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RESOS-v1.0.2%= OpenFOAMS 7|utoe g 7)dtd At
7)< AlE sttt

o A} A - snappyHexMesh ©]-&

o A} 9+d WM (Fluent, CFX, ideasUnv, gmsh, Star-CCM+)

python2.7, pygtk, vtk 58 A83to] OpenFOAM-2.3.x B AL 7]¥to & A 2t 9l ).

pyFoam, swak4Foam, gnuplot & AF&3tH dAEXZA A28t &9 (interNFoam), 73 7]
2 71 (alphaWeighted), € 2] E] (changeBCs) & AF-&3tr}.

2 Az 9 A3y Py

1) %5

2)

o

£ install file RESOS-v1.0.2 27} A=}
Bl u] g of| A install_file RESOS-v1.0.2 & T & ©]53}9] install 3L & A3

< A3t}
3) EuldolA RESOSE Y E3tAY =25 vlwolA RESOS ofo]2& Z83td

zZ239
o] +Edt
zg %o Ax5E AEL $FOAM_USER _APPBIN/ ot} A x] 7 &¢] RESOS-GUI-
v1.0.2 EH7} o] At

RESOS-GUI-v1.0.2 & 1 o]| += resistance, common, pic 5

5 3719] E e} A3 51 < RESOS.py
o] BAHTH

=g A 0E 2557 ANAL hee ZeadS 0] AH5of gofok ek
e OpenFOAM-2.4.x &2 OpenFOAM-2.3.x

- openfoam.org Ao E #Z
e pyFoam

- https://openfoamwiki.net /index.php/Contrib/PyFoam A}o|E ZF=x

o swak4Foam

- https://openfoamwiki.net /index.php/Contrib/swak4Foam A}o] E 2t



python2.7
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e pygtk
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o vtk
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e gnuplot
Cgnne) s El A AAH o] 98
- LBEA AXT o= gu g A "sudo apt-get install gnuplot” & Al 3
e rst2pdf
- SEENA AR uf= Eln|dof| A "sudo apt-get install rst2pdf’ S 41 3}
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@ - 0 Ship hydrodynamics - OpenFOAM-2.3.x GUI

Simulation [Resistance| v

@® New Project () Open Project

| Start Cancel

13 3.1: Launcher

4 F 3}'H(main window)
launcher& A st 19 4.18} 22 Fo] YEdT]

File Mesh Fields Report PostProcessing Help

O o EEOWE (0 w7V o © @da B o o surface |
M ind

<imulation conditions ressage window | Graphicwindow | shell window
s+ SIMULATION CASE: im/Kim/pro - Guide/RESO! SR,

Speed 1 ] |

113 7.3 |

Ref. Area 1 |

Turbulence Conditions

tur.model |Standardk-e -

inletk 0.0001 |

inlete/w (0001 |

Material Properties
Water Properties.
density [kg/m3] | 1000 |
viscosity[kg/ms] [0.001 |
Air Properties.
density[kg/m3] 1225 |

viscosity [ka/ms] |1e-5 |

Gravity

glm/s2l |0 | o | [-0.81

Apply



® Imenu

e tool bar : 'Run’, ’Stop’, 'Patch Scalar’, ’Cutting plane’, ’ParaFoam’, 'Reset’, 'viewdir.+x’,
viewdir.-x’, 'viewdir.+y’, 'viewdir.-y’, 'viewdir.+z’, 'viewdir.-z’ 1] 31l 'Close’ ¢} o] Z 9]
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o Al A7 *(free panel)

e Message window : AA 2] 2 E2HE K3y ZF MFE dAo] 5= d A HAAE
HojEoh

e Graphic window : AAE H oS

&

o]
e Shell window : @x]2] 2] Ul &S terminal window® H o] =t}

o X3 AE A} AAE HolF= a2 2 %3 surface, surfaceEdge 12| 11 wire-

frame 45 Aesto] 2@ + ot

2GR s AES

a9 ZFe Az 3d-S 4 u, Mesh freepanel®] 'Display Mesh’E A 313 wj], Boundary
condition A oA WL 'Display’ & W, point gt EYE & A] Y X} £ 'Display’ & o] AA=
Mol 9ok

s AEE PPL Tew 2ok

Order Control H}

Rotation Mouse left button

Translation Mouse wheel

Zoom in/out Mouse right button
F 4.1 v~ AEE Y

5 uy

W5+ File, Mesh, Fields, Report, PostProcessing, Help 52 o4l 7FA 2 FA = o] Qt}.



5.1 File
File W7+ o3 22 709 dEo2 74459 Itk

New simulation

'‘New simulation’2 | 2 2+ S A &3
2 oo A2e B2 249 A9 A
Mz AR 297 2AE L A #4

Fiiy

2~
0
=
)
1o
l

5l W] +o]t}. Launchero A2} vz 71 4] 7%
Fol ). M2 ZYE AASHE vAHA o

Open simulation

’Open simulation’2 7]&

93k v o]tk Launchero A2} upz712] 7| 5S
3y 7= FAY ZHE 4 A 2

Save As

‘Save As'e AA 2 FAe e o5& A7) AT M olth. ‘New simulation’>} wpzt
M2 MR ZHE AAsH7] A3 A4 Fo] ddth B AAH 44 AFE HolHE=
e ogow AR

Clone Case

o

'Clone Cases'= A% Hl ol Bl 7AA7A FEths AL A28 Save Ave} 22 25

s},

Clear Data
‘Clear Data’t= @A 2] S o)A A4H o] gl LE vlo|8 & AR gh

reconstructPar
reconstructPar't YEAHE ol AFE vlolEl7} 92w o) k] HelHE FAZ
o} HES Aty 13 5.19F 22 #Fo] 9]y 'SourceTime is latestTime’, "SourceTime is

All’ 18] 31 ’Select time’ 24 o] 9Jth



@ - 0O reconstructPar

" | |SourceTime is latestTime

" | SourceTime is All

Select times

1 0.4

0.2

0.3

0.4

reconstruct Close
19 5.1: reconstructPar 24 #

5.2 Mesh

Check Mesh, Scale Mesh 72] 21 Translate Mesh Al 7}FA] 3+ ® %71 2t}

Check Mesh

AR AAre] A E HolEt) checkMesh 22 EE A#ste] 2 ZFE shell windowol] A
HoZEth

Scale Mesh

Qo AL HEH AR} scales 2HE 371 IS W AHEslE 7Stk Adstd 1
g 5.29] o] ddth

x,y,z 2] scale factorE & 3lal Apply’ HES F2 W transformPoints € 2] E] 7} A
3= o] scaleo] X A=t}



@ - 0O Scale mesh

Set scale Factor For x,y,z

0.001| 0.001 0.001

Apply Close
19 5.2: Scale Mesh A& #

Translate Mesh

Qoje 7L} AAN Axe] A o 5AA BRI} AL wl Agse J5olrh ARs
79 539 o] G

x,y,z & MEE A "Apply’ HES F2 W transformPoints € 2 €] 7} A = of
A2L7} o] FH T

% - O Translate mesh

Setvector forx,y,z [m]

1] 0 0

Apply Close

19 5.3: Translate Mesh A% %

5.3 Report
pyFoamCaseReport.py Z 215 o]&5to] A A4 cased] Ao FAIS) Fot
‘caseReport™= @A) 29 FT 9l caseReport 2he 0] 59 HAE 5tYg WET GUI FollA
Ho]Zt} createPdf’= A 2] ZT | caseReport.pdf = o] E29] 31Y-S W1 evince

meaRdA YL Kol ZT)

5.4 Postprocessing

'paraFoam’¥} 'paraFoam -builtin’ = 7}A] &-&-o] Qlt}. 'paraFoam -builtin’-2 paraview?] 7]
H Z-M o 9/]61] paraview 7} G- H T} ‘paraFoam’& AW PS wf HE Ao &l decompose
H A2FHES AT 4 917 w2l -builtin ¥4 2] ARgo] Z g 3tTh



6 Tool bar

'Run / Stop’, 'Patch Scalar / Cutting plane / ParaFoam’, ’Camera Controls’ Z12]3 ’Close’
R EEEECERE

O ¢ A= K Ak b adaik e

12 6.1: tool bar
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FEE AAte] AFE AL

A 9] controlDict 3} 2] stopAtS writeNow Z B} 5= 0]

g 992 et ANe TG

!

== (ParaFoam)< & ¥ &} paraFoam A2

o)t}

frinL)
o,
o,
o

sttt W79 paraFoam3} Z+

o =31
E v O 1

@(Close)% =935t

"Camera Controls” F-&-2 Z2f 3 ol tjaZd o] H 3H view pointE A7gs) &t
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7 Simulation conditions

Q’(Sim. conditions) & 8 3H AMAEA F(free panel)o] 218 7.12} Zro] YEU o33}
=]
h

Lol Axkel 223 724U 2E = 4

Simulation conditions

Speed 1
LBP 7.3
Ref. Area 1

Turbulence Conditions
tur. model Standard k-£ =

inletk 0.0001

inlet g/w 0.001

Material Properties

Water Properties

density [kg/m3] |1000

viscosity [kg/ms] |0.001
Air Properties

density [kg/m3] |1.225

viscosity [kg/ms] |1e-5

Gravity

g[m/s2] |o 0 9.81

Apply

2% 7.1: Simulation conditions freepanel

rol
=

1) A¥te] £ % LBP, Reference Areas 949

1A

2 ) ’Turbulence conditions’ g F oA Y7 B AZ A &5}
23 u= omega) FH= Y3k

A& dF 22 th23 2ot
e standard k-epsilon model

e RNG k-epsilon model

11

17-9] k2} epsilon(k-omega Al €



e realizable k-epsilon model
e k-omega model

e SST k-omega model
3) 237279 24 e gD

g2 wE e gdar).

o
A

W
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8 snappyHexMesh

"ha“‘(snappyHexMeSh)% st AA A4S AT M AAA F(free panel)o] 17 8.18} o]
U 'Geometry/BlockMesh’, "Castellate/Snap’, 'Boundary Layer’e] Al &2 o 2 1A=}

snappyHexMesh

Geometry / BlockMesh

waterline |0

Base mesh
min. |-100 -100 -100
max. |100 100 0
nodes |20 9 35
STL file BlockMesh

Castellate / Snap

Set Size Level
Cells Betwen levels |5
tolerance |1
nSolveriter |30

nRelaxlter |20

Boundary Layers

No. of layers |3
Expansion ratio |1.3

1st layer thickness |0.0005

No. of cores |1

Advanced Set

Create Mesh

19 8.1: snappyHexMesh freepanel
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8.1 Geometry/BlockMesh

'waterline’S 8 38lal ('waterline’2 7] =™ 9] z F3k) 'STL file’ HES w8 A9 stl
S A8 s ‘Base mesh’®] A o] A5 22 Y H AT FA|l ‘Boundary Layer®] st
layer thickness’ %= AFe o= AR At 23 Folle MBS stl 3tdo] 17 8.29 2o

BESRERSS

1% 8.2: STL 3+ %A

‘BlockMesh’ | E2 Z 23} blockMesh -2 2] g] 7} A3§% 11 18
ane wolz.

<)
o
=2
[
o
oo
w
1o

N

N
o,

13 8.3: blockMesh 23} 3% A
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8.2 Castellate/Snap

'Set Size Level’ /] E2 =21 13 849 Ho] 44
d&sta "Apply’ HES FE2W 42 277 2F AT
@ - 0 sizeLevel
Surface Level Feature Level
3 DTC-scaled.stl 3
Apply Cancel

=}

9 8.4: size level A A

"Cells Between levels’, 'tolerance’, 'nSolverlter’,

8.3 Boundary Layer

"1st layer thickness’&
y+ 1002 71& o2 AAE gholth

'No. of layers’, ’Expansion ratio’,

layer thickness’ k-2

nRelaxlter’ & ¢

ik

t}. surface2} feature lineol| A2 level 2

sy

"No. of cores’of] A8 CPU core?] 745 &3} 'Create Mesh’ HES 21 topoSet
refineMesh, snappyHexMesh 59| F2 2 E]7} A= 1 A X7 A A

"Advanced Set’ HES F2W 18 859 #o] A& snappyHexMeshDict 3} of] A=
ZvE AR e IAT & Ao

@ - 0 Advanced Setup

Castellate meshQualityControls
maxLocalCells 20000000/ | maxNonOrtho 75
maxGlobalCells 20000000 maxBoundarySkewness |20
resolveFeatureAngle 30 maxinternalSkewness 4
allowFreeStandingZoneFaces |true maxConcave 80

Snap minVol 1e-13
implicitFeatureSnap false minTetQuality 1e15
explicitFeatureSnap true il 4
multiRegionFeatureSnap true minTwist 0.02

e clavey minDeterminant 0.001
nGrow 0

minFaceWeight 0.05
nRelaxlter 7

minVolRatio 0.01
nSmoothSurfaceMormals 30

minTriangleTwist -1
nsmoothNormals 10

nsmoothScale 4
nSmoothThickness 10

errorReduction 0.75
maxFaceThicknessRatio 0.5

relaxedmaxNonOrtho 75
maxThicknessToMedialRatio 0.3

debug 0
minMedianAxisAngle 90

mergeTolerance 1e-6
nBufferCellsNoExtrude 0
nLayerlter 10
nRelaxediter 40

Apply Cancel

23 8.5: Advanced Set A& #
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9 Mesh manipulation

. (Mesh manipulation)& &3 3 AA A4 #(free panel)o] 17 9.12} o] EGT]

Mesh

Mesh type OpenFOAM -

Select Mesh File

Boundary Name Display
atmosphere
inlet
outlet
bottom
side
midPlane
hull

Display Mesh
1% 9.1: Mesh freepanel

9.1 Import Mesh

Tmport Mesh’= 2Z3% AAE ¢o] LAY o7 AAE WEst7] #3 F&olth. 'Open-
FOAM’3} "Convert Mesh’ 5+ 72 &A1 o] it}

'‘OpenFOAM’ S A €l3td 7|2 @ Z2& Z 2} (polyMesh &) & A9 2 Y2 7}A 2th

‘Convert Mesh’S A 8std o8 AXE W3l oF
A9 sQojojof k. AA Nl A2 T FLEE A
oA 747} Al B o

o fluentMeshToFoam
o fluent3DMeshToFoam
e ideasUnvToFoam

e gmshToFoam

15



e ccm26ToFoam

‘Select Mesh’ &< 2% 'OpenFOAM’ o] A& H Fejol A= 26 E AT + A= Fol
23l ’Convert Mesh’7} AHE AejoA = & AR = = %
Fo 52 A% 5ol ARH W B4 52 A WE Fd s APAT

fluentMeshToFoam®] 7-¢ -writeZones, -writeSets A& /\]-% stt). o] FAHES /\]-%'3}13
Fluentol| 5] A A8} cell zone R E3} bafled] AHE2 =2
7}A &t} cell zone AHEL 2 ZZ oA MRF, porous 52 cellZone 27 A uj PE/\]
dasteh A G Wil EAste F A ¥ (interior &2 wall)®] FH = 2 ZF9 FAWL
Z 7R A ¢kom - writeSets A AFR- S vl faceSet X 2 71A Lt}

l
o fo qu
s
s
=2
9}
(@)
@,
N
o
)
D
o,
v
@)
@,
cTz
r!‘
(o

fluent3DMeshToFoam2 ¥ = 9] &4 o] 9t} Fluent? cas 3}Y-& ¥H3stE= S0 33 wall
3} shadow-walle] AHE 2% 71A 2} baffle2 ZAAHOZE QAT 18] o] FEEEHE
21 A RS HEEHA] Boi)

Display Mesh

Boundary?] 'Display’ A2 A #3513 'Display Mesh'E 23831 A& AXe] AAHE ]
ZEAEY FE FL(000) AXl ZAATE 2O F ER AT 2F A9 Aol A
'surface’, 'surfaceEdge’ 12 11 'wireframe’ 24 & S A B3l & "Display Mesh’S 22514

Agste 2oz 442 TAU

o W oW TV oo MAE Rubkruas e  sufaed X
Message window | Graphic window | shellwindow

aaaaaaaa

19 9.2: Display Mesh <

16



10 VOF setup

mF(VOF Setup)= 2831 A AA (free panel)o] 219 10.12} o] YERITH

fvSolution 5} 9] VOF 297} B9 44 35S ddsis 22D setField §D 2/ EE ol

g3t 27] £HE AR Y3 HEo 7 o] A Qlth

VOF Setup
nAlphaCorr 1
nAlphasubCycles 3

cAlpha 0.2
icAlpha 0
MULESCorr yes -
nLimiterlter 5
alphaApplyPrevCorr yes X

Initial Water Level

min. |-100 -100 -100
max. (100 100 0
Apply

23 10.1: VOF setup freepanel

11 Boundary condition

**"Boundary condition’ W E-2 2 3}H AAM A Z(free panel)©]

1

Ao AR Ao AAWES o] Fo] YEh}L 1 L EX AA

o}, AAWe) BAL AR Aol A A of 9l 2ol Yehuth.
t/polyMesh/boundary S+2o] 4 49 ¥ type o vjszt] 7} 4

= O

3} wall, patch, symmetry 5= A =g 4 Q).



Boundary Conditions

patch name
atmosphere
inlet

outlet
bottom

side
midPlane
hull

1% 11.1: Boundary condition freepanel

type
symmetry
patch
patch
symmetry
symmetry
symmetry
wall

2t AA ™ A F e patch name'S HE S5 2 Aol

27 11.29] Fo] yEhdth
@ - 0 Boundary Condition - inlet
Name [inled
Velocity
Type fixed-U 4
U [m/s] 1 0 0
Pressure
Type fixedFluxPressure bt
alpha
Type zeroGradient v

k, Turb. kinetic energy
Type

k [m2/s2]

epsilon
Type

epsilon [m2/s3]

a9 11.2: A A

fixedvalue

fixedvalue

Apply

=

A A

AA 2A AL &5, 48 alpha, UH R R o=z 2

18

0.0001

0.001

Close
4% %
d€th

i)

Sk AR

A

%

tlo

[
4

30

rlr



11.1 %X (Velocity)

A 2732 Typedt 1o g 44 % ¥z F2dh

3}

S5 3A 24 typel 2 AA T 5

o Ve AL,

type 5 48
no-slip - -
fixed-U U %= 9 H(Ux, Uy, Uz)

surfaceNormal-U

Velocity magnitude

pressurelnletOutlet Velocity

zeroGradient - -
moving WallVelocity - -
E 1Ll &5 AA 24 AR 24
Velocity Velocity
Type no-slip ~ Type pressurelnletOutlet| v
Velocity Velocity
Type fixed-U - Type surfaceNormal-U .
U[m/s] |1 o | lo | Velocity magnitude [m/s] |1
Velocity Velocity
Type zeroGradient b Type movingWallVelocity| ¥ |

a3 11.3:

7 4% 270 el 0 25 ofele] U

// no-slip
type fixedValue;
value uniform (0 0 0);

// fixed-U
type fixedValue;

value uniform (10 0 0);

// surfaceNormal-U

2 BAA 24 AR AR F
gL o33 Zo] AAHETH

19



type surfaceNormalFixedValue;
refvalue uniform -10; // (=) : into domain

value uniform (0 0 0); //place holder

// volume-flowrate

type flowRateInletVelocity;
volumetricFlowRate 10;
value uniform (0 0 0); //place holder

// mass—-flowrate

type flowRatelInletVelocity;
massFlowRate 10;
rho rho;

rhoInlet 1.0;

// pressureInletOutletVelocity
type pressurelnletOutletVelocity;

// zeroGradient

type zeroGradient;

// movingWallVelocity
type movingWallVelocity; // for dynamicMesh

11.2  ¢}¥ (Pressure)

e AA 27 typeox AAT ¢ Y 2ALS E 1129 21 A4 Fo)

o e AT

type I

fixedValue Static pressure

zeroGradient -

fixedFluxPressure -

alphaWeighted -

20



Pressure Pressure

Type alphaweighted i) Type zeroGradient ~
Pressure Pressure

Type fixedValue ™ Type fixedFluxPressure X
Skatic pressure [Pa] lo ‘

23 11.4: 438 FA 2A AR 4AH F
Z- b 270 tish 0 & ofef ] pargh 32 o33 o] AT

// fixedValue
type fixedvalue;

value uniform 0;

// zeroGradient

type zeroGradient;

// fixedFluxPressure

type fixedFluxPressure;

// alphaWeighted

type alphaWeighted;
pRefvalue O0;

phaseName alpha.water;

value uniform 0;

[y

1.3 5 (k, epsilon, omega)

G5 AA Z2AL k, epsilon, omega 52 2oy WF o ulgl L3 Fielde] A7
HBo] vebdrt. fixedValue, zeroGradient, inletOutlet, wallFunction 234 7|2 o2 3l k
= intensity &7 epsilon< mixingLength 2 A& A& 4= Ut}

intensity & 72 turbulentIntensityKineticEnergyInlet & A2 A}-& 3} ™ mixingLength & A2
turbulentMixingLengthDissipationRateInlet 272 A8 3tc}.

Zh AL 31139 g AA o 2 19 11.59 YER gl

21



type = A48 %
fixedValue k 2=
zeroGradient - -
inletOutlet inlet k(epsilon...) 455
wallFunction - -

intensity intensity Lan A
mixingLength Length scale length scale

k, Turb. kinetic energy

Type

k, Turb. kinetic energy
Type

k [m2/s2]

k, Turb. kinetic energy
Type

Intensity

i 11.3:

wallFunction

fixedValue

intensikty

UR BA 24 AR AA

k, Turb. kinetic energy

N Type zeroGradient v
k, Turb. kinetic energy
~ Type inletOutlet )
lo.0001 | Inlet k [m2/s2] |0.0001
epsilon
' Type mixingLength I:]

e
o

Length scale [m2/s3] | 1 ‘

I 115 35 AA 2 A AR AR F

7+

WF 249 g5 0 &9 oFgl 9] k, epsilon, omega 5] 3L t}-S-3}

2ol 373

e},

// fixedValue

type
value

fixedValue;

uniform 1;

// zeroGradient

type

// inletOutlet

zeroGradient;

type inletOutlet;
inletValue uniform 1;
value uniform 1;

//place holder

// wallFunction for incompressible

type

value uniform 1;

kgRWallFunction;

// epsilonWallFucntion,
//place holder

omegaWallFunction

22



// wallFunction for compressible
type compressible::kgRWallFunction;

value uniform 1; //place holder

// intensity for k
type turbulentIntensityKineticEnergyInlet;
intensity 0.05;

value uniform 1; //place holder

// mixingLength for epsilon
type compressible: :turbulentMixinglLengthDissipationRateInlet;
mixingLength 1;

value uniform 1; //place holder

12 Internal field

W (Initial conditions) S 8t H AA A A F(free panel)o] 18 12.18} Z+o] vrehdt).

Initial Conditions

U [m/s] 1 0 0
p [m2/s2] 0
alpha 0
k[m2/s2] 0.0001
epsilon [m2/s3] 0.001
omega [1/s]

Apply

13 12.1: Internal field freepanel

AAH ZES Internal field gHo 2 AMRH T}

%= WE, &8, alpha.water® dF o] we} k, epsilon, omega 3t 4T 5 k.

23



13 fvSolution

I (Solution conditions)E &3 3td AMAA #(free panel)o] 18 13.12} Zo] YEAT]

fvSolution

Solvers / Convergence criteria

Fields
p
U

turb.

Fields

turb.

PIMPLE

nMonOrthogonalCorrectors

Solver

CAMG

smoothSolve

smoothSolve

smoothSolve

Tolerance

1e-9
1e-7
1e-7

1e-8

nOuterCorrectors

nCorrectors

Relaxation factor

p |1.0

U |05

Apply

Advanced

Open
Open
Open

Open

relTol
0.0
0.01

0.1

1

turb. |0.5

Set Default

13 13.1: fvSolution freepanel

fvSolution®] 422 *Solvers / Convergence criteria’, 'SIMPLE/PIMPLE’, 'Relaxation factor’
A Az FRE,

"Apply’ HEZ 21 system ET ool fvSolution 3} ©]
HES F29 A AL FA A uHd

732l ’Apply

)

24
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13.1 Solvers
', U, ‘turh’, ‘alpha’e] i3t Ao g U 4 9lom zhzhe *Solver’, *Advanced’, toler-

ance’, 'relTol’(relative tolerance) 2 <A E t}.

p9] solver+= 'GAMG’, 'PCG’, ’smoothSolver’ & stUE A& 4~ 9l o, U, turb. alpha?]
solver+ ’smoothSolver’, 'PBiCG’, '"GAMG’ & stUE A& 4= 9l

Z & o] Advanced-Open B Eo] Q=] o] & F =2

Z_l
SHol i AR 2F S = A

)
[
o
—
o
[\
i)
3
rlo
o)
o
ne
ACh
k]
r >
)
Rs)

@ - 0 psolver advanced

maxlter 20

PCG

preconditioner

GAMG
smoother DIC M
nPreSweeps 0
nPostSweeps 2

[ cacheAgglomeration
agglomerator faceAreaPa ~
nCellsinCoarsestLevel |10

mergeLevels 1

smookthSolver

smoother
pFinal
tolerance 1e-9
relTol ]
Apply Default Close

19 13.2: Advanced setup &
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AF Z 710 IE 3 sub-iteration WjEol AAF Al 7ko] 2@ AElE A$ maxlter kS £ 4E
A o
=

=
| o SF sub-iteration<

i
e
=
30,
Tﬁ
Z

af
)
N
(@)
o
fru
i
o
i)
g
o
ot
e
(r

GAMG

e smoother : GaussSeidel, symGaussSeidel, DIC, DICGaussSeidel, FDIC, nonBlocking-
GaussSeidel

e nPreSweeps

e nPostSweeps

e cacheAgglomeration
e agglomerate

e nCellsInCoarsestLevel

e mergeLevels

PCG
e preconditioner : DIC, FDIC, GAMG , diagonal, none

smoothSolver

e smoother : GaussSeidel, symGaussSeidel, DILU, DILUGaussSeidel, nonBlockingGaussSei-
del

PBiCG
e preconditioner : DILU, GAMG, diagonal, none

13.2 PIMPLE
a4 FEE O3 2ok
e nNonOrthogonalCorrectors
e nOuterCorrectors
e nCorrectors
e maxCo

e maxAlphaCo
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13.3 Relaxation factor

p, U, turb.o] o3} relaxation factorS &3ttt turb.o] Y3 k2 k, epsilon, omega,

nuTilda ol AF2-H ).

14 fvSchemes

'fvSchemes’ HE-S Z 831 A4 #(free panel)o] T17 14.12} Zo] YEhITh

fvSchemes

ddtschemes Euler v
off-centering coeff.
interpolation linear -
gradient Gauss linear v
limited coeff.
snGradient relaxed v
limited/relaxed coeff. |0.5

laplacian Gauss linearrelaxed| ~

limited/relaxed coeff. |0.5

divergenceSchemes
bounded scheme None v
U |linearupwine ~ coeff.
tur. |upwind - coeff.
a |vanLeer X coeff.
Apply Set Default

13 14.1: fvSchemes freepanel

14.1 ddtSchemes
AE S 5 e FEL olee] Al R oL,

e steadyState

27



Euler

backward

localEuler rDeltaT

crankNicolson

crankNicolsonS A &3} off-centering coeff. & A A3 4= 9t}

14.2 interpolation

AE S 4 Q= FEL oleje] Al AR ol

hud

ek

e linear
e cubicCorrection

e midPoint

14.3 gradSchemes

Sk 4 9l B2 ool Wl A o]tk

r>~
)
o

e Gauss linear

e leastSquares

e fourth

e cellLimited Gauss linear

cellLimited Gauss linearS A1 ®13}H limited coeff. & AA T 4 9t}

14.4 snGradSchemes

AEE 5 Qe FEL oo dF FA ol

fud

et

e corrected

e relaxed

e uncorrected

e limited

e limited corrected

e bounded

e fourth

1

relaxed, limited, limited correctedE A1 &3} limited /relaxed coeff. & 4

il

28



14.5 laplacianSchemes
T A= FEL oY oA 7HA ol th
e Gauss linear corrected
e Gauss linear relaxed
e Gauss linear limited
e Gauss linear limited corrected
e Gauss linear uncorrected
Gauss linear relaxed, Gauss linear limited, Gauss linear limited correctedS A EH 3} limit-

ed/relaxed coeff. & AA T 4= 9t}

14.6 divergenceSchemes
bounded schemeZ AH§-3F7 L obF A= ARGSHA] 3= o Tt
U
Uojl Abg38F 4= 9l scheme t}S-3} 2t}

e upwind

linearUpwindV
e limitedLinearV
e vanLeerV

e SFCDV

e GammaV

e limitedCubicV
e linear

e skewLinear

e cubicCorrected
e QUICK

e MUSCL
limitedLinearV, limitedCubicVE A}-& Sk uf] limited coeff. & A A 4= St}

linearUpwindV, vanLeerV, SFCDV, GammaV, linear, skewLinear, cubicCorrected, QUICK,
MUSCLE A8 off limited gradient scheme2 A& 4~ QT

29



tur., alpha

k, epsilon, omega, nuTilda, alphaol] AF&& 4 Q1= schemea T3} 2T}
e upwind

e linearUpwind
e limitedLinear
e vanLeer

e SFCD

e Gamma

e limitedCubic
e linear

e skewLinear

e cubicCorrected
e QUICK

e MUSCL

limitedLinear, limitedCubicE AF&& W] limited coeff. & AR 4 Y}

linearUpwind, vanLeer, SFCD, Gamma, linear, skewLinear, cubicCorrected, QUICK, MUSCL
< A8 v limited gradient schemeS AF&8F 4=~ Ut}
15 Monitoring/Post

"Monitoring / Post’ HES 831 AMAA (free panel)o] 18 15.12} Zo] LERIT]

[*]

A 5 Aol BUHPL A8 447 AL S8 F AFE A9 98 F prow
WrolA gk,

15.1 Monitoring

"Point value’, "Surface average’, 'Flowrate’Force’ U] 7}X] &-Eo] 9l o Z+7tof tfst 2 A
AR 4t AL FolAY 7129 A4 237 QT Plot’ ES F2W 8= 7 1
Aol AAH AA 9tod

2 A2 'Close’ HEL 21 Jgl= 7} ¢glo] Attt AARS A 2H3}17)
'Plot’, ’Close’ W E o] 435 7] =1}
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Monitoring / Post-processing
Point value monitoring

Set Plot Close
Surface average monitoring

Set Plot Close
Flowrate monitoring

Set Plot Close

Force monitoring

Set Plokt Close

Force Report Probe Location
Patch Integrate Patch Average
Plot Residual Close Residual

1% 15.1: Monitoring/Post freepanel
13 15.2-2 'Point value’-’Set’ HES %S W] YElE= #olr}
"Output Intervale ¢ 23} "Add Point’ ¥
o
=

_»]__LE c‘geﬂ-g}_,_ H3t= Hﬂ]ﬂ s o /\71;14_\:
2UEY & 5 Ak

j=3e)
T =
] e
7

st

@ - O Set Points to Monitor

Outputinterval 1

Probe Locations
| AddPoint |

point name X y w2 1] p_rgh U T k € w

point1 () O O (] () O (] Delete Display

Apply Close

19 15.2: Monitoring - point A% %

2 15.32 'Surface average’, 'Flowrate’, "Force’ A| 7}A] &5 Ztz}ol] o sk A4 A
o

ge3t 2ok
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@ - 0 Set Surface to probe @ - o0 set Surface to check Flowrate @ - 0 Force

patches to check flowrate

Probe variables = Select patches for forces
= ["]|atmosphere|
L) B [ |hull
[J inlet
m
e [] outlet
Uu "] bottom
T [] side
[7) midPlane

Outputinterval |1
Probe Surfaces
"] atmosphere
[ inlet
[ outlet Density [kg/m3]
[J bottom Reference area [m2] 1
] side
- Reference velocity [m/s] 1
[] midPlane

CofR 0 0 0

Drag direction |1 0 0

Apply gance. Lift direction o] 0 1
Apply Close
Apply Cancel

19 15.3: Monitoring Al A7 %

e Surface average
- variables(p, p-rgh, U, T)
- Output interval

- surface A1 €4

o Flowrate

- surface A1 €4

e Force

surface A1 &

Density

Reference area

Reference velocity

Center of Rotation

- Drag direction

- Lift direction

32



15.2 = A1)

A 28 T AFHE A 4 9= 7|52 'Force Report’, 'Probe Location’, "Patch Inte-
grate’, Patch Average’, "Plot/Close Residual’ 5-©] $lt}.

probeLocation
A4 AT 9L W At AR e FAY 5 Ak 218 1549 Fol 4 W4E A
a1, pointo] 7Ref 1o W HEE 45t "Apply’ WES F 2 probeLocation 4 2] El

@ - 0 Probe Location

#Probe0(000)

Select Field p v # Probe ]
# Time
Probe Locations 1 -1e+300
Number of Points 1 v
point1 1] (1] (1] Display
Apply Close

13 15.4: Probe Location %+

patchIntegrate / patchAverage

% 15.5% "Patch Integrate' S AL w) vhehbs Aotk 7|29 ALk Aol A et
Ao g B2 £ A S ANEIA BolEth Patch Average’ HlfrE 22 Ao
25 gtk

@ - O patch integrate
patch to integrate hull M

variable to integrate p_rgh M

Create mesh fortime =1

Time=1
Area vector of patch hull[6] = (1.85962e-15 -3.63465 -6.28386e-14)
Area magnitude of patch hull[6] =9.65309
Reading volScalarField p_rgh|
Integral of p_rgh over vector area of patch hull[6] = (24.363 -23.0697 -36.2356)
Integral of p_rgh over area magnitude of patch hull[6] =-7.48301
End

Calculate close

19 15.5: Patch Integrate %

Force Report

7% 15.6% Force Report'e AEE w) ebe Folch 7 2e] A A4 force,
force coefficient& A AFs|| A B o] =t}
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® - O Force report

Select patches for forces

& hull
Density [kg/m3] 1000
Reference area [m2] 9.65
Reference velocity [m/s] 1
CofR 0 0 0
pragdir. |1 0 0
Lifedir. 0 0 1
force ForceCoeff

close

#—Pressure Force x,y,z—
hull:23.0731 -4117.66 8025.92
total:23.0731 -4117.66 8025.92

#—Viscous Force x,y,z —
hull:23.2247 0.270003 0.597542
total:23.2247 0.270003 0.597542

#—Pressure Moment x,y,z —
hull: 775.803 28569.4 16083.8
total: 775.803 28569.4 16083.8

#—Viscous Moment x,y,z—
hull:0.188898 -1.97727 -10.9822
total: 0.188898 -1.97727 -10.9822

#~Total Force x,y,z —
46.2978 -4117.389997 8026.517542

#-Total Moment x,y,z —
775.991898 28567.42273 16072.8178

%9 15.6: Force Report %+

Plot / Close Residual

controlDict 3} 43} &8 A8 FHES

4% FBe e 2ok

e End time : AAFS £8 A 7H

e Time step size : A|ZF AR 744,

o write Interval : A} A& 7+4

e purge write : A5 A AT A7 Zrio] A A4 o] e Wol7bE 2@ ® A

AHA

< wj 'Plot Residual’ {E-&
EEEE ERIEE S

O
0.
fuj
>
R
ne
k=)
rlr
u
i
2,

SE

il

e write precision : Hjo]¥] A& A] & A} F

e write control : A= A H}A]

- timeStep : iteration =& A&

- runTime AAF AFe] A 7HE A&
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Run Conditions

End time 100
Time step size 0.01
Write interval 1

Purge write 10

Write precision 6

Write control runTime v
Write Format binary v

["] Data compression

[ Adjust time step
maxCo.
maxAlphaCo

& Plotresidual

No. of cores 6

Parallel type SMP -
Initialize

Start Run

19 16.1: Run condition freepanel

- adjustableRunTime : adjustTimeStep2 A& wf 0] X1 A| 7ol BEA| A|ZF 744 ©]
el ol 7l A4

- clockTime

- cpuTime
write format : ascii / binary
Data Compression : H©o]E A& A] &= o] §
Adjust time step : Courant 5 AF&3}9] time step sizeE X502 24

- Max Co
- Max dt

Plot Residual : Al4to] X182 of residual plote 1T X] o F

No. of cores : H @ A4 A] A} F o] 74
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Sa g ARE A WA A B2 3 host filed 9]0 o] 2] oA THeloW w1 1
yge e 2

<node namel> cpu=<number of cores> \\
<node name2> cpu=<number of cores> \\

<node name3> cpu=<number of cores> \\

'Initialize’ HEE 33} 0, constant, system ZTjo]] o] R A A o] wpe} Aike] Q35
3 o] wHEo] F )
‘Start Run’ W €& F2w Ake] A%
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18.

EtEt Stol
NEXT foam =2A{ £t2| H|0| X]
1. MEY (YYYY. MM. DD) 2. EM &7 3. 84 7|2t (From - To)
2016. 04. 20 WE 7 &R 1A 2016. 09 — 2016. 1
7 AS E BN 5. RIAF
RESOS-v1.0.2 AF&7} uj 3o
(RESistance Open Source CFD package) 6. 2A HS
TM-2016-02
7. AbH| LEN 9a. T}A| FHAUX}
9b. IlA| HS
8. IiH| YFA EHEXt 9c. A2t 7|2t
9d. Aok F
10. &of 2I¥ 11. 2|F =Y
12. Al ZE
OpenFOAM-2.3.x
13. 7t I E 15. X2 370 % Hi=E
N7 27
14. Il EM E9]: NEXT foam CTI
(070) 8796-3025
16. F=X|0{/7|}E
17. =8
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