=0.45sec 1.3

t=0.60sec 0.85

t=0.69sec 0.55
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= XpAeHE st R = S
= P I1|0-|EII 7|9k XtM| OHH 3} (Rate capture) 7|5 7+
(OIE=|) HEFA =T AME| S (%Eﬂ) =N 22 9 REM| 2
= FAMUS S Z38A /6 DOF 2 & > AN Q-3 > FAMUS
- Z3H 78I 2E 7

= Second order system

2
= i — _ ®n
§c  s?4+2{wpstwd

= Parameters: Natural frequency (w,,), damping ratio ()
* Risetime: 164/,

= Peak time: ”/w i

<mk84 ZFH X0 &= Ho|>
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« KPR 2 E T
» ZFH Iz Yo IHE 657t 23 S =
= Natural Frequency = 10 [Hz], Critical damped ({= 0.707)

Case# Mo Z3H ¥H [rad] H|2

1 Positive Roll [0.1,-0.1, 0.1, -0.1]

2 Negative Roll [-0.1, 0.1, -0.1, 0.1]

Case 2: Negative Roll ' 04

: Roll
: Pitch

8:5 i “Yaw | |

12

10

)
o
o

: Roll
: Pitch
: Yaw

'
(]
T

Rate [deg/see]
&

Attitude [deg]

o
!
o
N

42t

44 ' ' -0:2 '
0 0.05 0.1 0.15 0 0.05 0.1 0.15

Time [sec] Time [sec]

<Roll H|0f A& 20| H Auf>
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Meshless CFD

- TRAE
- STt EYeR ¢
- ST EYUME XS M
= T2t

D

<American MOPO]|

Bl q8cEs

« [& sample_noCompression.hdfo
€ 1_DOE
2 2_Geometry
v @ 3.CFD
@& Image_Sample
€ ONERA_MB_Wing
B4 Residual_History
Fesidual_History_noCompression
array_sample
« @ 4_Surrogate_todel
~ @ 4. 1_CFD_DATA
& Image_Sample
2 ONERA_ME_Wing
B Residual_History
Residual_History_noCompression
array_sarmple
2 5_Sensitivity_Analysis
2 6_Optimization

CASE

T m om  wm 2

SL

<HDF 7|8t2

2 725 G|o|Ef Hl0]A>
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Meshless CFD
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Meshless CFD

Aerodynamic coefficient
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0.05

=] CA_EXP

A CN_EXP I
——4—— CN_FAMUS_BT |
— = CA_FAMUS_BT

r = CA_EXP
03 a CN_EXP

—&— CN_FAMUS_BT |
—&— CA_FAMUS_BT |

0.2

BEEEERE EREEERREEE!

- CA_EXP

- CN_EXP
—&— CN_FAMUS_BT |
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Meshless CFD

UGF CZ-M 0.7

0.005
- Dikbas
0.004 | &
A Model 2
0.003 _
S O Model 2 _m-
0.002 (Script) _- -
0.001 - y_
00003~
0 5 10
AOA [deg.]

(Dikbas et. al. BMT)

M=1.2

UGF CZ-M1.2

0.005
0.004 =3 Dikbas
-~ ’B A Model 2
T 0.003
o O Model 2 B
0.002 (Script) -7
= -~
0.001 _
0.000 3@
15 0 5 10
AOA [deg.]
- u —
<Dikbas BMT ST EH UH Zx Y

CP:

UGF CZ-M25

0.005
0.004 |~ Dikbas
-~ E
0.003 A Model 2
N
o O Model 2 J
0.002 (Script) _
-
-
0.001 _ A
-
- -
-
0.000 [@
15 0 5
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AL
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Meshless CFD

M
« Ct0| &/ mieto|E 12
= Ot OS24 ~ XSS
« 2] A Oi2F0|E ;2071 O At
- 7I- _|-E.|-I]|E-|°| O=|'6'I=k| E17|- / 2|<__g_ ﬂ|-E_|-|:||E-| E%
« EEE] .u.|-E|-III|E-| 718tDB =5 > WIt> H > XS DB EE

Cross Validation: Surface-1 (Obj-1)

\ TP g 3.d 0.8
o I g L s 056 041 036
.'/ 5 - ¥ L3 3 4
0.2
005 & 051 -039 1
Ca
0.0 .10 0.15 210 0.23 30 0.35 )4 43 3
012 021 025 Calculated by anlaysis tool
Correlation N ; ;
) Coefficient Cross Validation: Surface-2 (Obj-2)
('.\1 - 1.0 u
£ 007 031 -009 )
g °
@ 0.0
e i 2 4| & 013 | 043 o016 s
CN ; e 'A'- w2 o - -
G ) AN ’ > - -1.0 0,03 0.0 0.0 006 007 008 009 0.10 011 0.12
z oo . : 014 0.37 0.02 Calculated by anlaysis tool
Cross Validation: Surface-3 (Obj-3)
C
o 002 04 016
L et [ e [ s S 002 037 -005
M, VA | i OB L e s Ju

002 { Sl 0.0073
Calculated by anlaysis tool

<MH <MEH % EH o2 <kriging 28 WX}HZ Z1}>

Aerodynamic_coefficient
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Meshless CFD

- 0 x [ e & 2ramug o - o x
able  import/Bxpor Dsta
i Sl A A H A XM
g ol 41 70| 2 & rFamus #| 0| 2
0, G_CaseFoldar = VM1 ZOMATOW1 i
Object Amibute nfe General Objct Info | 0 G caseFaider
L4 1 SAMPLIN
- EZrAAS Attribute Creation Order! [Creation Order NGT Tracked |
‘wéﬁﬁfﬁw‘ T EL T s - . CASEJJumDeri G,Pmﬁlct‘ G,VE'S\DH|PLCAL+PIMQSW3>(‘l
8 Input Name  Tupe iy Size oo Fnonly | iy v 7 1
- @ FESULT Location String, length = variasle, padding = HET_STR_NULLTERM, cset = HST_CSET_UTFG Scalar o Fronly G v K v : i
Ml Aerodynaric_Coeficient 2 0 G w K v i 1
Ri @004 Gt w K v 7 1
aoon Gt v ; v 7 1
E E 0005 G L ¥ v i 1
FAMUS E = Wy ko . =
@ 000 G v i¢ v 7 1
[ ) G W 20T K v i 1
[} @000 Gt W07 b v 7 1
[ 10001 1 Gt w7 K v 7 1
[ 0 ooz G W 3 v 7 1
@ 1280013 Finonly Gt w K v 1 1
Qc 180014 FinOnly G W K v i 1
@ 14015 Finonly G w K v i |
[
[
Q = « >
il v
GridFin_0001 =tp_at /1 SAMPLING/CAD_Fie/_[GrdFin_DB_MIZ0_AT0hdf5 in GWHDF_DB] [ dmsix1=2, startiDe. counta3t:E3a3. stidelxIxl | ~
[Output] at /1. SAMPLINGY [ GridFin DB_M120_410.hdf5 in G:¥+DF D] [ dims0, startd, countls, stridel 1 . R
CEE |

HA =+, X FE
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o -

cL <o Lo |
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0 |1.0e: 1.490538, 2 0o
50 1.564047., 0. 456063, -
D910210 @ [
& | [=
27120, 0.006118 My
273014
10 206 408 £O7 806 1005 12041403 16021801 2000
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FAMUS v2.1 =8 70 Atg FAMUS"®

Meshless CFD

= S| M ‘4 3 E %[ X3} (Phase 1)
= H{ZA
o S{AME MM HBA A A Z T2 HATL Y ZHQ HE AL
(Z1&) MPI 7|8 B 7 =0 EH[&H|5t O 22| A2 S7t
= Z| A3t
= 7|Z MPI 7|8t 2 E0f OpenMP &£ (MPI + OpenMP Hybrid)
= Y o2oge M2 7|Etcs Z2 0 Ha X =0l > XM}
= MPI Speedup2 FX|, HE2| A2 MPI ZEMA 17| 222 A4
= Output 25 binary /ASCII 2 2t H|0of, ot =H/d Al 7 =HHl 0|52 Za

Total Execution Time Maximum Memory Usage
450 70
MPI 400 60
350
50
IE|7{H 4 g 20
‘é 250 2 40
8 200 = MPI 30 uMPI
150 H OpenMP 20 ® OpenMP
100
OpenMP i §a 5 10 I
o , HIn Hn HEm Hm Hn
1 2 16 1 8 16
Number of Cores Number of Cores
<222 7/ B8 (OFeH) M= 2] A A <1.Pointgen_3D ‘35 H| 1! (ONERA M6)>
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= S|MH M A C X|EF (Phase 2)
= LY/ R T ng S 7i M
= L/ R EEOA &2 A[ZF S O[22 AR It}
= (7|&) 3D Ray-casting method
= Octree cellOFC} L £0ff ZX 5= mesh list M &
= Octree cell 77} BO}X|™H M 22| AFEZ S Z5IAH S7t

= (A1) =X 2D EALE > 2D ray-casting method

. 47.4 46
= |JK format2 2 mesh list X &} AQ A7t
[ -
- Octree cell |47t BHOIM = | 22| ALBR B7kx 4O
_— - 17.21
» SEQTHHR2E| AFS H| A 20 :
0.05 005 1414 [] 0.28
O — - —
Surface Prism Tree Revise_con
o A EOld mN
B2} 7h4 o
7f==0f H|H5I0] K 22| Z7t 15
10
5
0 -
Surface Prism Octreel Qctree2 revise_con
=—0ld =——New
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Meshless CFD

3D ENE| 2E

= 5™ FAMUS 23} > Volume Mesh 21} 1}
= S| A2 tetrahedralizationS S8 X3}
» TxE =& Oie|o 34 2= OO & mapping

» J|IEERE AQA7HDICH R2 EHE|E|

= HEO| X 2| AL (Volumpost _3D) 7H%&
= LC}QFSH tetrahedralization 2 E > Tetgen 2t0|E 22| &
= A7} H2IOHHY (ex. GASZ)2S MY F23tH/ LIHX| St tetrahedralization
= Cell-centered Z2|F & GlO|E & vertex-based 2 interpolation

1000

ne

x
0x
Jio
A

100

10

ELAPSED TIME

0.1

0.01
1E+00 1E+01 1.E+02 1.E+03 1.E+04 1.E+05 1.E+06 1.E+07 1.E+08

NUMBER OF POINTS

| —s— CGAL(32bit) CGAL(64bit) TETGEN QHULL |

<Tetrahedralization Of| A|> <Tetrahedralization 2}0| E.2{2| 45 H| 1>
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Meshless CFD

= 3D 2N B E
» U Z2XNE ERHECH M E ES
= Paraview: %2 22| E|
= Tecplot: 2R A[ZF It
» 7|l DES XIS =

= Mapping 2= 2k (B XY inverse distance interpolation A-Z)
ol HO|A Xe|: BAHF ST mO|HLE A H|/F7te|= 89 &

<3p £X2| Za}- P> <3D £X 2| Z1} - ONERA M6 Wing>
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Meshless CFD
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