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Message window | Graphicwindow | shell window

Turbulence standardkepsilor| *
Gravity
Operating Pressure [Pa] 101325
Material Properties

Density

Viscosity
Field value
density[kg/m3] | 1.225
viscosity [kg/ms]  1e-5
MW [g/mol] 2
Cpli/kgl 1004
conductivity [W/mK] 0.0245
sutherland As 16721266
Sutherland Ts 170672
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Material Properties
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Viscosity
Field Value
density [kg/m3] 1.225
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Translate Mesh
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19 5.6: setFields 474 %
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Tool bar
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Simulation conditions
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&” (Simulation Condition) o}o]2< 2231

A 37

AL 27 719} ol ek,

Simulation Conditions

Turbulence standardKEpsilor| ~
Gravity
Operating Pressure [Pa] 101325
Material Properties

Density

Viscosity
Field Value
density [kg/m3] 1.225
viscosity [kg/ms] 1e-5
MW [g/mol] 28
cp [i/kal 1004
conductivity [W/mK] 0.0245
Sutherland As 1.67212e-6
Sutherland Ts 170.672

Apply

219 7.1: Simulation conditions freepanel

- laminar, standardKEpsilon, RNGkEpsilon, realizableKE, kOmegaSST 52| 42
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- Perfect gas& AFEE uf] A A2 € A =5+ constant &2 sutherland & AR
% 9t

cfMesh

" (cfMesh) ool Z2-& Z =3 H AA A

AA7F 29 8.19F o] UEd T
cfMesh

Select STL Files

Scale STL Files

autoPatch
autoPatch Angle |160

autoPatch Display patch
maxCellSize 0.05
Patch Refinement - size level
Object Refinement
Number of Objects 0 v
[ Boundary Layer
Number of layers |3
Thickness ratio [1.1
First cellHeight |4 49

Create Mesh

13 8.1: cfMesh Al 5 A A

A} 2} snappyHexMesh freepanel
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Select STL file / autoPatch

eMesh® o] §31e] X8 AT + & FRolth

‘Select STL file’ HES F2W STL 3L S A8 £ Q= o] ddr}. gJdS A=Esd
T2 Aol Aedt STL sl o] ZA|H T}

STL st o] o 2] 7} 9] region® 2 25 o] Y THHA region BE ThE MZE FA|H Il o} 2]
"Patch Refinement - size level’ol] Z+Z}F9] region©] 3% A ¥ T}

7= regiono] FAH Aol F538k7 1 region 7F0] F o] A ¥ 47 autoPatch 7]
=8 0|85} STL YL oz HESZ = 4 QJtl ’autoPatch’ ] E-E 21 ’autoPatch
Angle’o]] Fo]R =& o] &3}o] STL 3142 v+ 11 1 237} 'Patch Refinement - size level’
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'Display patch HES F29W 17 823 o] patchE AHE £ & o] €& ‘Show
Mesh’ HES 21 A8st HEo] ZAHT
®-0o B 2.02 /project/2016/Baram_GUl/test/test2
[ Transient [} Energy a¥ G o= ° Wt 5 v e ¢ u AE K & 868 4 48 (%) surface

cFMesh Message window | Graphicwindow | shell window

- 0 Mesh

Select STL Files
Patch Name On/OFf
Scale STLFiles inlet2
wall
autoPatch

outlet
autoPatch Angle |160

inlet
autoPatch Display patch
maxCellSize 0.05
Patch Refinement - size level
inlet 0 patch
inlet2 0 patch
outlet 0 patch
0

wall wall

Object Refinement

Number of Objects 0

Show Mesh

Close

Boundary Layer
Number of layers |3

Thicknessratio | 1.1

First cell Height (g ¢

Create Mesh

1% 8.2: STL 3} FEA

maxCellSize / Patch Refinement

'maxCellSize’ o= At A%} 27|15 YF3t} 9= [mlolt) o] 27 & 7|2 & size-level
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"Patch Refinement’o| 4] Z+ patch]

o] o] WA 5 A2 size level, 3 A = 4
A 5 At
Object Refinement
4 399 AA 2715 22 & 5 A= FEolth 499 2L box®} sphere F 7HA] ¥
© & 7}&3ttt. 'Number of Objects’ol] <919 7l AEsHH 74 F2] H o] §é%5}
Set” HES F2 W box, sphere Z}Zbof| ot A o] 19 833 o] AT} A& Y3}
17 ’Show Object’ HES F2W 22§12 FojA AA3 9L STL 9L} 3hA &gt

% - 0 Object setup window

@ - 0 Object setup window
Refinement level

D Refinement level D
Centre 0 0

1] Centre o] 0 0
Length 1] 0 1] Radius 1
refinementThickness 1
Show Object
Apply Close Show Object
Apply Close
19 8.3

. (3) box, (<) sphere

e A2 A4 ALk 242 A%, WHo)
A AR AL =ol(lm]), AR AARE =o]7F AX = vl&& Y3tk
"Create Mesh’ HHE LS I+

2} Aol SeEw 28 o] AR7E FA
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Mesh manipulation

- (Mesh manipulation) & 223t AR A4 Ax7F 28 9.19F ZHo] vrebdth
Import Mesh’, "Mesh Manipulation’, 'Display Mesh’9] A 2o 7 LA H T}

® - 0 Baramv2.0.2 /home/hskim/Kim/project/2016/Baram_GUI/test/test3

[ Transient (] Energy a¥ G = @ it T v (-] AE K & 868 4 48 (%)

Mesh Message window | Graphicwindow | shell window

surfaceEdge

Mesh type OpenFOAM

Select Mesh File
Create Baffle

BoundaryName  Display
inlet
inlet2
outlet
wall

aaaq

Display Mesh

13 9.1: Mesh freepanel

Import Mesh

Tmport Mesh't= 2 E% A2 9ol 27t} 9|3 AXE ABe7] A% Roleh Open-
FOAM’3} *Convert Mesh’ 5+ 7]2] &A1 o] it}

"OpenFOAM’& A& 3lH 7]& @ & A (polyMesh ZT]) & A<} 24 ST & 7hA 21t

‘Convert Mesh’S A ElslH 9] 2 AzLE Wit} A 3o AL S S8 ElE A= o
st} fE g ElE g9 oA 7R 7} AlFE e} fluentMeshToFoam, fluent3DMeshToFoam-&
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fluentMeshToFoam

fluent3DMeshToFoam

ideasUnvToFoam

e gmshToFoam

e ccm26ToFoam

‘Select Mesh’ ] ES 21 'OpenFOAM’o] A EE AefoA= 22 MEiE 4 9= Zo)
g 2] 1 'Convert Mesh’7} A= Aol A = 31U S AHES £ 9=
20 52 A% o] AHH Y BA 52 A W 390

fluentMeshToFoam®] 73-$ -writeZones, -writeSets 34 & AF& 3Tl o] FAHAES
Fluentoll 5] 2 A3} cell zone FHE} baffled] AEES LZZ A cellZoneo| L} ¢
7}X1 21t} cell zone AEEL 2 ZZoA] MRF, porous 59 cellZone 274 A uf vt

L3tth AAb G Yo A3t A A W (interior &2 wall)e] AR = 2 ZE0] A
=z 7}Z1]9_7<] or o m - writeSets S-S AR o) faceSet AR =Z 71 A 21T}

fluent3DMeshToFoam2 HE 2] 24 o] glt}. Fluentd] cas 34 HE 3= |
3} shadow-wall®] AEE 2% 71A 2} baffleE AAHO=ZE QlAsth 18|11 o] €
A9 AAE ABSA Rt

Mesh Manipulation

Create Baflle
At dg yRo| A= FAHE Fdso

"create baffle” HELS F2W 18 9.29] #o] A}

o4& WA A A7 faceZone ot} fluent®] msh 34 -&
3sl F7]7F §l& thin wall 52 7 A d (patch) O 2 W 35
ﬂ ] ‘ S5}

o ol BAH = FEE
o
2 o] w9 = glrtd

fluentMeshToFoam &€ 2] E]
A ¢rom faceZone L E Wl W3

patch® RFZo] Fofof ghr}

< F2 1 createBaffle 7 & 2] E] 9
7} A3 28 =)W A= St faceZone
Aot (impets FE5S A=A

g
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Display Mesh

Al BAHE

s

E%2(000)

o
=
L x

@ — 0O create baffle

use faceZone x

"~ | baffleFaces

| cyclicFaces

Apply Cancel

13 9.2: create baffle window

A8 3Fa Display Mesh’ HES F24W 189
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Boundary condition

**(Boundary conditions) g &2 3}H AA A A (free panel)o] 23 10.18} Z+o] YreRdTh

Boundary Conditions

patch name type
inlet patch
inlet2 patch
outlet patch
wall wall

Copy Boundary Condition

19 10.1: Boundary condition freepanel

A% WA AR AAUES OBl YD T SEEA AAR) G M9 5
ATk AAWY AL AA AAA A e 2] yehdnh. FA™E F AL con-
stant/polyMesh /boundary 3} QoA 9] 5= type—é’.: o] u] &=t wall, patch, symmetry 5&
Aed = Uk

AAWY ol 5L B8 ZYstA 2 wol tha AR AL 54

ok

% glek,

_{

AAY 212 wall, patch, symmetry, symmetryPlane, empty, cyclicAMI, mappedWall 59|
ATt Yot= Ao 2 HAT 4= 9 21} empty, mappedWall 272 HAHE = Qlth

A 3 A2 WA 38A changeDictionary -3 2 E] & A}-8-3}9] polyMesh/boundary 3} o]

wall, patch, symmetry, symmetryPlane 522 HZAS uj= Hx o HAo] Q3R] AT
cyclicAMIZ H73 T wj= F714 < A4 o] Za3tr}. cyclicAMIZ W78t 17 10.29] ol
LERd T

cyclicAMI Z7A-2 non-conformal interface, rotational cyclic, translational cyclic 5 A 7}X]
zZ40] sl AHEE 4 glon Hote FES AE S Apply HES FEH T IE AEE
ol Uhehun

23



& - 0 Select AMI Type
Select cyclicAMI Type
@® |non-conformal interface

rotational cyclic

translational cyclic

Apply Close

19 10.2: cyclicAMI A5 A 3

non-conformal interface
non-conformal interfaceS A& sH 17 10.39 Fo] LpERATE

@ - 0 Select Interface

" linlet2
| outlet

1 wall

| lowweightCorrection |0.1

Apply Close

1% 10.3: non-conformal interface Al 5 24

WA A} ot AAUTY HL o= WL AHE T lowWeightCorrectiong AF&3F A Q1
A Ag st AT I S ¥ gtk "Apply’ HE<S F21 changeDictionary 2 ]
B & AREsto] FAEY P Alo] A"

rotational cyclic
rotational cyclic® ME3sH 13 10.49] #o] veERIT}.
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@ - 0 Select Rotational Cyclic pair

"] |inlet2
| outlet
] wall
rotationCenter |0 0 0
rotationAxis z
Apply Close

713 10.4: rotation cyclicAMI A 5

translational cyclic

translational cyclice A E 3} 18]

@ - 0 Select Translational Cyclic pair

] linlet2
| outlet

] wall

vector, 1stto2nd |0 0 0

Apply Close

19 10.5: translational cyclicAMI A £

AR AL o R WE AEsa £

changeDictionary 72 2] €]

o>
=}
S
=
3
i
o
-[r
rE oﬂ,

25

10.59] Zo] vttt
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o,
)
LN
@
X
T
(%
ox

AW olEe e 295w 19 1069 AR 48R Yt SE, 49, &
(k, epsilon/omega) ©. 2 A H o}
@ - 0 Boundary Condition - inlet
Name |inle[l
Velocity
Type surfaceNormal-U M
Velocity magnitude [m/s] 1
Pressure
Type zeroGradient M
Temperature
Type
TIK]
tur. kinetic energy
Type fixedvalue M
k [m2/s2] 1
epsilon
Type fixedvalue M
epsilon [m2/s3] 1
Show Apply Close
29 10.6: AA2A AR A F
A
=5 2
BAZAL Typedt 2o M A% dgez AT
S AAZA typeo 2 AT 5 QI DL E 1019 ).
type 5 4y %
no-slip - -
fixed-U U % =W E(Ux, Uy, Uz)
surfaceNormal-U Velocity magnitude &5 37
volume-flowrate volume flowrate F % [m3/s]
mass-flowrate mass flowrate kg /s]

pressurelnletOutlet Velocity

zeroGradient - -

rotatingWallVelocity origin, axis, omega 3%, =, RPM

O
W

£ 10.1: &5 AARA AR AHA
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7 &5 270 el 0 26 ofele] U shd e che 3t ol 4A4ETh

// no-slip

type fixedValue;

value uniform (0 0 0);
// fixed-U

type fixedValue;

value uniform (10 0 0);

// surfaceNormal-U

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 flowRateInletVelocity;
massFlowRate 10;
rho rho;

rhoInlet 1.0;

// pressureInletOutletVelocity
type pressurelInletOutletVelocity;

// zeroGradient

type zeroGradient;

// rotatingWallVelocity

type rotatingWallVelocity;
origin (0 0 0);
axis (00 1);
omega 10; //[radians/sec]
[
2t

e AAZA typeo 2 AAY 5 Y AL E 1029 23 A% Fo] B 19 107

o YR QL.
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Pressure
Type |fixedvalue I::]
Static pressure [Pa] [0 |
Pressure
Type |totalPressure | ]
Total pressure [Pa] 0

Pressure

Type |zeroGradient -

a9 10.7: 4 AAZRA AR LF %
type 5 48 &
fixed Value Static pressure Ry
zeroGradient - -
totalPressure Total pressure A

102 &3 AAZA AR 2A

7 qre 270 ta) 0 2T olele] pot preh(AAD AL AL e} o] A
e},

// fixedValue
type fixedValue;

value uniform 0;

// zeroGradient

type zeroGradient;

// totalPressure

type totalPressure;

p0 0;

gamma 1.4;

rho none; //rho; for heat transfer
psi none;

value uniform 0;

28



W (k, epsilon, omega)

I AAZRAL k, epsilon, omega 5 2ol tF Zdo we} Q3 Fieldd] d4F
H o] L‘rE‘r‘(}D} ﬁxedValue zeroGradient, inletOutlet, wallFunction 24L& 7|20 2 3t k=
intensity & A< epsilonS mixingLength 2 A3 AFR S 4~ Qlth

3

[e)

intensity 2 712 turbulentIntensityKineticEnergylnlet & A& A} 3} ™ mixingLength 2712
turbulentMixingLengthDissipationRatelnlet & 742 A}-& 3t}

7y 24L& %1039 23 AA L] B2k 19 10.89] YERY AT

type 35 49 g
fixedValue k 25
zeroGradient - -
inletOutlet inlet k(epsilon...) 415
wallFunction - -
intensity intensity G5 A=
mixinglLength Length scale length scale
#1103 R AR AR AA
tur. kinetic energy tur. kinetic energy
Type wallFunction A Type fixedvalue v
k [m2/s2] 1
tur. kinetic energy tur. kinetic energy
Type zeroGradient = Type inletOutlet v
Inlet k [m2/s2] 1
tur. kinetic energy epsilon
Type intensity = Type mixingLength v
Intensity 0.1 Length scale [m2/s3] 1

28 10.8: G AAZXRA MR AR F

ox
rit
o

ZF g 2749 gisl 0 21 oF 9 k, epsilon, omega 52 32 T2 o] A}
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// fixedValue

type fixedValue;

value uniform 1;

// zeroGradient

type zeroGradient;

// inletOutlet

type inletOutlet;

inletValue uniform 1;

value uniform 1; //place holder

// wallFunction for incompressible

type kgRWallFunction; // epsilonWallFucntion, omegaWallFunction
value uniform 1; //place holder

// 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

ex
G AAZZ typeow AR & Yk £AL T 1049 21 A B wFS 18 109
o) vhebp gt
type 3% 49 2
fixedValue Static pressure A ot
zeroGradient - -
heatflux Total pressure At
convection Total pressure A
inletOutlet Total pressure Kalls
coupled - -

I 104 4 FAzA AF AA

7 25 =76 sl 0 EH obele) T 5A L che 7 2ol A4 WL
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Temperature Temperature

Type |:fixedValue v Type |:zerucradient
TIK 300 |

Temperature Temperature
Type |_heatﬂux v Type |_inlet0utlet
Heat Flux [w/m2] [100 |11 nletTx

Temperakture Temperakture
Type |convecﬁon = Type [coupled
h [w/m2K] 110 |

Tinf [K] [300 |
29109 25 AARA AR 844 %

// fixedValue
type fixedvValue;
value uniform 300;

// zeroGradient

type zeroGradient;

// heatflux

type externalWallHeatFluxTemperature;
q uniform 100;

kappa fluidThermo;

kappaName none;

Qr none; // when radiation is off
value uniform 300; //place holder

// convection

type externalWallHeatFluxTemperature;
h uniform 100;
Ta uniform 300;

kappa fluidThermo;
kappaName none;
or none; // when radiation is off

value uniform 300; //place holder

// coupled
type compressible: :turbulentTemperatureCoupledBaffleMixed;
Tnbr T;

kappa fluidThermo;

kappaName none;

value uniform 300; //place holder
// inletOutlet

type inletOutlet;

inletValue uniform 300;

value uniform 300; //place holder

300

L]
-]
ﬁl

1 v
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CellZone condition

°(CellZone condition) S Z3td M 24 A7 29 11.19F Zo] Yehdth

Cell zone Conditions

rotor None v Set

13 11.1: CellZone condition freepanel

cell zone] RS MEsh R} A Rdo) A5 452 9% RO 75 o] gk,

23 11.19 AF9 cell zone2] o] &, 24, Set B} E0o] ¢t}

22 'None’, '"MRF’, 'Porous’, 'Fixed.U’ U] 7}A] o]t} 'None& ofF& =%
ShW o] WS AR A Lol ohef Kol Lhehdnh. oje] A2 cell zoneol A
o & wf 3l Fh= cell zoned Set HES F A I cell zoneo] MHE AH
o 7t mE AR 44 GBS 13 1129 2ok

"Apply’ HES F29 AA cell zoneo] AF A4 o] A&},

MRF condition of "retor” zone Peorous condition of "roter" zone Fixed U condition of "rotor" zone
Origin 0 0 0 Direction vector U vector [m/s]

Axis z - el 1 1] 0 0 0 0
RPM 100 ez 0 1 0 ] Energy source

Select nonRotatingPatches .
Porous type DarcyForchhein, ~ Apply

| rotor

] stator Darcy coeff. d [1/m2]

1 front 500 1e10 1e10

] back Forchheimer coeff. F[1/m]

0 o] 0
" | Energy source
| Energy source Apply

Apply

2% 11.2: CellZone Al A4 3}, Z(MRF), 7+ porous), % (Fixed.U)
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MRF
MRF o] A7 H4 452 =3 2o
o Origin: 3] F49 FHx

o Axis: I AFH(LE<E H 2ol wat 3 A)
e RPM : 3] 24 % (Revolution Per Minute)

e nonRotatingPatches : MRF cell zone 9§ <tof] A7k 3] A 3}A] k= W&

o

A] ER
T 1

Porous

Porous cell zone2 th5-3+ 22 Darcy-Forchheimer 22 (4] 11.1)& AR&-3Ho}

Asi el el 4852
S

FEA FL ol, 02 F Y W o 3} AR ATk AAA
Sk A3 g e o] 45t

= [e]
ATt e2 Wk AL AHA AFTE= el, e29] 5
o f
Si = | pd + plu| 5 ) U (11.1)
d+= Darcy coefficient, f+= Forchheimer coefficiento] ™ 13 11.29} Zro] Wlg & <] & str}.

Fixed.U

cell zone?] £=5 A A FAsH7] 3t 202 Yot= £5 WHE JHITH

o

Energy source

'None’, 'MRF’, "Porous’, 'Fixed. U’ 4] 7}A] & B Fof tfs)] R 2425 AT 4= Q)
BE AL A A4 HEo| 'Energy source’ A3 M Eo] glom o]& AW 19 11.39} 7o)
AR 428 QET 5 9E FRol tehdny

& Energysource
Method specific E
Source 300
Apply

19 11.3: Energy source 474 F&

Qlt}. ’specific’2 T

"Method’= “specific’, 'absolute’, 'fixed. T” A 7}A] & stU}E A& E 4
ol AE dE ot W

ANA F AUAE dH3F= 4 o] 1 “absolute’= cell zone A A ol T
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2lolt}. 'fixed. T’ cell zoned] 2%

"Source’ F-&of &3t}

i
e
o,
ok
X,
k]
o,
ok
rlr
ok
it
s
v
Y
ot
i)
=2,
:cé
ofl
o
rlr

Internal field

it (Inltlal COHditiOHS)% %@,fs}@ /\ﬂl?_ /§7§ io]-(free panel) O] :L% 12194_ 7‘5_1_01 L]’ﬂ“d']:]‘

Initial Conditions

Field Value
Ux
Uy
Uz

p
k
epsilonfomega
T 300

= = O O o o

Apply
13 12.1: Internal field freepanel

AR A kL Internal fieldol| A 2] ghoz ALRF ).

%5 9WE, ¢, alpha.watere} 7 2 of we} k, epsilon, omega & YHT 4+ Atk
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fvSolution

I (Solution conditions) & &2 atd ME A ZA7F 17 13.12} Zro] YEhdtt.

fvSolution

p GAMG x more
u smoothSolver| - more
tur. |smoothSolver| =~ more
h more

tolerance / relTol / convergence

p T1e-7 0.1 1e-3
U 1e-7 0.1 1e-3
tur. [1e7 0.1 1e-3
h
nNonOrthogonalCorrectors 0
nQuterCorrectors 1
nCorrectors 2
Relaxation factors
p |03 U |07 tur. |0.7
h

["] Usereference point
point
value

Apply Set Default

13 13.1: fvSolution freepanel

fvSolution®] A7 ’solver’, 'SIMPLE/PIMPLE’, 'Relaxation factor’, 'Reference point’ 2]
oAl AR E R,

Apply’ W EZ& F24 system ZT] ofgflof] fvSolution 3} o] FAHATE A4l Foll 43S
T3t "Apply HES F2W A ALt FA TAAE v A o] J8HT
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Solvers

P00 tw, el e AR s g L

'relTol’(relative tolerance), ’convergence criteria’ =

4 B
ox
(i
o

p9] solver+ 'GAMG’, '"PCG’, 'smoothSolver’ & S AEE 4= 9l o, U, tur. h9] solver
= *smoothSolver’, PBICG’, "GAMG’ % sh}2 Mg 5 9

7t =0 ‘more’ WEC] Y o) FEW 17 1323 T Fo] deju AEIt EH
it ME 2S5 At

@ - 0 psolver advanced

maxlter 50

PCG

preconditioner

GAMG
smookther symGausss| ¥
nPreSweeps 0
nPostSweeps 2

& cacheAgglomeration
agglomerator faceAreaPa| ¥
nCellsinCoarsestLevel |10
mergelLevels 1

smoothSolver

smoother

pFinal
tolerance 1e-7

relTol 0

Apply Default Close

9 13.2: Advanced setup %

minlter, maxIter+= 3} time step©]| 4] sub-iteration®] &4, | o k& VeERA T
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AAE Z7]0 XS sub-iteration W&ol AAF A|ZFo] 2] AT+ A maxlter S 22
3to] Al AIHE 29 4 Atk maxlterZ} 022 AAEE g =0 Ot sub-iteration=

A S Suo] UE AR 24 FEe e 2.

GAMG

e smoother : GaussSeidel, symGaussSeidel, DIC, DICGaussSeidel, FDIC, nonBlockingGauss-
Seidel

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

SIMPLE/PIMPLE
A FES o3 2o
e nNonOrthogonalCorrectors
e nOuterCorrectors

e nCorrectors

Relaxation factor

p, U, tur., hof| o3} relaxation factorS ¢ = 3kt}. tur.o] &3t ZH-2 k, epsilon, omega 5-°|
Agath
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oo

Reference Point
"Use Reference Point’E A8 &}H point ¥ value Y8 7+o] @43} At} Closed domain A
ANA FH 7|E AAE AT = = st AHEEA W reference 9] 2] = cell &

09] 1217} ¥ 30 e} g2 0] Ak

fvSchemes

[¢]

FA AR AA A7 28 1419 Zo] yEeRdr}.

V(Numerical conditions) & & ¢

fvSchemes

ddtSchemes steadyState

off-centering coeff.

interpolation linear
gradient Gauss linear h.4
limited coeff.
snGradient corrected h.4
limited/relaxed coeff.
laplacian Gauss linear correct| ~

limited/relaxed coeff.

divergenceSchemes

bounded scheme bounded
U  |upwind v coeff.
tur. |upwind v coeff.
h coeff.
Apply Set Default

13 14.1: fvSchemes freepanel
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ddtSchemes

e steadyState

e Euler

e backward

e localEuler rDeltaT

e crankNicolson
crankNicolson& A1 &3} off-centering coeff. & A7
interpolation
AE e 5 e FEL ohele) Al R ol
e linear

e cubicCorrection

e midPoint

gradSchemes
Aaed # Qe FE2 ot vl 7HA ot}
e Gauss linear
e leastSquares
e fourth

e cellLimited Gauss linear

cellLimited Gauss linearE A &3} limited coeff. &

snGradSchemes

e corrected

e relaxed (U2EZA 73t 71 9)

e uncorrected

39

et



e limited

e limited corrected

e bounded

e fourth

{1
o
ok
4
30,
o

relaxed, limited, limited correctedE 418} 3} limited /relaxed coeff. & A

laplacianSchemes
AES 4 e FEL ofeje] ThAl Aot

e Gauss linear corrected

Gauss linear relaxed (U2EZ A 73t 7]9)

Gauss linear limited

Gauss linear limited corrected

Gauss linear uncorrected

Gauss linear relaxed, Gauss linear limited, Gauss linear limited correctedE A1 &3} limit-

ed/relaxed coeff. & AT 4 Stk

divergenceSchemes

bounded scheme& A}-23} AL} o} F Ax ALL-31%] 9

fifo

30
=

2~
T

U

U] AFg& 4 Q1= scheme2 o33} 2t

e upwind

linearUpwindV

limitedLinearV

vanLeerV

SFCDV

GammaV

limitedCubicV

e linear

40



e skewLinear
e cubicCorrected
e QUICK

e MUSCL

limitedLinearV, limitedCubicVE A}-&& uf] limited coeff. & A A& 4 ¢t}

linearUpwindV, vanLeerV, SFCDV, GammaV, linear, skewLinear, cubicCorrected, QUICK,
MUSCLE A& v limited gradient scheme2 AF&& 5 At}

tur., h

k, epsilon, omega, hol]| A& 4 Q1+ scheme2 Th2 3} 2t}

e upwind

linearUpwind
e limitedLinear
e vanlLeer

e SFCD

e Gamma

e limitedCubic
e linear

e skewLinear

e cubicCorrected
e QUICK

e MUSCL

limitedLinear, limitedCubicE AF&-& W] limited coeff. & %

{{E
o
ot
4
30,
o

linearUpwind, vanLeer, SFCD, Gamma, linear, skewLinear, cubicCorrected, QUICK, MUSCL
2 A28 v limited gradient schemeS AF&& 4~ Ut}
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Monitoring/Post

)

(Monitoring/Post) S Z23}H A% A4 A7 29 1512 Zo] YeRdth

Monitoring / Post-processing
Point value monitoring
Set
Surface average monitoring
Set
Flowrate monitoring
Set

Force monitoring

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

3 15.1: Monitoring/Post freepanel

A Ao BUHPS A% 443 AL B8 F AFE A5 9@ F Fro=
vheol 4 gieh

Monitoring
"Point value’, ’Surface average’, 'Flowrate’,Force’ ] 7}X] &-E-o] 9l ow Z}Z of tfst 2 A4S
HARY 5 k. AL Fol AU 120 AL AT} QThE Plot’ WES =W T8z s} 1
Aol AAH YA ko

2 A2 'Close’ ES F2WH T2efz 7} gl Atk ALE Al ZHst7]
'Plot’, "Close’ HE o] &4d3}= 7] ¢F+=1}.

13 15.22 'Point value’-'Set’ ES 312 u] YEvtE= Fojt}

F2w point7} F7FATh pointe] o] &3
.U

’Output IntervalS €2 3}37 "Add Point” ¥
- £ A"E3d Ux, Uy, UzE 289 =22

FEE JYsty Yot WE 2 AdgE

2UHY 5 Yk
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& - O Set Points to Monitor

Output interval C}

Probe Locations
Add Point

point name x y z P u k € w

| Apply | [ Close |

v

19 15.2: Monitoring - point A% %+

2 15.32 'Surface average’, 'Flowrate’, "Force’ Al 7}A] &5 Zhzbol| o sk A A o
o

ge3t 2o

A
3=

#® -0 SetSurface to probe @ - o0 Set Surface to check Flowrate @ -0 Force
patches to check flowrate
Probe variables Select patches for forces
— [ |rotor -
P = []|rotor|
[] stator
M
] front stator
Uu [ back

Outputinterval |1

Probe Surfaces
7] rotor
[7] stator
7 front Density [kg/m3] 1.2
] back Reference area [m2] 1
Reference velocity [m/s] 1
CofR 0 0 0
Drag direction |1 o] o
Apply Cancel Lift direction 0 0 1
Apply Close
Apply Cancel

19 15.3: Monitoring Al 5 A7 3
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e Surface average
- variables(p, U, T)
- Output interval

- surface A1 €

o Flowrate

- surface A€

e Force
- surface A1 &4
- Density
- Reference area
- Reference velocity
- Center of Rotation
- Drag direction

- Lift direction
%22

A F5 T AFAE ST 4+ Q= 7]52 'Probe Location’, "Patch Integrate’, "Patch Av-
erage’, 'Force Report’, "Plot/Close Residual’ 5©] 1t}

probeLocation
14 277} 92 o At AR e AAT 5 Ak 1Y 1549) BolA A5E A5
al, POiIlt9] 7H ‘Fg]r o W2 JFEE 93t 'Apply’ ES F+21 probeLocation € 2] ]

@ - 0 Probe Location

#Probe0(000)

Select Field P - # Probe 0
# Time
Probe Locations 610 0.73667
Number of Points 1 -
point1 0 0 0 Display
Apply Close

1% 15.4: probeLocation window
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patchIntegrate / patchAverage

29 15.5% patchlntegrate S A8 WS @ Uehhs Folth 71£9] A4 Aol A 4
oA 8 Z& £x 9o AR 7S A4ks| A HoEt)h patchAverage W75 22 WAl
5o,

Eh!
o=z

N

@ - 0 patch integrate

patch to integrate wall v
variable to integrate  |p X
Time =610

Area vector of patch wall[3] = (0.00776929 1.72436e-16-0.00582859)

Area magnitude of patch wall[3] =0.27509

Reading volScalarField p

Integral of p over vector area of patch wall[3] = (0.0120789-1.31475e-05-0.0103091)
Integral of p over area magnitude of patch wall[3] = 0.114426

Calculate | close

19 15.5: patchlntegrate %+

Force Report

217 15.6+= "Force report’s A EH S o Lehb= Frolth 71E 9] Al4HE ol A force, force
coefficient S A A A H o] &=t}

@ - O Force report

Select patches for forces #—Pressure Force x,y.z—
wall:0.0144947 -1.5777e-05 -0.012371
& wall total: 0.0144947 -1.5777e-05 -0.012371

#—Viscous Force x,y,z —
wall:0.00991579 7.21933e-07 0.00914739
total: 0.00991579 7.21933e-07 0.00914739

#—Pressure Moment x,y,z —
wall:7.2181e-06 0.00570273 -6.79858e-06
total:7.2181e-06 0.00570273 -6.79858e-06

#—Viscous Moment X,y,z —
wall:-3.98383e-07 -0.00402262 1.10214e-07
total:-3.98383e-07 -0.00402262 1.10214e-07

#—Total Force x,y,z —
0.02441049 -1.5055067e-05 -0.00322361

Density [kg/m3] 1.2
#—Total Momentx,y,z—
Reference area [m2] 1 6.819717e-06 0.00168011 -6.688366€-06
Reference velocity [m/s] 1
CofR o 0 o
Dragdir. |1 0 0
Liftdir. [ ] 1

force ) ForceCoeff

close

19 15.6: force report %+

Plot / Close Residual

A 5 T Aite] X1FE o residual®] W35 st 4
LS

= Ql o] 'Plot Residual’ HE&
=2 residual 2] =7} 28 At} Close Residual’ HE-S a

2l =7} glof 2tk
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Run condition

@'(Run conditions) &

controlDict 343} < 8]

5 [e)
47 gme

b R

e 2.

2 51H AR

44

Run Conditions

Start from

End time 1000
Time step size 1
Write interval 100
Purge write 0
Write precision 6

Write control adjustableF

Write fFormat

ascii
["] Data compression
Max Co.
& Plotresidual
MNo. of cores 1
Parallel type SMP
Initialize
Start Run

712 16.1: Run condition freepanel

A FAL A3 93 LRolTh

e End time : AXLS 85 A7+

e Time step size : A|ZF AZ 7+, AAAE] £ Y W=

e write Interval : X5 A& 7+24

o purge write : A5 44T He) A7 EW A% o] ke Hojztu

A

46
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e write precision : H°|E A& A F2 A4
e write control : A5 A 7 H}F2l

- timeStep : iteration & AR

- runTime A 3] A2 AHg

- adjustableRunTime : adjustTimeStep= AFEE wl] o7 A] ko] BHA| A]ZF 714 o]
kAl H ol Bl 7F A 34

- clockTime
- cpuTime
e write format : ascii / binary
e Data Compression : G| o8 A& A] = of F
e Adjust time step : Courant 5 A}-§3}9] time step sizeS 5oz 23
- Max Co
e Plot Residual : Al4to] 213 = uff residual plotS ZEA] o K
e No. of cores : FHAL A] AFSE F o] 7|5
o Parallel type : A A A8 AHE Y EF. ClusterS M shel YA Al AHE

T ARE 44 Le A

S 2H AFEH A HE AL A] B 23 host file2 P29 o] 59 oAy o Hi 1
W82 o3t 2t

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

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

'Initialize/Write’ HE-& 28314 0, constant, system =T of] o] 3 A7 of upe} A Akef] &
83 g Eo] T Xt

‘Start Run” HES F2 W Al4be] A|ZETE Aito] A 17 16.28F 2] shell ol
residual®] W37} A2 EA|E 1 "Plot Residual” o] A&z o] QJTHH Residual 12 Z 7} 18]

=g
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o vp 2f g2
D= :3 = = 8 surface v

Transient Energy aP i = @ uwt it V e @

Run Conditions

Start from : 1=0.010 Gouplok
ep Initial r Residuale
End time 1000 hSolv <. Initial re
Time step size 1 Uz
epsilon
Write interval 100 DU of pickl 40 long. E» £
Purge write 0 i for Ux, Initial =
t
Write precision 6 =
p, Initial =
write control adjustabler] - | [SUISEN t y errors : 1 = 0.010381 18
Initial r =
write format ascii - E

Data compression

Max Co.
& Plot residual
No. of cores 1 time tin e sum local = 0.0102 0 &
n s Initial 1
ine [s]
Parallel type SMP -
Initialize
Start Run ing Ux, Initial residual = 0.000 i residual
i Uy, Initial Y 4 i idual

Initial residual 0.0 8 i residual
Initial residual 3
err um local = 0.0102397, L
g for epsilon, Initial residual Final residual
dual

for k, Initial idual = 0.002 r 0

ClockTime

Time = 106
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