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1-1. 7 ol

o o

E TT = =

= ARZ AL Of
7t skt

Version 2.02 2 Version

O radXiFoam v2.0 A x| g

1.0[1]0ll ofziel M 7}X|E &

o A= Health & Safety Laboratory(HSL)O| =3t FAZSHA 29|
Facility)dlAMel F4& B7)/8 ZUHAH[2]8 AHS6M Al ZHest A
SALOME[4] A~ZEQ0{Z CAD EAloz2 MMSI= 7|9,

o Y= HSLe| F=ASHA ROZEX|MMe =4 T2 ZHAEHS HSHA
el o '%% OF-Interface ZE21HE AISSI0] At 2 MAMSI= 7|H.

1-2. OpenFOAM 274 2 A x|
2 AMEX tfmFH2 OpenFOAM-v2112[5] 7|}
EH{(Solver)2! radXiFoam vi1.0[1]<2]

Field Operation And Manipulation”

=

o

—

==k

—

A5l of off ol A
OpenFOAM-v2112E& M X|5t= ItH

5t} oot

2 oteff =} &ct.

O OpenFOAM-v2112.tgz2} ThirdParty-v2112E olelf ¥ x|oM Cl2 =2
https://www.openfoam.com/download/release-history

e
=kl

7H

AP%%% 7|% P‘ﬂ':}.
oFXto|od,

Computational Fluid Dynamics(CFD) Z~=ZEQ|0{ iZ|X|0|C},
Linux Operating System(0S)oll OpenFOAM-v2112&
252 0SE

CH++

™M

Ubuntu

20

1

ZHX| (Mock-Up
AR [3]2

o

B2 EZLALD HME

k=3

MxE &

OpenFOAM=
Zzzgfy
radXiFoam A X|5t7] 2|5l A
AR stdHd™E 2

“Open-sour ce

AZ2 FHE

=otot.

—

O OpenFOMA-v21122| AMM| Mx|zf™np g2 ofell 2| X|2| Build.meS Z11StCh.

O OpenFOMA-v21122 TS3517| fIsiM= Efold HollM otefie] HHOZ

ol

- source /REE AX| C|= E2|/0penFOAM-v2112/etc/bashrc

- 2 ¥3doles /EC|IAER|/ete/.bashrc Tt2ol| alias O|E= 7ttt
Sl= Zdo| Hez|stct

1-3. radXiFoam v1.0 7ZH2 2! AMx%|

radXiFoam v1.02] &AL} M= githubol PY=E=

X|5t= 22 ofzf et Zrf.

al
=

S7H =0 ULt

https://develop.openfoam.com/Development/openfoam/-/blob/master/doc

Al
=

02

ol
—__

20.04 LTS[6]

OF

o|0d,

o

=

Al 2HS0AM ALE



O radXiFoam &AI(SRC.zip) S otz {IX[MAM CtRZ =S},

- https://github.com/ksm0226/radXiFoam/SRC.zip

O SRC.zipel == 11, 5
- OpenFOAM-v2112 T+5& EZHT BH0{(0f2112) HA
A

- Allwclear.sh AI3H

- Al lwmake.sh A!3H

user@user-System-Product-Name: ~/OpenFOAM/SRC Q

0f2112 0

. /Allwclean.sh
. /Allwmake.sh

<
=
<
B~
S
-

2ol 22

o

a2 1. radXiFoam AT S 2

o ptok A cHAHO|A permission &2 o7} g stH ofzf el 20| s & Shot.

- chmod +x *.sh

2|3} ettt

/platforms/1linux64GccDPInt320pt/1lib \
-1finiteVolume -1fvOptions -lmeshTools -lsampling -lengine -lturbulenceModels -lcompressibleTurbul

enceModels -lcompressibleTransportModels -1fluidThermophysicalModels -lreactionThermophysicalModels -1
-L/home /user /OpenFOAM/user-v2112/platforms/1linux64GccDPInt320pt/1lib -1lvaporInhomogeneousMixtur
-1radiationModelsV2112 -10penFOAM -1d1_ \

-0 /home/user/OpenFOAM/user v2112/platforms/11nux64GchPInt320pt/b1n/raXmFoam

specie
eV2112 -1laminarFlameSpeedModel sV2112

-lm

3 2. radXiFoam AuY b2 MA|X] stH

2. radXiFoam sil& & AKX}
SRI Test 4-02 AEEX 2ol HXIzH

radXiFoam Z=E A™AIZ|7] fiM= EFﬂ%
o|= SRI(Stanford Research Institute)ollM ==
Mt fIshM AlEERE HA2H[8,9]2 o|&35t0] 4
A Ex| o] MAEQl JjekEz= a2 30| LER A3, of

EI:IO

Ooh
¥

BAHAZEAZ2 8 4°F ZrCf.

_|>'\J

_.?_Elo.i AHA—IEIO-IL—_I.

2 EUMY 4—02[7]%

Sl

M-S OAL Stk SRl Test 4-02
= eﬁw4@g51aﬂ£%m

2\ &7 Ix8 Tent HEE



P4, Pressure 2 m

in front the wall P9, Pressure at top
of the wall P7, Free-field P8,
e P8, Free-field Pressure probe 41 m range
Pressure sensor (21 m range)

Wall (11 mrange)

l 1
iv-‘;.t.-ﬁ,wz-fg:-z_:s#;-ismﬁ' o e R e w R S

T

P In the tent
Pressure sensor

P2, Pressure 2 m

P5, Refiected
 NCNECIed PressUle — pehind the wall

Sensor on face of wall

0% 3. SRI AEEA H2E 2 wEH met [7]

Upper, left, right, back:
Opening Condition

Front:
Symmetry Condition

Bottom and Barrier:
Wall Condition

12 4. SRl Test 4-02 sHAE HAXZH [8,9]



2-2. blockMesh T2 A2t

= Hol|A= OpenFOAM-v21120] LHZF=l XA M T2 240l b CkMesh[ 12| AtEHES
SRl 4-02 AMEFX| 2ol AXEHZ oM =2 AtEsto] 4Y SHCF. blockMesh
T2 S Mojsts LB TA S “casetsystemttdblockMeshDic ID1, 0i7|M case=
Mg sz fstod Mz MAMSH Clal E2|2| o|Eolct.

O—|—

B (Wall)Z} Tent &=7Zt9]
2 MY LSt act

77H E%_CZI LX|™Ho HEst= XA (point)el ZEE 18 102 &0| Hogt =,
ict F

i 0
oo
| 1
Tent
Ignition
a8 5. AREY MANS 9IEh 22 PAE
(0,5 11) @2, 5. 11) 1.2, 5,11 (113,571 (23,5, 11)
0011,/ ! (7.2, 0, 11@)/6 (
10, 5, 2) 25 23,5, 2)
.- - S - S b
©.0 2). C (7.2, 0, 2)
10, 5, 0)
1 1 D S * I S~ >: 2o NSNS
23, 5, 0)
Q@ 4
(©, 0, 0) Ignition (11.2,0, 0) (11 3,0,0) (23,0, 0)

(6.1, 0, 0.025)

O 6. AARE ddE8 =5 5XH zE A8k



1.

X2

19 vertices

21 / /Block
22 (e
(7.2

43 //Block

45 / /Block
46 11,3

55 //Block
56 (11.2
57 (11.2

59 //Block

@ 2)
-3

e 11)

6 11)

5 11)

5 11)

1-Point 8,:9; 18, 11
9] a)

8 e)

5 8)

5 a)

2, Point 12, 13, 14, 15

v}

5 2)
i 11)
5 11)
3

o F

é Z;)
(] 11)
5 11)
5 11)

5 Point 24, 25

¢ 4] )
5 @)
6| Point 26, 27, 28, 29
5] a)
B a)
5 g)
5 a)




2-2-2. =5 3 AKXt 4 Mgk
blockMeshDict Itdoll = F 30742 Z=E ZolM 8% FOA AFHAH =2F
(hexahedral block)E2 HMelg = Ut I o= E 229 ®ofl LIEILE AT 037|M  “hex
(01234567)” 2 A= BXH zEAHS HSE °o|st=0dl, blockMeshDict -
of del&E =Mz 0" B HSIF AHUZ2 XHECH E 20(A 28 R IdY
2 DR glch 2=2el x, y, z WBOE AX M(Cell) MHFE E 29 @2 ZoO|
XMe % 9ot E 20| @2 MA ZA 4 Alolel 37| H|8S =HSHE 2IXfo|o,
972 2 5 wygoz et ®MA M ZolM A w4 Zolet ofxit 4 Zole| |
gg Melste Xfolch, 5 17 2 A Zolzh pYstm, 17 Ech 2 £XL} RE £
RHE M Zol7h O3 fAte| HIgTHE BUbetrLL UAsict ole BEE Al Mye
OpenFOAM-v21122] ALSAL o [2]0fl 2ACt.
E 2 22 448 HEHS, 4 745 L A Lol HE XY Uy
70 blocks
B @ @
72 | hex ( 5 )"(‘, : )| simpleGradin
73 hex ( 3 50 20) simpleGrading ( 1)
74 hex ( ) (4 ) simpleGrading ( 1)
75 hex (1: 3 ) (1 ) simpleGrading ( 1)
76 hex (1 b § ) simpleGrading (1 )
77 hex ( 2) (4¢ ) simpleGrading (1 1)
78 hex (2 19) (11 20) simpleGrading (1 1)
79
80
Bl);
2-2-3. =529 ZAAH dMdH
AEHAY 50| MM=EMH, O 252 o M(Face)o| AXZALl o F AALL, WFo
B (Wal | Surface)Zt MESID A= ZBol=, E 37 Zo| AAHS &HAl(Type)S X
HollF=0o{oF stct. O2{7] fsiM= WA FE 329 Oxf 20| ALZAZE AL o|E2 A
Hstn, @2 Zo| blockMesh ZZI#ollM X|¥st= ZA™ Type(wall, symmetry,
patch §)2 X[&st =, @1 Z0| O dAH slidst= 47 BXH™e HNEHSE
offof etct. {EX|HMel zlEHsS= #F 13t o] UHE A2 HSolct ©f AbMlst
A2 OpenFOAM-v21122| AFZAL ofm&[2]of UCH



i =

I 3. WHE =259 dAY XF 4
89 boundary 0 455 open
90 (
91 i//barrier + ground i:z { —
Zi { . - 125 faces

ype wall;
94 faces 3 gg ( ( )
o6 Y e 128 ( )
97 ( ) 129 ( )
SR ( ) 130 ( )
99 ( ) 131 ( )
. 132 ( )

108 ( ) 133 ( )
201 ( ) 134 ( )
b 2 ); 135 ( )
104 136 ( )
105 symmetry 3; E ) 5
106
107 type symmetryPlane; 139 ( )
108 faces 140 ( )
o L >
1 ( ) 143 } '
i1 ( ) 144 );
112 (1 ) 2
113 ( )
114 ( )
115 ( )
116 ( )
117
118
119 )5
120 3

2-2-4. blockMesh T =213 Al dbH

blockMesh ZZI#Ho| l2dulalel  “blockMeshDict” off CHEH &M S 2F
4 FolM HHO  “blockMesh” & ¢l=ds5t0 MalistH, I8
AXRHO] MMEC O 7dAM O2 MME 259 et = =
37|, @= MdE M AdXz2ol J|stetd AHn Mol g, @2 AXZEH HAHH

o| o|Eolct.

Creating polyMesh from blockMesh  yriting polyMesh with @ cellZones
Creating patches
Creating cells @
Creating point ith scale (1 1 1)
Block © cell size : boundingBox: (0 © ©) (23 5 11)
1:0.1..60. nPoints: 1307691
i nCells: 1264000
k:0.1..0. nFaces: 3835280
nInternalFaces: 3748720

[ (start: 3748720 size: 13500) name: walls
patch 1 (start: 3762220 size: 25280) name: symmetry
patch 2 (start: 3787500 size: 47780) name: open

End

O 7. AARE ddntEolM £8E s EE



2-2-5. AARY ME stoldbH

AR 2do| MMEd O MHEE=  “case/constant/polyMesh” Cl|EEz| otof| X ZEH=
Ct. o] MEE2 Eold oM “checkMesh” WZHOIE Qladstd, O3l guf Zo| MA

OAXNZHE S FHst= d S/ M, @4X2=2e At M F2| topology FEH,
@AXRH T|ststX el MeEje| METF &HECH

Create time

Create mesh for time = 0

Time = 0

Mesh stats
points:
faces:
internal faces:
cells:
faces per cell:

1307691
3835280
3748720
1264000
6

boundary patches:
point zones:
face zones:
cell zones:

3
(¢}
(]
(¢}

@b

overall number of cells of each type:
hexahedra: 1264000
prisms: (]
wedges:
pyramids:
tet wedges:
tetrahedra:
polyhedra:

Checking topology...
Boundary definition OK.
Cell to face addressing OK.
Point usage OK.
Upper triangular ordering OK.
Face vertices OK.

Number of regions: 1 (OK)

Checking facezZone topology for multiply connected surfaces...
No faceZones found.

Checking basic cellZone addressing...
No cellZones found.

Checking geometry... g

overall domain bounding box (06 © ©) (23 5 11)

Mesh has 3 geometric (non-empty/wedge) directions (1 1 1)
Mesh has 3 solution (non-empty) directions (1 1 1)

Boundary openness (-8.40688e-17 -5.3065e-16 -1.07589e-15) OK.
Max cell openness 3.46945e-16 OK.

Max aspect ratio = 1 OK.

Minimum face area = 0.01. Maximum face area = 0.01.
Min volume = 0.001. Max volume = 0.001
Mesh non-orthogonality Max: © average:
Non-orthogonality check OK.

Face pyramids OK.

Max skewness = 3.5094e-13 OK.

Coupled point location match (average 0) OK.

Face area magnitudes OK.
Total volume = 1264. Cell volumes OK.
0

Mesh OK.

End

(2

Checking patch topology for multiply connected surfaces...

Patch
walls
symmetry
open

Points
13821
25641
48191

Faces
13500
25280
47780

Surface topology

ok (non-closed singly connected)
ok (non-closed singly connected)
ok (non-closed singly connected)

g 8. MM T NMAEE AXNZY MY E=H51H

3. SRl Test 4-02 HXI=

radXiFoam ZE= S sl ¥sHof st= B8 =AF HEYT|E AF%EHH M
sffof stod, O YHHFE2o| SMof w2t 7he| CldER|Z2 Og3tE0o] Uct F=
ofl= =X} HZI7| Al GUI(Graphical User Interface)E &&3t= 2HAl0] 7H“‘5' A=l
o|ct.

3-1. M x[(constant C|HER]) 2

“constant” C|HEEZ|o= radXiFoam &40 Al2E= Q=X JolM =2MX|
(properties)2t AXI2d MY S0 I8 92F &0 Z0iRU= Cl|2 EZ[0|C}.

- 1 0 -



[l 2.2TBVolume radXiFoam constant

et BB c c c C C

* Starred polyMesh  boundaryR combustio radiationPr thermophy turbulence
adiationPr nPropertie operties sicalProper Properties
{3i Home operties s ties

a2l 9. EMX|(constant CIHEZ]) LfE FH
3-1-1. polyMesh

= CIEEZ[= “blockMesh” WEHO0{7I dl=o] WH=E AXNRHo FEI ME=EH=

Lol Ct.
3-1-2. thermophysicalProperties

= Id2 sfAMo ALBE= ®Alel st MEE E 42 0| =Hst= mtdolct.
=E e

= 1
O upd Lfof MF 2 elXtol| gt dH2 CtS2h Zot.

i* 4. thermophysicalProperties

thermophysicalProperties

Save = - o x
o e e E e e L EE ST “\
B !
3] \\ / F ield | openFOAM: The Open Source CFD Toolbox ]
41 \\ / 0 peration | Version: wv2112 ]
5] AN A nd | Web: www.OpenFOAM. com |
6 | \\/ M anipulation | ]
BT o o e e e G A R e A i s S i */
8 FoamFile
9{
16 version &
11 format ascii;
12 class dictionary;
13 location constant”;
14 object thermophysicalProperties;
17
18 thermoType
9{
20 type heheuPsiThermo;
21 mixture vaporInhomogeneousMixture;
22 transport sutherland;
23 thermo janaf;
24 equation0fState perfectGas;
25 specie specie;
26 energy absoluteEnthalpy;
27}
28
29 stoichiometricAirFuelMassRatio
30 stoichiometricAirFuelMassRatio [0 0 0 6 0 0] 7.9364;
31
32 fuel
33 {
34 specie
35 {
36 molWeight 594;
37 3}
38 thermodynamics
39 {
40 Tlow 200;
41 Thigh 5003
42 Tcommon 10003
43 highCpCoeffs ( 3 792 -4.94024731e- 4.99456778e- -1.79 94e-10 2.00255376e-14 -95 322 -3.2 2 Yis
44 lowCpCoeffs ( 2.34433112 00798052075 -1.9478151 5 2.01572094e-08 -7.37611761e-12 -917.935173 0.683016238 );
45 3}
46 transport
a7 {
48 As e H
45 Ts 72;
50 3}
51
52}

_’I‘l_



O thermoType
= UHAXE radXiFoam ZE=0AM FRA siAol] AFSEH= HesSo HEE ZE
A&Este OF=2t sl=2 ZAolct, O MEWHS2 oteliet 220, o &AMeh g2

=8[2,3]0 Z7[== 0o AUCt.

i)
Kl njo

- type: EXE S0 ALSE FAst of 4X| T{F|X|(package) 7t “heheuPsiThermo” ¢l &2
gtct. o] m7|Xl& LFEM 7SOl ME == enthalpyZt ALZEICEH

- mixture: F=2B7|2 iAo zoist= =eH7(Ae] &0l “vapor InhomogeneousMixture”
A2 Melst, £A-37(-F37(2] 2=0| HFLSH AAJU= dol HIECY.

- transport: =40l AF2E molecular viscosity2l Z2EO| “sutherland” & Ho|gtC},

- thermo: YEXE sHAfof A= specific heat(Cp), enthalpy(h), entropy(s)el =EO|
“JANAF” ol  Hostct,  sHESkE OpenFOAM-v21122] AA[9]=  janafThermo.C,
janafThermo.H, janafThermol.C O|C}.

1
et
B
>
0f0
_ol
rir
0z
jiu}
0E
0z
1>
1o
=]
0k
o

- equationOfState: € wA sHAolM “'R?_F S
“perfectGas” = ™elst, oMYA H

- specie: 7|8 EZUsiMol| FHOst=E =7|Ae M2

Heol=1

o
1
Op¥
(@)
0
[©)]
=
(@]
=
(9]
°
D
=
o
0
Hu

on
1o
0z
lo
ol
il

- energy: OlX|[ZHHAlOAM F2 B2 “absoluteEnthalpy(h)” 7t AtE

O stoichiometricAirFuelMassRatio

2 Qe $AZTI2 ZdsfMolM  dad  AAtel J|Z=o| EHE oAl
stoichiometric =AM FTa-4AtA SEtHEZA(A (1))2 7[E2 2 Hdteh Maeb =4

o ZFH|Z0|ct.
Ho + 1/20, + 1.834N, — H,0 + 1.834N, + 0.242 MJ (1)

M=2 “stoichiometricAirFuelMassRatio” O[X[2F AlX| M= Air CHAl Ak
(Oxygen) 7t  ARZEl  O|R+&= radXiFoamo| CHZ| &2 F3J7|IE =295ty <LsHA
OpenFOAM-v21122|  “verylnhomogeneousMixture.C” =Hst= }HAM ZE7|AH 2o At
2o HEEES A (2)2F ol ™oy WZolct. 4] (2)< stoicRatio().vaIue()”

71 eledo 2 FOX|= “stoichiometricAirFuelMassRatio” Zts AtEsict. &, 37|

of Ay w2 s U7| wf2of ptaet Ao HZHH[ETH D2t ZdOIEL Al (2)
oAl “fu” = A (3)nt Zo| Meol=n{, AAEES0| AoLIX] 2™ “fy” °F “ft” =
Sget gto| =t

_’|2_



scalar ox =1 - ft - n2 - wv - (ft-fu)=*stoicRatio().value() (2)
scalar fu = b*ft + (1.0-b)=*fres(ft, stoicRatio().value()) (3

~

o fuel
TAT7|2 ZELMoM HdAaEEs e HdZo sEsteE =22
=

s Aol AtS =

Jou
a1
oh
02
o
#g
ne
40
o

- gpecie: &t& B2 =2 Fg=EH= Ao = EAEHS HMolstod, 2.01594 g/mol O|c}.

- thermodynamics: @ME Mol ALSE= =22 C
do| A5 X|™Mstch JANAF 2Elo| M=

% e 2
(Tiow) 22 AIMSIT, 1 ghol wh2 CHEA A(4 (4)ol M8E & U= =38 XFeict

S
o o

Cp = (((a[4]*T + a[3])*T a[2])*T+ a[1])*T + a[0]) + EquationOfState::Cp(p, T) (4)

- transport: =2 molecular viscosity( u)ol CHEF sutherland ZEof & H b A(A
(5))E XIHs&tct.

O oxidant
TaE7)2 eS|l ALBEE e MIIMZE AIEE = Ao FEtE HE F
S oMol AEE= MR 42 ™ot O "gAI2 fuel?l =2t ¢

AFER A= gtS0l Fa2f th=ct.

o
[
mo e
MHr 4o

O burntProduct
SaB7|e ZusfMolA Hiutsel MMEl £57|(H0)el 3HEE ME U HRS
iAol AlEE= =

=
o Al gtE0| Faebs ChEC,

O waterVapor
T2F72 Sl Mol dALdbZol eS| Mol 7| Ze EXste =57
7] =S 2 X|Hstod, S EXFEL EMHX 52 “burntProducts” oI F=&7(|et =Lt

=

r
e

_’|3_



O

3-1-3. combustionProperties

= L2 I 52F &0 dasiAMol EH
| Soll 23t HoleE X gtct

Of¥
P

combustionProperties

29 XishapeCoef
30 uPrimeCoef

31
32
33
34
35
36
37
38
39
40
41
42
43
e

ignite
ignitionSites
i

{

location
diameter
start

duration
strength

);

47 ignitionCircleFraction

49

50

51 powerLawCoeffs
52 {
53
54
85
56
57
58
59
60 }

@

Hydrogen
{
W
alpha
beta

45 ignitionSphereFraction 1;

ot 4

46 ignitionThickness ignitionThickness [0 1

unstrained; //transport

17

18 laminarFlameSpeedCorrelation powerlLaw;
19

20 fuel Hydrogen;

21

22 equivalenceRatio equivalenceRatio [0 ©
23

24

25 SuModel

26 sigmaExt sigmakExt [

27 XiModel transport;

28 XiCoef XiCoef [¢

XiShapeCoef [0 |
uPrimeCoef [0

yes;//no; @

s’

48 ignitionKernelArea ignitionKernelArea [0 2

O

]
//algebralc

025);

laminarF lameSpeedCorrelation

= eIkt SRIIEEHE(S) EEE“
222 ZE 59| (7)ol 7|50 ULCt.
fuel

HAAadksAle] ¢d=ZTJF “Hydrogen” ¢l

2 “powerLaw” 2 X|™HSI=
AE X|Hstct,

_’|4_

Z0|od,

powerLaw2|



—

O equivalenceRa

= T AEA(A]L (6))oll EZetE| Y= fuel-air equivalence ratio( ¢) @ts
X|™dstod, o|atxel ststHbSAI(Al (1))l (2/337]) AZH[E tid| sHAMStIAL St=
=7|AH e (F=2/37]) HEdH|Eg2 UEHHCE o] g2 F5 10 Z&=H0 U=
IphaBetaCalc.py Z2IHS ALEsHAM T2 5 Ut O MHAME HE22 HIEH

—/ Q

10,11]0ll 7|= =0 RUCE.

To @ B
o u ﬁ
ASvu ASvuo( To (po) (6)
O SuModel
SRIEEE(S,) w2 Tot7| RlshM AIEE ZHEES XA™sich & 37l z2Eel
“unstrained” , “equilibrium” , “transport” SOIA $F JIX|E MEHE £ UC},
- unstrained: £ 2o XHEH “S¢ = S ZF e=EEM, S, w4 E 59
power LawCoef fs/Hydrogen ofziiel W gtel 2.1 o|ct.

- equilibrium: & 20| X|
AAHEICEH, Sigmase &
Zo| X|HE=Ct,

Sint = Sw X (1-Sigmas/SigmaExt) (7)
- transport: & Z2O0| XH=E™ Su @S AMsH| I =52 Al (transport equation)O| &
220, XME LH22 “bEgn.H” [4]ollA] metst 5= Ao},

ZRSHEESE(S,) S AXStE 2Ho| “transport” & Wi, I LU Alol 22X
of A}z oA &hol A Aol AMEE= B0l 2 Hafo T2 R HEE0| &
M 4t oMo Z BIt6IH SEMIIE O JISE X 24 286|8 AEE = dAS ESSH
7| 2lstolct. XiM|st LHE2 “bEgn.H” [4]<F E2s[12]0 LIE} RJCEH.

O XiModel

“flame wrinkling(Xi)” ZtS AXMSHZ| A AlEst= RHES X|™HSCH & 372
AAREIOL “fixed” , “algebraic” , “transport” SO|AM T JIX|E MEHE £ 2
cCt. Xie (8)2t Zo| Mooy, SIEAAM MIE Rosls FSHHAS EZ

4 = S
AT 2FEZ oA ol x|t ApMieh LHE2  “bEan.H” [4]ollA merst == Ut

_’|5_



O

fixed: “fixed” ZHO| X|H=HM Xi(¢) @22 ALSAL =Hof| ofst MTt AP EICE

algebraic: “algebraic” =ZEo| X™ME™ Xi(¢) s #st7] i & (9)7F HE=C).
AMIsH W22 “pEan.H” [4]2F EIEE[13]olAM TmetEr = ok Al(8)dM A==
“XiCoef” 2} “XiShapeCoef” = OpenFOAMOIA FHst= gtel “0.62" 2F “17 0| A= UCE.
“UPrimeCoef” ol Cier Z|& 2 17 olod,  “uPrimeCoef” @S AtEsHM  Turbulent
Velocity(u ) Ztol Al (10)2F Zro| HAL=ICE.

Xi==scalar(1) + (scalar(1) + (2*XiShapeCoef)=*(scalar(0.5) - b)) (9)
*XiCoef*sqrt(up/(Su + SuMin))=*Reta

volScalarField up(uPrimeCoef*sqrt((2.0/3.0)*turbulence—>k())) (10)
transport: “transport” ZEIO| X|™MEM™ Xi( &) =2 P17 YsiM F=u™Alo| Mg
of, XM L2  “bEgn.H” [4]2t &2 [13]0A] metser 5= Uct,

ignite
M2l (ignite) AFR {20 OisHA  “yes” E&= “no” 2 X™ESHCE,  “yes” 2 X

st “ignitionSites” ZEO| &ZSHHAM A4 AHO| AJRFEICEH

rir

ignitionSites: AT MOl A|RIE= X|F™, He, AIZ AZE X|EH AlZE 2 37(0f Hali A X]|
Aotk SRI Test 4-020 M= M7|Aut3 HaHEX|7F AL =YL, 0| Zelst| fIsiM 71
=l Spark Ignition Model[6,14]& HIHSZ 235t Qe II’“G}O:'EP. AMEE AH2
OpenFOAM-v2112 AA29|  “ignite.H” [9]2} Z [6,14]0l 7| == RUCE.

—_
oz

et

ignitionSphereFraction: SAA[&F Hd0| At el Aol AMzz{do| Faol2f
Hlg QlAto|ct & = elXte | 101H MAMZF #&ol2, 1ECt 2eH ARZ

ZFH ElCE SRI Test 4-020il A= AFEEl Spark Ignition Model2 Aztdedo] 2t o= 7}
HEACH6,14].

>

_l
ignitionCircleFraction: A A Fd0| O|xtRQl Aol HstzHEo| |gol2tl JIHE=
H| & QIXlo|Ct.

ignitionKernalArea: 74 dodo| Xt Ao Fsiz{4do| EHo|2tD JI¥stn &2
U lXII7F Al =ICE

power LawCoeffs

“laminarF lameSpeedCorrelation” 2 “powerLaw” 7} XM E A2 mf, & (5)0f H2=
Suo, alpha, beta S X|HstC}.

_’Ié_



3-1-4. turbulenceProperties

rlo
ol

K]

2 e F 63 2ol HRRS siAol LRt 72l olHe XMt

- =

I 6. turbulenceProperties

\
2| |
3 A\ / F ield | OpenFOAM: The Open Source CFD Toolbox |
4] \\ / 0 peration | Version: v2112| I
5 | b L | A nd | Web: Wwww.0penFOAM. com |
6 | NS M anipulation | |
A R e e e E R L T LT %/
8 FoamFile
9{

10 version 2.0;

11 format asciti;

12 class dlctlonary,

13 location

14 object turbulencePropertles,

ig }/ * % % * * * % * % % * * * % * % * * * * ® % * %k * * * ® T " YT * * * %* *® //
17

18 simulationType RAS; //LES;

19

20 RAS

@
22 RASModel kOmegaSST; //kEpsilon;
23

24

25 turbulence on;

26

27 printCoeffs on;

28 }

29

30 LES

31 {

32}

33

34 // e //

O simulationType

= UHOIX= HRrFs AMZS f6iM HEE= 2o FE2 II’é?_HZP. “‘RAS” &=
“Reynolds Averaged Simulation” O|11 “LES” = “Large Eddy Simulation” & <|o|&t
Ct, 2372 FUM2 28822 AL M “RAS” & AtSE AE FHSE
Ct.
O RAS

- RASModel: “Reynolds Averaged Simulation(RAS) turbulence modelling” 7Z|EIe| “HRRH S

X Hstoh, =257 ZYsHAM 2 KOmegaSST 22 [6,15]2 At2e HE FHsiC

rok

- turbulence: =HRFS Alttoll tiet dst ofFE A[@etch. “on” O A|H=H Zdatzi

“off” JF XY =M vl EdstECt

- printCoeffs: HR7a AlXh Al MEZE ZH®O| AHFE radXiFoam A3 stHol &= X[E X

stz =olctk. “on” O] XY =M stHE=0| MM ECE



3-1-5. radiationProperties

= 71t 20| HRRS iAol 2Rt 7|=Hel s x|Eetot.

- =

rlo
ol

K]

i 7. radiationProperties

radiationProperties

18 radiation on; o

19
20 radiationModel P1; /,fnone;@
21

22 // Number of flow iterations per radiation iteration
23 solverfFreq 10; @

24

25 absorptionEmissionModel vaporGreyMeanAbsorptionEmission; /[constantAbsorptionEmission@

28 {

29 absorptivity absorptivity
30 emissivity emissivity
31 E

32}

26

27 constantAbsorptionEmissionCoeffs @
[
[
[

33
34 vaporGreyMeanAbsorptionEmissionCoeffs @
35{

36 lookUpTableFileName none;
37

38 EhrrCoeff 23
39

40 wv

41 {

42 Tcommon 200;

43 invTemp true;

44 Tlow

45 Thigh

46

47 loTcoeffs

48 (

49

50

51

52

53

55 );
56 hiTcoeffs

O radiation
SAEHME AHp| et M3 JFE X[H™Eoh. “on” O XHEW &M=

“of 7 T X E=H Hlgd st ct

O radiationModel
SAERE A

Atol| Al= 51 TATI|2 ZdsiMoME ‘P17 =Hof Cf
sHMEE ZBA S sEsIR D, AME HES HE

2[5,16]0 7|==0f UCt.

O solverFreq

SALMY AMES 5= HIEE X|Hstch, F 73 Zo] 107 22 X|H™HSHH, §
S| ofst gF=EAH M (iteration)S 108 =& mjolct SAIEME AALS 15 35t
A =t radXiFoam ZE= XA 70| implicit 7|8t 2 J L= A7 mf 2ol +=F

= O im
THE UHEAZL WX FsEO et BrEAHMS HE slstA =ICt.

—



O absorptionEmissionModel

SAREME A Al Wes gmA 55 2 WA U RUS XIsch XY

e BH2  “constantAbsorptionEmission” EE=  “vaporGreyMeanAbsorptionEmission” =
Zb Zdof ek d™2 otz “of” | HEY of Y|s=Eof A, F BHo Z Xol= AFe 2k
o|ZMolct. radXiFoamoll 2|gt +=2F7|2 HEjMolAM= 7| Sol EMst= £37|18 =7|=
A2 2ost £, O £T7|0 2let EFAL S5 2 UEHAS SAGHYE ZHI o X 2HH
Aloz o|5t7| mf20| “vaporGreyMeanAbsorptionEmission” 2H S Al2E AW FHEsCH Xt
Mgt g2 Eazsl[16]d 7|s= o] RUCt.

O constnatAbsorptionEmission

A=A B4, WE Y YET|olol et ASE XY

o

ol

FCF .

r

O vaporGreyAbsorptionEmission

AL &5 % WEAFI 250 WA HEistE AS Z2ost= 2= 22T
AHE XMl XpMSE LHE2  “vaporGreyMeanAbsorptionEmission.C” [4]12F &I E&
[16]0ll A mieter == ULCE,

- lookUpTableFileName: radXiFoam ZEONAM= 2
StC},

4o
_t':_|
e

2 A8SIX| 2222 “none” E X|H

- EnrrCoeff: AL Saol 2|8t AWSHB(Q) T A (35 ukSof olst P
g xFsict.

- wvi $37|(Water Vapor)oll o8 H=AL B4 2 A4 2ol LS XSS X X
! o

Mgt &2 HIEs[16]olM metet 4 UCt.

3-1-6. boundaryRadiationProperties

2 oS E 87 20| BAINMEY siol DR AR2Y FAHM S AT
Bch 2t FAEel oS8T HmAle B4 ¥ WEASE AYh “type’ oM XM
‘lookup” 2 YHE AFE ALZSHCHE Slojolct, £ Ym 07 cClaselel ¢ o
29| glzio] M2 S==H, ¢ Il Q0| PUXHOR ZAAHMEY Ao MEED}

_19_



i 8. boundaryRadiationProperties

T e *\
|
31 W / F ield | OpenFOAM: The Open Source CFD Toolbox |
41 \\ / 0 peration | Version: v1906 |
Al W S A nd | Web: www . 0penFOAM. com |
6 | NN M anipulation | |
A e Rt e *f
8 FoamFile
9{
10 version 2.0;
11 format ascii;
12 class dictionary;|
13 location constant";
14 object boundaryRadiationProperties;
15
16}/*************************************//
17
18 "tentwall" /7 ".*" //
19{
20 type
2 emissivity
22 absorptivity
23}
24
25 "wall
26 {
27 type
28 emissivity
29 absorptivity
30}
31
32 "symmetry"
334
34 type lookup;
35 emissivity 0.001;
36 absorptivity 0.001;
37}
38
3970
40 {
41 type
42 emissivity
43 absorptivity
44}
45
46 [/ FEerEcRkkakdckkkokkR Rk kR ko kR Rk Rk Rk kR Rk kR

3-2. 7| ¥ ZA=A(0 tlHE2|) A4H

‘0" ClEME2|oll= radXiFoan siAfoll etk 157§ QIA} L= LE(field)el =
H

ZIAEf(initial state)2t ZAA ™ (boundary surface)ollMel MEZF a2 161} Z0| 204
AU ClAEZ[o|ct. o7|M, == AXZH f 2 Moo radXiFoamoll 2|5l HlAt=]=
T HEE U2 Rot=2 O8S 2 o|stct.

2.2TBVolume

Do C C C C C C
* Starred alphat b ft G k n2
i C C C C C C
D) Desktop nut omega P Su T Tu
[E] Documents C C C

¥ Downloads u wv Xi

J1 Music

a2 10, 7] 2 HAXAQO ClHER]) 8 B



3-2-1. U (Velocity)

20| AXEY of siMoiet d - RSE2 Hx(velcoity) E=

\
|
3] X\ / F ield | OpenFOAM: The Open Source CFD Toolbox |
4| \\ / 0 peration | version: v1806 |
| \\ / A nd | Web: wWww . 0penFOAM. com |
6 | \/ M anipulation | |
L R =/
8 FoamFile
9{
10 version 2.0;
11 format ascii;
12 class volvectorField;
13 object U;
14 }

15//ixk*i***s\-i****tt*i*i***t*i******t*t**//

16
17 dimensions [ -1 1; 1

10
is ——

19 internalField wuniform (© );
20
21 boundaryField@
22 {

23 walls

24 {
25 type noSlip;

27 symmetry
28 {
29 type symmetryPlane;

31 open
33 type uniformInletOutlet;

34 uniformInletvalue ( )3
35 value uniform ( )3

O dimension
2 =elXts £ 22[H XS ot &2 oA ZE X[Hstd, X} g2 Y
ALl X=E efolstct. el HEe| Z2|& X2 [m/s] Olct.

—

- [&2ZF(kg), Zol(m), AlZHs), 2=(K), 2(mol), Z=(cd), MF(I)]

O internalField

2 elXt= sHMifA & - RS MEEE= £ =7| @oltd, (U, Uy, U) &=
M=Z X|™Ect #Z 9™ “uniform” 2 2E w20 2ot gol ALstA XA = A
=3 S|
=

Stod, H| A2 Aoll= “system/setFieldsDict” IS Al2sHAf A™S = UL},

O boundaryField
= ™ elXt= FE 99 #o| sHAMfM & - =Ze| dAH MEE = HEo| =7

=
atolmd, (Uy, Uy, U) =MZ XIMECEH  “wall” ,  “symmetry” , “open” 2 AFZAl0]
ol XM= HAHL| o|E0|d, “type” = HMEE= AAzTZo A, AMsH

e Hazd[2]o 7[==0f RUCt.

_2‘|_



3-2-2. T (Temperature)

8 FoamFile

o{

16 version e;

11 format ascii;

12 class volScalarField;

13 location H

14 object T:

15}

LG /] % % * % % % k% k& ok k kK ok Ak Kk Ak Kk Ak E ko kE ko kA kA kS
17

18 dimensions I 8 1 ¢ 0];

19

20 internalField uniform 293.15;//20 degC
21

22 boundaryField

23 {

24 walls

25

26 type fixedvalue;

27 value uniform 223.15;
28

29 symmetry

30 {

31 type symmetryPlane;
32

33 open

34 {

35 type uniformInletoutlet;
36 uniformInletValue 153

37 value uniform 293.15;
38 }

39

40}

3-2-3. Tu (Temperature of Unburned Gas)

2 olfolxts E 113} 20| AXDY U sHAHA F - REFOIA edLurS0| Wt
x| gke EEvlMel 2% ool tiet A7|EAT 2 ZAHOIMe HAXAS XM

F 11. Tu (Temperature of Unburned Gas) =7| & ZAA=HA

8 FoamFile
9.{
10 version z2.0;
11 format ascii;
12 class volScalarField;
13 location &
14 object Tu;
15}
R R R R R R /!
17
18 dimensions [op081000];
19
20 internalField uniform
21 boundaryField
22 {
23 walls
24
25 type fixedValue;
26 value uniform 29
27
28 symmetry
29
30 type symmetryPlane;
31
32 open
33
34 type uniformInletOutlet;
35 uniformInletValue 93.15;
36 value uniform 293.15;
37 3}
38
39}

_22_



3-2-4. p (Pressure)

2 EoIRks E 129 20| AR U siATHA & - REFOIM A2 2mof| thst
£7|Z247 2t AABOIAMe BAXAES RWsto], 22& xS [ko/n- 6] Olct. 2
HIAl =
O T

“IF, &z Ze” o Z=dstct. a8 200A HAM  “open” OlM  valueZt
“internalField” 7} el AdA2 ¢ E2dM XI™HE  “internalField uniform 101325” &t
S AtEsHicl= elojolct,

¥ 12. p (Pressure) =7| % ZAA=A

10 version 2.03

11 format ascii;

12 class volscalarField;

13 location g

14 object 'K

15}

16 /] * %% + A Xk F 2 2 A X AR F X AT FE B XA AR L A B E F A A w * 17
17

18 dimensions [1-1-260°¢ Ts

19

20 internalField uniform 101325;

21

22 boundaryField

23 {

24 walls

25 {

26 type zeroGradient;
27

28 symmetry

29

30 type symmetryPlane;
31

32 open

33 {

34 type waveTransmissive;
35 psi thermo:psi;

36 gamma 1.3;

37 fieldInf

38 1Inf 103

39 value SinternalField;
40 1

41

42}

= UHCQIX= E 131 Zo| F=23E HAHL o|SsHAES Zolstes F=EEEA
(bEgn.H) 2|l =2 12l Regress Variable boll Cist siMCiA & - & Lo =7|=A
o Zh AAHAM e AAEZAHE X[HotH, 22| X2 FXAHHOICE "b=1" 2 FHOo|
TESHX| 2fotM ol MEflS oofstot. s urAl2 ‘T U(velocity)” 2F =5t

_23_



1l*- \
2| == |
3| \\ / F ield | OpenFOAM: The Open Source CFD Toolbox |
4] \\ 0 peration | version: 2112 |
5| W/ A nd | Website: www.openfoam.com |
6 | A\ M anipulation | |
S T—— */
8 FoamFile

9{

10 version H

11 format hlnary,

12 arch

13 class volscalarF\eld

14 location ¥

15 object h;

16 }

LT[ % % £ % % %k £ K K £ £k K K KK K K K E KA XK KK KKKk KK K kKX % [
19 dimensions [o ¢ 1

20

21 internalField uniform 1;

22

23 boundaryField

24 {

25 walls

26 {

27 type zeroGradient;

28 3}

29 symmetry

30

31 type symmetryPlane;

32

33 open

34

35 type uniformInletOutlet;

36 uniforminletValue constant 1;

37 value uniform 1;

38

39}

3-2-6. ft (Mass Fraction of Fuel)

2 olEolRle E 149} ZO| £4-Z7| o4pkSo] TR oirel
¥

H T o
o RS YoM E7|EAT 2 AAHAM AAZAS XH i

2 HlE0|7] mjZol FXtEolct AHLA2 “U(Velocity)” 2F SSICt.

SRI Test 4-02 sHAolM F2e Tent FAolgt EXHst7| 2o
“internalField”  gt2=Z 0" & X[Mstm, Tent Aol HMet
“system/setFieldsDict” HLtAZ ALEsSto{ X[MstUct. “ft” S Al
F5 12| “alphaBetaCalc.py “ofl 7|==0f UCE.

1 \
2| == |
3 [ \\ / F ield | OpenFOAM: The Open Source CFD Toolbox |
4] \\ / 0 peration | Version: v1906 |
5 | X\ S A nd | Web: www . OpenFOAM. com |
6| W/ M anipulation | |
T */
8 FoamFile

9{

1e version 283

R format ascii;

12 class volScalarField;

13 location [ 563

14 object ft;

15}

16 ] % k% ok ok dok k% ok ok ok ok ok ok % ke ok k% ok ok k ko ok ok kR ek ko k[
17

18 dimensions [e @ 0 0];

19

20 internalField uniform o3

21

22 boundaryField

23 {

24

25 walls

26

27 type zeroGradient;

28 3}

29 symmetry

30 £

31 type symmetryPlane;

32

33 open

34

35 type uniformInletOutlet;

36 uniformInletValue 3

BY: value uniform o;

38 }

39}

40

_24_
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3-2-7. wv (Mass Fraction of Water Vapor)

=2|H x2S 2T 8[50[7] o

= AHIX= F 152 Zo| sHAMfd & - ST oA 7| Zoll EXfst= +37|
l’ b % = =

=0 Fxtolct AHHAIZ “U(Velocity)” 2 Sstct So[AtaE2 st =37
o prn
o

=
ko2t 7| JollAel AHEE3 T=2-87| ELIIAHIE EXSt= Tent FHoA{el ==
7] AHES2 cl=2ct. w2t olzfeh H|7AYst 2= “system/setFieldsDict”
ds AR5t X™E = A “wyv” we AHilsls w2 BEE 19

“alphaBetaCalc.py” ol Z7|==0f QUct. SRl Test 4-
WA= X| gtotA 07 22 JHH s ct.

(=)
N
2
x
rr
>
oo
B

ol =Z7[2 ko]

E 15. wv (Mass Fraction of Water Vapor) Z=7| % A =74

\
|
3| \\ / F ield | OpenFOAM: The Open Source CFD Toolbox |
41 \\ /0 peration | Version: v1906 |
51 Y\ 4/ A nd | Web: www . OpenFOAM. com |
6| bV M anipulation | |
B0 Nt o e £ B 5 2 5 5 9552 */
8 FoamFile
9 {
10 version 2.0;
11 format ascii;
12 class volScalarField;
i3] location 0";
14 object wV;
15 }

G EEEEEE R R R E R TN
17

18 dimensions [90 9 9 09 9 0l

19

20 internalField uniform 0.0;

21

22 boundaryField

23 {

24

25 walls

26 {

2, type zeroGradient;

29 symmetry
{

31 type symmetryPlane;
X

33 open

34 {

35 type uniformInletOutlet;
36 uniformInletValue

37 value uniform 0;

38 }

2 e=elXt= #® 162 20| Mt & - =2 oM CfZ7] o &ExMst= 2Aao
T2 z=AHn 2 AAHOMe AAIZAHE X™siny, 2|8 X2 2 "H|50[7] mf 2o
SXrolch, durale U1 S5 HE” o Zasict, SolAlE 2 st AAa ko2t
T f7| =9 AHESH $=A-37| Z7|HMI7F EXNc= Tent G LjFo AA AHE
20| cl=2c}. w2l ol2fst PHof w2 H|74Yst 2= “system/setFieldsDict” I}
s ARBsSid X¥Eg £+ At “n2” “us Adtsts g2 £F 19

“alphaBetaCalc.py” ol 7|0 UL},
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8 FoamFile
9{
10 version 2.0;
11 format ascii;
12 class volScalarField;
13 location E)
14 object n2;
15 }
16 /f ************************************* ff
17
18 dimensions [eBOOO 0 0];
19
20 internalField uniform 0.767;
21
22 boundaryField
23 {
24
25 walls
26 {
27 type zeroGradient;
28
29 symmetry
30 {
31 type symmetryPlane;
32
33 open
34 {
35 type uniformInletOutlet;
36 uniformInletvalue 7;
37 value uniform 0.767;
38
39}

3-2-9. Su (Laminar Flame Speed) %' Xi (Flame Wrinkling)

=2 QEUX= E 17, 181} FASHH HAAHLe| o|&TAES 22o|sk=  “Regress
Variable b” 2o &Y Al(bEgn.H)Sl 2LEZ0| JYes LA ol A== SeF ¢

(=Si/S,)oll cHet siMofat & - & WollM Z=7|=d43 2 ZAHA M AAZAHE X
Il =

— —
s, S2/d 2 242 [n/s], FAHYolc d=eA 2 It £&
(@]

o

T
Mo
et
I
=
Rl
rn
I on
=
|5
>
A 0Q — i lor o

stct. Sy Faskol w2t I grol E2kX|ed, 2

. SRI Test 4-02 oM 27t gle 7] S =z

1
o

st X|™e = QU
= “Internal Field” olA2] S, 4t2 0.5 m/sZ X[™Hst O|Fe=

=
AT UMSHH Tent FY Q2 ALK 22 F2-37] EHV(AIE

n 2

k> o

e
>
W rr r= oxX 12 4% 02 oo ne

o \N

= |
St =2-37] 27|A7F @l YoM = S, 4ol EMSIHEITD -
ol LojLtx| 47| wizoll A& gtol siAoll ALZEX| 2=t ¢ o

st of SRaEETe HlE0lH, ¢ & Adtste gH2 M1E, o

1%
lo

r

1o
Hi
rlo
(@]
i
2
1o
:OL
x
ng
o
=
Fo
N
E=1
Mo
2
I
Tlol
o
N
X
lo
re
F>
=
00
N
R
o
— X 0H A e >
Noob
X T

S
=2
N O
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. Su (Laminar Flame Speed)

=

7

8 FoamFile

9

10 version 2.8z

11 format ascii;

12 class volScalarField;

13 object Su;

14}
15{rf*************************************ff
16

17 dimensions [e -160 0 68];

18

19 internalField uniform 6.5;

20

21 boundaryField

22 {

23 walls

24 {

25 type zeroGradient;
26

27 symmetry

28 {

29 type symmetryPlane;
30

31 open

32 {

33 type uniformInletOutlet;
34 uniformInletValue . s i

35 value uniform &.1;
36 }

37}

38

8 FoamFile

9 {

1e version 2.0;

11 format ascii;

12 class volScalarField;

13 object Xi;

14}

A5 /) % * % *x % & k K Kk K kK K K k K kK kK kK kK F kK KK KKK KKK K KKK
16

17 dimensions [0 00O A];

i8

19 internalField uniform 1;

20

21 boundaryField

22 {

23 walls

24 {

25 type zeroGradient;
26 }

27 symmetry

28

29 type symmetryPlane;
30 }

31 open

32 {

33 type uniformInletOutlet;
34 uniformInletValue 1%

35 value uniform 1;
36 1

37}

38
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3-2-10. G (Incident Radiation Intensity)

= UHQIX= FE 20, 211 0| F-F7| ALNUES Ll Al SAIEME Ao 22
gt “Incident Radiation Intensity(G)” 2| siAMCiA & - RS& UollA =7|=z3} Z}
dAHoMe HAAEHES XH™sio], B2|™M X2 [kg/s] olch a2
“‘U(Velocity)” 2 %O'OHZP. type” = MI== A=A st MMst a2 FIE

gl[2]ol 7|z =[0f RULCt.

\
|

3] \\ / F ield | OpenFOAM: The Open Source CFD Toolbox |

41 \\ / 0 peration | Version: v1806 |

5 | S 4 A nd | Web: www . 0OpenFOAM. com |

6 | \\/ M anipulation | |

A R R */

8 FoamFile

9

10 version 2.03

11 format ascii;

12 class volScalarField;

13 object G;

14

(5 /7 F E MR KR KR KR KRR B L RRE B AR KR KR KR RR B R AR A BRRK )

16

17 dimensions [0 -30000];

18

19 internalField uniform 0;

20

21 boundaryField

22 {

23

24 walls

25 {

26 type MarshakRadiation;

27 hd T

28 emissivity

29 value uniform 0;

30

31 symmetry

32 {

SE] type symmetryPlane;

34 }

35 open

36 {

37 type uniformInletOutlet;

38 uniformInletValue

39 value uniform 0;

40 }

41

42 }

3-2-11. k (Turbulence Kinetic Energy) & w (Omega)

20,212 20| F2-F7| AXI2E QoM EdE= HRFSE

2ol5t7] fleiM =R E  “k-w Sheae Stress Transport(SST)” =HO| FL QX! K,
we M & - 7S UlolM =7|=A1 2 FAHMe BA=AE

2|x xtal2 242t [mP/s?], [1/s] olct. @Al2 “U(Velocity)” ot Sstct. & 20,
2 = H

, o
210 M e elXt=2| grol 2+Zh 0.02 ¢ldl, o|Ad& 7| Jo 21 U

o [

HERSS DAl fElA TSR CE. Tent WE2F Ignition Model ¥4 L —°—| ,
w2 “system/setFieldsDict” IS AlEsto] wz X[He = ACt.  “type” of HE
= ZAZx=AHo| st AMs Lf2e ZT235([2,3,18]0 ZI&=0 UACH.
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E 20. k (Turbulence Kinetic Energy) =7| & ZAA=A

8 FoamFile

9{

10 version 2.0;

11 format ascii;

12 class volScalarfField;

13 location "Bvy

14 object k;

15}

16,,’***************ﬁ***********&***i****
e

17

18 dimensions [@2-206000];

19

20 internalField uniform 1e-2;

21

22 boundaryField

23

24 walls

25 {

26 type kgRWallFunction;

27 value uniform 1e-2;

28 3}

29 symmetry

30 {

31 type symmetryPlane;

32

33 open

34 {

35 type uniformInletOutlet;

36 uniformInletValue le-2;

37 value uniform 1e-2;

38 }

39

40

41}

F 21. w(Omega) =7| & BAAH=H

8 FoamFile

9{

10 version 2.0;

11 format ascii;

12 class volScalarField;

13 object omega;

14}
15fftt****tk**tt—******t*tt****t**ttt—***k*ff
16

17 dimensions [60-180800];

18

19 internalField uniform 1e-2;

20

21 boundaryField

22 {

23 walls

24 {

25 type omegaWallFunction; //omegaWallFunction; [/zeroGradient;
26 value SinternalField; ;

27 }

28 symmetry

29

30 type symmetryPlane;

31 3}

32 open

33 {

34 type uniformInletOutlet;
35 uniformInletvalue le-2; ff 75;

36 value uniform 1e-2; [/ 75;
37 3}

38

39}

- 2%? -



3-2-12. nut (Turbulence Viscosity)

8 FoamFile
o{

10 version

11 format ascii;

12 class volScalarField;

13 location H

14 object nut;

15}

16/ % %+ % ¥ % ¥ % h k h k kA A A KA K K E K Kk k kAL A A Ak ok Ek k]
17

18 dimensions [e2-100¢00];

19

20 internalField uniform 0;
g; boundaryField
24 walls
{
26 type nutUspaldingWallFunction; //nutUSpaldingWallFunction;
28 value uniform 0;
30 zymmetry
32 £ type symmetryPlane;
34 open
36 type calculated;

37 value uniform ©;
38 3}

3-2-13. alphat (Turbulence Thermal Diffusivity)

2 glyolrts E 237 20| AXDY U MY RETS LHRERSO o8 & =
2t A BN FAZUS XY

(Turbulence Thermal Diffusivity)oll CHgt =7|x=7H 1} Z

Std, =2/ Xt 2 [kg/m - s] ofct. leduk4

A=A
1 *
2 |
21\ / F ield | OpenFOAM: The Open Source CFD Toolbox |
41 \\ / 0 peration | Version: wv1806 |
5 | W of A nd | Web: www.OpenFOAM. com |
6 | \\/ M anipulation |
T S S SO — *f
8 FoamFile
9{
10 version 0;
11 format ascii;
12 class volscalarfField;
i3 location e":
14 object alphat;
15}
L6/ * % Xk kK E K K kK K R KK K K K X K K KK KK X KK E KK X K KX K ¥ [/
17!
18 dimensions [1 -1 -1 ¢ e]:
19

20 internalField uniform &;
21

22 boundaryField|

23{

24

25 walls

26 {

27 type compressible::alphatWallFunction;
28 Prt ¢ 53

29 value uniform o;

30 3}

31 symmetry

32 {

33 type symmetryPlane;
34

35 open

36 {

37 type calculated;

38 value uniform 0;

39 3}

40 }
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3-3. AHlAHH[Of(system ClAIE2|) 2=

“system” C|EEZ|o|= radXiFoam A S QA EHsH MY
Mojstz| flet mdEo|l O 1131 &o| 2oiU+= | Ez|o|Ct

radXiFoam

system

blockMesh  controlDict decompose  fySchemes fvSolution  setFieldsDi
Dict ParDict ct
= HLEM 0f(System CIRE2|) W& ZHH
3-3-1. controlDict
= mlo| WS(F 24, 25)2 Mol ez ZIEME= radXiFoam sfAfel MutAMol &
DpE T} el 9 £ Hel2 Ao

24.

EHl

controlDict &2

*controlDict

18 application
19

20 startFrom

21

22 startTime

23

24 stopAt

25

26 endTime

27

28 deltaT

29

30 writeControl
31

32 writeInterval
33

34 purgelWrite
35

36 writeFormat

37

38 writePrecision
39

40 writeCompression off;
41

42 timeFormat

43

44 timePrecision
45

46 runTimeModifiable true;
47

48 adjustTimeStep vyes;

49

58 maxCo

51

52 maxDeltaT
| =& |

binary;

radXiFoam;

latestTime;

endTime;

adjustableRunTime;

general;

O application

Aol AF2E OpenFOAM solver2| O|&& X|&&ich
O startFrom
Mol sHAMOlAM Z|&Ee ZE TV |ZH2Z AIS5H0] XA

_3"_

x5t
-/ =

mo| FZHojo|ct.



O startTime
Moot shAMoM AlRF AZES XESE I AMEE= WEHOOo[H{, 07 =

o o

rir
oo
1o
>

Ztol X|gE == Urt.

o stopAt 2 endTime
Molmt™ oz Al&HE sffMo| S=E e AlZF2Z2  “endTime” 2 AlEstEls HWEHO
Al

olct. “endTime” 2 AX ZB= A|ZFE X|Hst= HHOO|LC}.

O deltaTl

Moloy sHAMollM AHAMAIZE 24 S X|™ot= HHOO[o], LEHOZ HAAIZE 2+
Of a7 =Zt afjAdAdnfol| LS k2 ol = U7 2ol i F2lsiAM ZH-sl ol
StCh. 2 radXiFoam ZEOAME 7|2 Zt2Z2 “e-5 s7 8 FHStD, HE Jlsst A4
AlZb 2+ (adjustTimeStep) Bt “maxCo” Ztoll wW2iM A A Foll RS2 =2 HAMA|ZE 2+
Of =8 &= WS FHect AAMet A2 &I EZ6[2,6]0 7|=5[0] UCH
O writeControl % writelnterval

Molzty  sHAMoAM B2 ZIE MEets EHHE X H™Hste HEFo{o|od,
“adjustableRunTime” =k “0.001” 2 X|™SHH, A& A[ZFS 7|F2Z 0.001 s Ol &
HZ20E NS =ch, ch2 gEHoZ = jteration & Z|FE2Z St=  “timeStep”

o purgeWrite 2 writeFormat
“purgelrite” = Ho|md sHAof|Al ZZ+Z L}
2

= N&
s AtEsSt= WHEHo{o|ck, 07 o|H 2E ZZHEIIE X ZEstd, 07 O]
Z e

O writePrecision % writeCompression
“‘writePrecision” = M&E= siAZ

= X8 st= & ofolod, bl g

“writeCompression” 2 MZ&EIS| A= §FE “on” HE= “off” 2 XMt HH

ofo|ct.

Poubd Lf H XEe| ~Folske] At2|

i}
Al0| “ascii” oL [ 2+ MZEICt

o timeFormat 2 timePrecision
“timeFormat” = MZ&tzl= s A np o Lhe| Azt
C}. “‘general” 2 X|F , “fixed &= 11X

— = _J‘\_
“timePrecision” &= AlZt gtel ==Ate| &~=&o|ste| Az| =

o
>
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O runTimeModifiable % adjustTimeStep

“runTimeModifiable” 2 siAo| X == SZHl controlDict Tt L] =HIIs &
£ “true” E= “false” 2 X|™st= HHOO|CE.  “adjustTimeStep” & SolverZt At
S22 ALMAZE 2HAE =™ = JUAEE st WHOE “yes” E= "no” E X
Moot “yes” O™ Solver= “deltal” , “maxCo” , “maxDeltal” 2| Zt2 AlLS35}H0
HAAIZE 2HA 2| 37|18 Ats22 =Yt =t

o maxCo %! maxDeltaT
“‘maxCo” = Courant 2| =t gt= X|™stH, “maxDeltal” = AAMAIZE 2+A
(deltaT)e| =|CH Zt2 X|™SCE. Courant(=U - At/ Ax) =& YEHHo=z  “17 0|52

>

o =
X|Mstct, O oo|&= HMRSHAM RAe £TE T12{sto] ZE MoM AHEEH A 0]
AL = JAEF ALAZE 37|18 =d™st= Aol AtMeh Ate2 EE8[2,17]0

7l=5=0o] ULt

o functions
2 oolde sfMol FHE w ALKl ol XUisle BHE Adsic dsixoz
E X =2
| o

AMEXZL jAMifat - FSE W ZEXHAAM i d
st
O sensorP

= AUHME= AME 2= (Pressure) ZIME 7702 @ X[0Al 0.0002 s ZHHE2=Z2 &
gsto] Iz XMESt=  HHOOo|Ch. “sensorP” o Ol & mol
“case/postProcess/ CIE Ez2|of MM EICH

OlHE St FEE M ALESts B0

ol

- writeControl % writelnterval: Zo|otd o=z == siAofA = Olo[Eel ZItE {10
sxaidol J|Fg o A2 ZHEEZ  XYst= @Ho{o|ct.  “adjustableRunTime” 1t
“0.0002” = Solveroll 2laiAM sifAdo| ZAM== AlZio| oi2tM Hole Z£0| =F =0,
71 Z+240] 0.0002 s 2t= 2lojo|ct.

- proeLocations: “blockMeshDict” Imol| ofshAM MM=E AXZH LM AHS FES =

FAHE AEst= FFofolct,

fields: sfMZ2 ZolM FZ&¢ OOlE{7} p(Pressure) &= XM stCt.
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I 25. controlDict - functions Ql2d YitH

54 functions

55 {

56

57 sensorP

58 {

59 enabled t

60 type probes;
61 writeControl adjustableRunTime;

62 writeInterval i3
63 probeLocations (
64

65

66

67

68

69

70

71

72

73 ) [

74 fields (

75 P
76 ):
i é }

78

79 sensorT

80 {

81 enabled

82 type probes;

83 writeControl adjustableRunTime;
84 writeInterval 5

85 probelLocations (

A A~
e

-

~

°

(=}

// Ign
// Ionil
/] Ion2
Ion3
// Ion4d
// Ion5
// Ion6

b
(5]

A A~
P A T =
~
~

95 fields (
T

3-3-2. fvSchemes

2 glelo] E(E 26)2 B2IMel XuLHA(A (11)8 FAAMS 25 2L
MoR WES Uf ALSEH YHS XHSHE Aolof, HASIIAL sts BalE Bl 23
M ZQ WaSo| AU XHeich A AlRFe FD2#[2,3]0] 7|&=of Uct

apU)

STV U=V e pV U==Vp (11)

O ddtSchemes
Ko erM AL (AL (11))2e] TH 21ZF o A|ZF sto| Xt& HHHO|C. OpenFOAMOAM = 72X
H-

O = Euler &S HMSTiCt.

O gradSchemes

Al b Al (A (11))2] Gradient & (Vp)el XtE 2HO[ICEH. OpenFOAMOIAl = Z|E2XMo=z
Gauss |inear S A =shct.

o divSchemes

X|uf e Al(AL (11))2] Divergence (v « )2l A 2 O[CE. OpenFOAMOIAl= 7| &
Moz MNa=Ee YWHECHE AFSAD)F 2l XHs=s WS FHstD ot



[ inearUpwindV

=1 3=F!
=

o

div(phi, U): “v « 00U’ & Divergence &5 XAt=3t & M "Gauss
cellLimited leastSquares 1" WHE AlEsict. phie YEAS=Z
ETHEE 2o|sto{[3,9], diviphi, U)= 2T WdAle HFS LIEIHCE,
div(phi, k): “wv « kU” 2| Divergence &= At=2zt & m| "Gauss upwind"
Ct. div(phi, k)= He2Ho| 204X e Aol ff7et2 LIERHCE,

F 26. fvSchemes &2

fvSchemes
17
18 ddtSchemes
19 {
20 default Euler;
211}
22
23 gradSchemes
24 {
25 default Gauss linear;
26}
27
28 divschemes
29 {
30 default none;
31 div(phi,u) Gauss linearUpwindv celllLimited leastSquares 1;
32 div(phi,K) Gauss linearUpwind celllLimited leastSquares 1;
33 div(phid,p) Gauss upwind;
34 div(meshPhi,p) Gauss upwind;
35 div(phiv,p) Gauss upwind;
36 div(phi,b k) Gauss upwind;
37 div(phi, ku) Gauss upwind;
38 div(phi,epsilon) Gauss upwind;
39 div(phi,omega) Gauss linearUpwind celllLimited leastSquares 1;
40 div(phi,omegal) Gauss upwind;
41 div(phi,R) Gauss upwind;
42 div(R) Gauss linear;
43 div(phixi,Xi) Gauss upwind;
44 div(phiXi,su) Gauss upwind;
45 div(phist,b) Gauss limitedLinear©1 1;
46 div(phi,ft_wv_n2_b_ha_hau) Gauss multivariateSelection
47 {
48 n2 limitedLinear®1 1;
49 wv limitedLinear@1l 1;
50 ft 1limitedLinear®1l 1;
51 b limitedLineare1l 1;
52 ha 1limitedLinear 1;
53 hau limitedLinear 1;
54 ea limitedLinear 1;
55 eau limitedLinear 1;
56 ¥
57 div(u) Gauss linear;
58 div((Su*n)) Gauss linear;
59 div((U+((Su*Xi)*n))) Gauss linear;
60 div({(rho*nuEff)*dev2(T(grad(U))))) Gauss linear;
61}
oz
63 LaplacianSchemes
64 {
65 default Gauss linear limited corrected ©.5;
66 }
67
68 interpolationSchemes
69 {
70 default linear;
71}
72
73 snGradSchemes
74 {
75 default limited corrected ©.5;
76 ¥
77 wallDist
78 {
79 method meshwWawve;
80 }
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O laplacianSchemes
XA (A (1)) 2] =24 & JoA  “vig” X2 2HO[CE. OpenFOAMOIAM = 7|

2MOZ “Gauss linear limited corrected 0.57 WS X Z oo},

O interpolationSchemes
=N T = = o 1 XIX‘IO-”A-I 7:”J\|_ I:I:|£|\_(o;”

ti
7(I-T'__c> oé|
—_—
=)

SZ_IIZ_ OI-E!

S F& nHOAM SHMUiA A FSZE U EZ
: ) |
Ct. OpenFOAMOIIAl = Z|2X oz “ME 8 (|inear)

ws o[8sto] §E X

O snGradSchemes

-

M

AEUHA S HMots YO AX A dHof| Al MEOo| Hest ARIF US o
AlEst= A2 O0(CE. OpenFOAMOIM = 7|22 Z  “limited corrected 0.57 HH&HES
M= st
O wallDist

LRRES S4BT 2sHAl RAS AI”Ol k-w SST 2HS MBFH, IO Wall
Functiong AlEst?| {20 HHOS=ZHEE Hz| HET} “'OOHH AAtst= g ol
“‘meshWave” oO|Cl. XpM|st AL O 26[2,3,18]0 Z7|&=0f UL,

3-3-3. fvSolution

= (I 27)2 AZUHEAES siMfet AX2Hol| HES5H0] YdE dH A (Matrix)
2 2 I st Solvere| JF, & st ™
DS

(Preconditioner)®2t Smoother, FE7|&=(Tolerance)E& X|&
Test 4-02 A S ¢ oHH AMEEAUE Solver 52 ZHEFS| HAHSICH. XM W22 D

=8[2,3]0 Z[==0o AUCt.

O Solvers
X Alof e XEYHASS dTAS=R otE ) siE 75| flsiM XMEo
S tolerance, relTolE Z[=stCt. &A ol2x &4

olver, smoother, preconditioner,
2 FIE8[2,3,19,20]0 AtM|5| 7|==0f UCtH,

- PCG/PBiCGStab: &HEAIS £ m| ME5Sk= Solver & stt2l “PreConditioned (Bi)Conjugate
Gradient Solver” & XMEstch, CHaH 2 PCG, HICHAME 2 PBICGE F=2 ALS S,

- PCG/PBiCGStab: & Solver= DILU(Diagonal Incomplete LU decomposition), Gauss-Seidel gt
=

Moz WAL

- 2ol AZEF Solver /ol CtEAXZ[# 2| Solver ! GAMG(Geometric agglomerated Algebraic
Multi-Grid) solver 2 Mz EM2 FIE3H[3,19,20]0 7|== 0 RUcH



i 27.

fvSolution

olgd

[= |
FvSolution

Z22 solver PCG;

23 preconditioner DIC;

24 tolerance 1e-06;

25 relTol 1;

26 }

27

28 pFinal

29 {

30 Sp;

31 tolerance le-086;

32 relTol :

33 1

34 Su

35 {

36 solver smoothSolver;

37 smoother GaussSeidel;

38 preconditioner DIC;

39 tolerance le-86;

40 relTol 1;

41 1

42

43 SuFinal

44 {

45 SSu;

46 tolerance e :

47 relTol H

48 }

49

568 rho

51 {

52 solver smoothSolver;

53 preconditioner DIC;

54 tolerance le-05;

55 relTol 5

56 ¥

57

58 rhoFinal

59 {

60 srho;

61 tolerance e-05;

62 relTol i

63 1}

O smoother

smoother= AAIZH el EMOZ QA &lF Al S|E F5t= AUH™HO| =Xl= HE
S =} (=}

URI5H7| fIshM ALE71Holct S35 HRFsE of
=

7_1% _'E_gl_-l[s 9 20]0'” 7|§E|O'i )\A

- GaussSeidel: & 7|2 Jacobi gHHolA ZHME Zd0
b StCl. KIM|SH AlBt2 ZtD=

=]
I-I:H% A|-

ol _ =
L%—LE DI_I-—I_ o H|H

- 1 29 ct2 7|2z DIC(Diagonal

Incomplete-LU), DILUGaussSeidel SOl

O preconditione

or
smootherE if%%"é“Ql dHHFAS Z7| Mol FIHAECl E=XE

5|01 ATt

o

AUCE.
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Incomplete-Cholesky),

g e <

DICGaussSeidel,

o = X|

DILU(Diagonal

35t sl E T35t
OZH[19]0 V=



- DIC/DILU: Preconditioner 7| =2 S =2 &l Hol| =

= —
Incomplete-Cholesky), B|CH& S o= DILU(Diagonal Incomplete-LU) & X &8tct

- FDIC: cHEdHol ME=+= DIC 7|HES O %z AMAAF= Z|¥Hel FDIC(Faster Diagonal

Incomplete-Cholesky) O|C}.

O tolerance

OpenFOAMOI Al = S Al SE F& W iterative method(EHSZ Z7|#) S ALSSH|
20 o Bi=o| s{(ofl: p, rho &)7} iterationo| XM= I gfo| DHEX 1,
a4 wWe = gct. w2t ol §M W Zo iterationol| mE FEHE el J|FE
(ol : 2™ olst 5At2| 7tX|= SLafiolF &)2 MAlst, I 7|F0| SHEEH FHE
ot Pl He=z2 EEESCE

o relTol (Relative Tolerance)

Relative Tolerance= iterationO| ZI&i&tol| w2} ol BH=2o| |7} Bist= MEE H
JF & mlf, of® AIE(o: A HM |teration Al FHZEl ZHE 7= 2 HISHE Aot

'
5, 5 HH [teration@Z FSHZ HE A HM iteration? H=E LiF= ZAWo|cl. T,
relTol (0] “0” 22 X|HEMH,K E IMES ALEoHX| 2SS 2|o|sict.

[— —

o =*Final
=2 SMe iteration?| OFX|2 cHAO|A TEEA|ZFOF & 7|F=E M A|stC},

O PIMPLE

radXiFoan ZE= o] 2& Y A2 Navier-Stokes Equationo|7| mi-Zoll tiF&Ho| H
Malolm, &zef ¢tado] M2 A E o Uct welM o3 EAMS JIE 252 dMAlS
E7] flshM BN 2SS S JHEE = LS ALE ofg, AllkE 243 ghs ALSdl
M zBHo=R (or

2SHES Aptsts HEHol PIMPLE(PISO-semi—implicit  method
Pressure-Linked Equations) €125 (a2 11)2 E=35H¥Ct. o PIMPLE &1z|52 4l
St

nCorrectors: PIMPLE 2! PISO loop(2& 11)0llM correctorg ¥ H e X|& X|™HSIC},

nNonOr thogonalCorrectors: Xt=2HHAle| Laplacian &2} zntedstol RA el F=gteknt
(o]

A do| mHo| Hzez HX| plotM EF g s Al E2et A& AFetot

- momentumPredictor: WM AI(OE 11)2 E7| Mol 2SS oEsts HAE e A

=2
=
2l Xlof et {FE “yes” HE&= “no” =2 A[Fetct.

- nOuterCorrectors: Zo|ZA AHAoA EX-SH time(t)dlM 1 cb3 EHAL| time(t+At) 22
=

ZIst7| ol PIMPLE loopE EHFSH= SlE X|Eett.



Flux
corrector

STAR.T t _— tstart

Energy

Momentum
matrix

Momentum
predictor

Pressure
equation

Momentum
corrector

—— WHILE ¢ < {.4

t=t+ At

T |0t + Ve(uT) - V+(aVT)=r
under-relax, solve for T
A-u-b Eq. (5.21)

under-relax matrix eqn

= R==4p PIMPLE loop |

solve for u
1!
| —— H(u)
v AVp =V [ i ]
solve for p
ye: O\ i) l
E PISO loop 4
’ under-relax p
_Hw 1 -
T A A
pillﬂéfljw'
ENDWHILE

T8 11. PIMPLE Algorithm A&t =AM

I 28. fvSolution - PIMPLE/relaxationFactors

olgq

=]

-

127 PIMPLE

128 {
129
130
131
132
133 }
134

nCorrectors

nNonOrthogonalCorrectors 1;
momentumPredictor yes;
nOuterCorrectors 2;

135 relaxationFactors

136 {

138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155 }

fields
{
p
pFinal
}

equations

_39_




O relaxiationFactors

radXiFoam ZE= FT237|2 ZLHEAS dfMde I Mo|2fH 22 sfAMsHof stE2EE2 2
£ XEdr™Alof|l  “AlZF 0|28 time derivative term)” Ol RUCE. OpenFOAMOIAM =  “A|ZF
o|2s” & Oo|atster ml implicit Z|HES AFSSHZ| 20 AlZH2EH A7|(time step

size)E explicit Z|HECH IAH & = U= ZHO| UX[2H, MEZR AlZHnew time step)

ol F5l= BHa= O™ AlZH(previous time)OlAl AHAtEl Bifo| ZtS BEEXMOZ O A}

Zst7| 2o == siE Fst=d olzAz0|l U2 = UCE. O[=F &2 implicit 7|¥e]

T8 H2l57| 2sHA  “relaxation factor” & Z=QI5101, O|A A|Ztol| M| A AHEl HH
H

8 122 &0 AFZALZE 0 - 1 AlO|ollA| XM st S StRUCE.
= b

geie ¥ 13HE LS o9z E 4 AL, 2

P L Dew._ ____ S

under-relax

>

AW

e |current ta AW

12! 12, Relaxation Factor ZHEE

3-3-4. decomposeParDict

= Ot (FE 29)2 HEALMZ M ARz2H S 2 JHE MES AlZ X[of tist M2
£ X|Hsetch ARES At ALME SHEQIOS CPU 7HE2t & AKX M =5 Fsto, <f
10,000 cells/CPU H|EZ2 ZAXZZEZ MEStstH EFEE
scotch” = ZAAEE ME=} Alolf CPU Z 0| Ato|e| HHA <

I:H o=z OLE;ix;i El‘[ ]

¥ 29. decomposeParDict &I

decomposeParDict

\
2 |
= o Y § Field | OpenFOAM: The Open Source CFD Toolbox |
4| \\ / 0 peration | Version: w2112 |
5 W/ A nd | Web: wwWw . OpenFOAM. com |
6 | W M anipulation | |
o *f
8 FoamFile
9{
10 version ¥
11 format ascii;
12 class dictionary;
13 object decomposeParDict;
14}
IS5 /] # 2 2 & ¥ 2 2 X F I XL X X XX XX T E XX R L L E R LR TR L E L Y
16
17 numberofSubdomains ;|
18
19 method scotch;
2@
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3-3-5. setFieldsDict

= Ot (FE 29)2 MA sHMUfM o - R o dist =7|=AE d|FLstH XH

o AtZst= f=240|ct. SRI Test 4-020| M= F2-37| ALUESO0| Tent W FofA{Th &

M3SE7| o 2o “setFieIdsDict” TLFOE'% AP%3P04 stetE =M ™ g X[Hsi A,
17 lgniti

*setFieldsDict

kang-v1912/run/SRI40

10 version 2.0;

11 format ascii;

12 class dlctlonary

13 location stem'

14 object setFleldlect;

15 }

16 // * * * % % % % % ® ® ¥ ® ¥ ® * £ * K Kk K K K K K Kk kK Kk kK Kk kK kK kK kK k k x x f/
17 defaultFieldValues

18 (

19

20 volScalarFieldvalue ft 0

240 volScalarFieldValue n2 0.767
22 volScalarFieldValue b 1

231) ;

24 regions

25 (

26 boxToCell

{
28 box (5 0 0) (7.2 1.1 1);
29 fieldvalues
(

31 volScalarFieldvalue ft 0.029
32 volScalarFieldvalue n2 0.745
33 volScalarFieldValue b 1

34 volScalarFieldvalue k 150
35 )5

}
37 sphereToCell
{

39 centre (6.1 0 0.025);
40 radius 0.06;

42 fieldvalues

44 volScalarFieldvalue p
45 volScalarFieldvValue T
46 volScalarFieldvalue omega
47 volScalarFieldValue k

O defaul tFieldValues
=2 s SoliM HgLst RxE FIOX st= S 2ol ft, n2, boll CHsHA ™

M-S0 glE REetot,

- boxToCell: SRI Test 4-02 Tent YA S OpenFOAMOIA M &= “box” &M[2,3]2 AIES

of XY ¥, B5E THBY U 5 x7|x742 XFHAC

- sphereToCel|l: Spark Ignition ModelO| XIX|st= €Al F(sphere)E SAZIERF HHHdo=Z

AFe 5, 298 2 HRIS 27|52 MHYHYUCH

_4’|_



4. radXiFoam 4!3HHHH

2 Tl M= AF2AI7F radXiFoam =2 SRI Test 4-02 QL XZE M 2%, M 3Ztnt Z
O 2tMst =0l case CIHEZ|OA T=2F7|2 ZLiMES Adlst= S MHSIIA}

£ HoM= ertdE SRl Test 4-02 UHXI=E AlEstod  “170 CPU” & A3351H0d
Serial Run A& = “Cl=2| CPUs” & Al235t0] Parallel Run A3l St= WHsS A
Zdsj M2 Zdlo| M SHE oo AXL A2 o &AM

WSt DX} S, A5 7|2 ZdslMd 2 = Al =2 S
Moo stEE2 M AR =7} MES| HolX|H =t ci2tM HEAAMS AMdist= 20|
= HAAZbEg BHEE = At
4-1-1. BtAAMHH™ 2 Serial Run Al BHH
O OpenFOAM ZtAMZA 3! radXiFoam I234A
2lsA sHFolM EHolde 2E 8 =0l OpenFOAM-v2112 sHEME S fIgt HEHOE
* £ <IsHM (1)

O 132} Zo|  “of2112” lEdsto{ ASst = radXiFoam aff4] =
blockMesh, (2) checkMesh, (3) 0

o Serial Run(ZZAHAH 4
SRl Test 4-02 LHXI=Z
HO{E ¥=stH, “1 CPU”

= case CIAEZ|OIM 28 132 Z0| “radXiFoam” o
At235H= R A AN Serial Run)o| A|ZRb=ICY,

l.”“.u _'_ OOI'

oI

0.orig constant postProces system case.foam
sing

user@user-System-Product-Name: ~/OpenFOAM/datafradXiFoam QO

$ of2112
S radXiFoamI

2 13. radXiFoam ZIZE A A AlGH 510

4-1-2. WAL Ay

o ZAXIZY decompose &M

HHAAMES fsiMe= HX, OpenFOAM EAMZAN 2 radXiFoam LHMMES 3l
, MME AXzH S HIAAMEBSZ MES st7| fIsHA decomposePar HHO (2
14)E AlsStH  “caseffsystemfdecomposePar”  mplol| rh2fA HXizEo| FE&E
“‘casefOf" Cl|AEZ| of =7[x=70| & =, XHE HBEIN 70 sfiLst=

a

M

—

kl OU

Al
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A 2|7t YHECH olnf AN ASEE SHE0{2] CPU =0 Aol RAA AR
sYg 2asyo} sict

user@user-System-Product-Name: ~/OpenFOAM/datafradXiFoam =) = —

S decomposePar I

Decomposing mesh
Create mesh

Calculating distribution of cells
Decomposition method scotch [8] (region regicn®)

Finished decomposition in 1.99 s
Calculating original mesh data
Distributing cells to processors

Distributing faces to processors Number of processor faces = 33839

Max number of cells = 159548 (0.979747% above average 158000)

Max number of processor patches = 5 (33.3333% above average 3.75)

Max number of faces between processors = 11131 (31.576% above average 8459.75)

Distributing points to processors
Constructing processor meshes

Processor 0 Time = @
Number of cells = 158176
Number of faces shared with processor 456 Processor @: fi transfer
Number of faces shared with processor Processor 1: s transfer

Number of e i processor =
Number of e E} Processor H transfer

Number of pre g Processor 3: fie transfer
Number of bo y e Processor 4: fi transfer
Processor 5: fi transfer
Processor 6: fi transfer
Processor 7: fie transfer

Processor 1
Number of cells = 158834
Number faces shared with processor @
Number of e i processor
Number a d wi processor
Number

0 Recent

% Starred consktant postProces  processorQ processor?
sing

(st Home

[ Desktop . . . .

processor2  processor3  processor4  processor5  processoré  processor7
[E Documents

¥ Downloads

system case.foam

aF 14, GAME ARRY 2

ek
08
o
2
Ral
il
oA
a0
I
il
EE
=

O BT H| AL AlSY

decomposePar WHO{o| 2|siA AXZRo| Cish F&&tdol tz=lH, I8 157 &
o &AM M mao{el  “mpirun -np 8 radXiFoam -parallel” & @25tH A AHO|
AlZHEICH ek StHo| E3E= MEE Dz XMEstn 42 = “mpirun -np 8
radXiFoam -parallel >> mylog” WHOE =stH =t 047|M, myloge XMZE== uf
2ol o|Folct. HEAH M| MHEHM M= S22 2 zESZ 0= HX2Ho| £
2= CclAEg|o Otz MEECch welA oA 2&E ZIES & ME ™A FO
Y AlZboll et MEe = g, 3 WHO=  “reconstructPar”  O|Ck. 2Lt
= oM o SHECtE sHAMZI B4 AT EQo{el  “ParaView” oA B A4

of Zuud g AL E0o|lE M  “Decomposed Case” = AEHSIO] ALEE WS FHSHC},

- Zl3 -



user@user-System-Product-Name: ~/OpenFOAM/data/radXiFoam

S mpirun -np 8 radXiFoam -parallell

12 15, radXiFoam B4 A4 AlSH 2320

Lo]

—

ol

L]

02
foh

[m]

a
T
i
02

4-2. A

—

J

4-2-1. MY WO 3 ¥ 7|5t HE &Y

Ooh

o
-

™

Job
e
2
T
i
n
rir

= Mo|M= radXiFoam A3 WHHE A
16)0l CHafM A5t oX} she

—_

=

7|zt HE(OH

JI * % % % %k ok ok ok ok koK ok ok k koK X K K K Kk Kk ok kK Kk kK K K KKK KK

Create time

Create mesh for time = 0

PIMPLE: no residual control data found. Calculations will employ 2 corrector loops
Reading combustion properties

Found ignition cells:
1(324060)

Ignition on
Reading thermophysical propertiese

Selecting thermodynamics package

{
type heheuPsiThermo;
mixture vaporInhomogeneousMixture;
transport sutherland;
thermo janaf;
equationofState perfectGas;
specie specie;
energy absoluteEnthalpy;

min(b) = 1
Reading field U
Reading/calculating face flux field phi

Creating turbulence model Creating field Xi

Selecting turbulence model type RAS Creating the unstrained laminar flame speed

Selecting patchDistMethod meshWave Reading strained laminar flame speed field Su

RAS
{ e Calculating turbulent flame speed field St
RASModel kOmegaSST;

R ehulence on; Creating field dpdt

printCoeffs on; Creating field kinetic energy K
alphak1 0.85;

alphak2 1 No MRF models present

SlphEonedal i Selecti diationModel P1
n

alphaOmegaZ electing radiationMode

[ELLESS
gammaz2
betail
betaz
betaStar
al
b1 - Courant Number mean: © max: ©
deltaT = 1.20482e-05
Time = 1.20482e-05

‘0828; Courant Number mean: 0 max: 0O

-09; Starting time loop

[cNcNoNoNo oMo Nl

decayControl
kInf
omegalnf

Se.tectlng RAS turbulence model kOmegaSST Selecting laminar flame speed correlation powerLaw e

-856; _ Selecting absorptionEmissionModel vaporGreyMeanAbsorptionEmission
+555556; Selecting scatterModel none

44; Selecting sootModel none

.075; No finite volume options present

ot
[
N
o
H
0z
o
2

12 16. radXiFoam AHAlS £
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© PIMPLE loop corrector ===
“case/system/fvSolution” oM 245t ME} St X| Eolsho},

O ignition model AlZ
“case/constnat/combustionProperties” oA U24st HELl TSt X| =QlstC},

O thermodynamics package M &
“case/constant/themophysicalProperties” oM @245t &

O turbulence model HME

“case/constnat/turbulenceProp S 2!
Fodo M= ATs2 Adn o222 Sl ZA™ = ZHO|E 2 OpenFOAMOll A H|

—

erties” OllA l2dot EEt St X[ =helgtet, =
==

Ishe 712 A2 AISE U2 FHICH

O combustion AlAF HHE
“case/constnat/combustionProperties” oA 2]

O radiative heat transfer &
“case/constnat/radiationProperties” OlA{ &l245l

2 Ho|AM= radXiFoam Mo|z2fd o=z ZA =T mf2of| 2+ timedlA iterationO| ZI&H
= Mol ztHof| I8 173 Zo| &=t

PIMPLE loop CtollAl 2=T % sttE AEEHH A s E F5H7| fIsHAM iterationO|
M= HM A AE residualt 22Xt S0| stHol| ZHEICE ZH XFEYHM A MEBE

Solver, Corrector 2 Loop & & “case/system/fvSolution” ol X|&H = Zdo|cC}.

O radiative heat transfer HAHEHEA warning M Al X
radXiFoame CHZ| &oll &XMst= F3S7|0o 2st EAIEATXE

o
=
W= A= ACt. wetM thi7] e #357c 23572 FLIHAAM oL

oAAHIS 2t 3EHHIS S olga|x| det=z T8 17t 20| Heat Source@l  "Quot
field” 7t 2AZX| pt=cte ZIMAXTF S5 Ect 2L ol 2 H=2[Hel 20|

ofL{E 2 ZA|SiCt,

o o3 UESE XEUNAl 5
PIMPLE loop CtollAl 2 2 HHrRas AHEZHAIS sHE 57| fIsHAM iterationO|

Al
Tl = HA ALE residual 2t 2XF S0| =tHo| & E .

—



5if 4

10|

o MO

jZ#

(Time)

o Ao A=
O

—

St=

o AHMEE
time stepdlAl HO|pH AHA™E L HAAIZE

glof AlZbe s
ME|HA ZBE CPUTF AFRE Al

A A= Courant =7+ & =},

diagonal: Solving for rho

PIMPLE: iter
DILUPBiCGSta
DILUPBiCGStab:
DILUPBiCGSta
DILUPBiCGSta
DILUPBiCGSta
DILUPBiCGSta
StCorr = 1

n 1

Solving
Solving
Solving
Solving
Solving
Solving

Max St-Courant Number =

DILUPBiCGStab:

Solving

min(b) 3.09928e-06

DILUPBiCGStab:

Solving

max(Xi) = 6.98634

max(XiEq) = 39.8829

Combustion progress = 0.000222346%
FOAM Warning

From virtual Foam:
vaporGreyMeanAbsorptionEmission

o

for
for
for
for
for

Initial

Uy,
vz,
ft,
wv,
n2,

Initial
Initial
Initial
Initial
Initial
Initial

0.0189866

for

for

b,

Xi,

:tmp<Foam

Initial

Initial

residual =

residual = 0, Final

residual
residual
residual
residual
residual
residual

residual =

.0444981,
.0362185,
.0424185,
.00160561,
.00305759,

.000605209,

7.22803e-06,

0.00225357,

o AF =E[H AlZMEETE &4 &

Final re
Final re
Final re
Final r
Final r
Final

Final r

Final r

eometricField<double, Foam::fvPatchF

Cont(Foam:

:label) const

2+2437|(deltaT), SR HAFA|

residual = 0, No Iterations 0

sidual = 1.17837e-05, No Iterations 1
sidual = 5.55443e-06, No Iterations 1
sidual 8.11744e-06, No Iterations 1
esidual = 5.89658e-07, No Iterations 1
esidual 7.20431e-07, No Iterations 1
residual 3.75509e-07, No Iterations 1

esidual = 7.22803e-06, No Iterations ©

esidual = 1.33675e-08, No Iterations 1

ield, Foam::volMesh> > Foam::radiation::

in file submodels/absorptionEmissionModel/vaporGreyMeanAbsorptionEmission/vaporGreyMeanAbsorptionEmission.

C at line 343

Qdot field not found in mesh

DILUPBi1CGSta

Solving for hau,

--> FOAM Warning

From virtual Foam:
vaporGreyMeanAbsorptionEmission:

Initial residual =

:ECont(Foam:

0.00354425,

Final

:tmp<Foam: :GeometricField<double, Foam::fvPatchF
:label) const

residual = 8.30977e-07, No Iterations 1

ield, Foam::volMesh> > Foam adiation::

in file submodels/absorptionEmissionModel/vaporGreyMeanAbsorptionEmission/vaporGreyMeanAbsorptionEmissi

C at line 343

Qdot field not found in mesh
Solving for ha,

DILUPBi1CGStab:

DICPCG: Solving for p, Initial residual
DICPCG: Solving for p, Initial residual

diagonal: Solving for rho,

time step continuit

PIMPLE: iteratio
DILUPBlCGSTaD:
DILUPBiCGStab:
DILUPBiCGStab:
DILUPBiCGStab:
DILUPBiCGStab:
DILUPBiCGStab:
StCorr = 1
Max St-Courant N
DILUPBiCGStab:
min(b) = 3.09928
DILUPBiCGStab:
max(Xi) = 7.0271
max(XiEq) = 39.6
Combustion progr
--> FOAM Warning
From virtual

n 2
e
SolW

Solving
Solving
Solving
Solving

umber =
Solving
e-06
Solving
4

784

errors

for
for
for
for
for
for

Initial residual = 0,
sum local =

Ux,
uy,
uz,
£t}
wv,
n2,

Initial

Initial
Initial
Initial
Initial
Initial
Initial

0.0194186

for

for

b,

Xi,

Initial

Initial

ess = 0.000222346%

Foam: : tmp<Foam:

vaporGreyMeanAbsorptionEmission
in file submodels/absorptionEmissionModel/vaporGreyMeanAbsorptionEmission/vaporGreyMeanAbsorptionEmission.

C at line 343

Qdot field not found in mesh
Solving for hau,

DILUPBiCGStab:
--> FOAM Warning
From virtual

Foam: : tmp<Foam:

vaporGreyMeanAbsorptionEmission
in file submodels/absorptionEmissionModel/vaporGreyMeanAbsorptionE

C at line 343

Qdot field not found in mesh

DILUPBiCGStab:

DICPCG: Solving for p, Initial residual =

Solving for ha,
DICPCG: Solving for p, Initial residual = 0.0130602, Final re

gonal: Solving for rho,
. step continuity errors

smoothSolver: Solving for omega,
smoothSolver: Solving for k,

ExecutionTime =

Courant Number m
deltaT = 5e-05
Time = 0.00135

16.04 s

ean: 1.33829e-05 max:

:GeometricField<double, Foam:

residual =

0.00282378,

Final r

= 0.0319295, Final residual =

= 8.77902e-05,

residual
residual
residual
residual
residual
residual

resid =

Final
6.18211e-

12, global

.0110105,
.00876576,
.0103703,

.000238275,
.000536102,
.69512e-05,
residual = 8.85391e-06,

0.000575016,

Cont(Foam: :label) const

= 8.2634

Final re
Final r
Final re
Final
Final
Final

Final r

Final

:fvPatchF

Initial residual = 0.000650167, Final

:GeometricField<double, Foam:

Cont(Foam: :label) const

Initial

residual =

5.60853e-05,

0.00108479,

:fvPatchF

Final r
sidual =

Initial residual = @, Final residual = 0o,

sum local =
Initial

ClockTime = 17

9}

= 17,

S

0.0434063

2.24024e-
residual = 0.00347668, Final
Initial residual = 0.00282802,

10, qlobal

- zlé -

= 7.1486

esidual = 5.13239e-07, No Iterations 1
8.97777e-05, No Iterations 1

Final residual = 2.75798e-08, No Iterations 2
residual = @, No Iterations ©

3e-13, cumulative = 6.45675e-11

sidual = 4.09814e-06, No Iterations 1
esidual 1.8999e-06, No Iterations 1
sidual = 75393e-06, No Iterations 1
residual 5.99978e-09, No Iterations 1
residual 1.0918e-08, No Iterations 1
residual = 3.14296e-09, No Iterations 1
esidual = 8.85391e-06, No Iterations ©

residual = 4.50767e-09, No Iterations 1

ield, Foam::volMesh> > Foam::radiation

residual = 4.0106e-08, No Iterations 1

ield, Foam::volMesh> > Foam::radiation

mission/vaporGreyMeanAbsorptionEmission.

esidual = 1.1664e-07, No Iterations 1
5.74877e-05, No Iterations 1

Final residual = 9.64354e-07, No Iterations 1

No Iterations ©
4e-11, cumulative = 1.36054e-10
residual = 3.76304e-06, No Iterations 1

Final residual = 8.39213e-06, No Iterations 1

radXiFoam {4 =S olH
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M 4%kt 20| radXiFoam Z =2 SRI Test 4-020f Cist siAlg

ol ol A AH SRl eiCt.

OII

5-1. postProcessing C|2l E2|

2 HoM= “caseffsystemftcontrolDict” mF 2| functionsolAl XAt =52 XA
of adul 2% Ho|E7F MAME ClHlER| XF O W20 CHshA MHadstaXF shot,

5-1-1. CIEE2| 2[X]

oA Y=t 2= folgel p, T utedo|l MdE X2 I8 40t ZO|
C

“casetfpostProcessing” SH#2| sensorP, sensorT C|2E E2| LfF0|C}.

2.2 TB Volume radXiFoam ~

0 Recent radXiFoam 0

e B N B IR

{;f Home 0 0.orig constant | postProces system case.foam
sing

) Desktop

[ 2.27BVvolume radXiFoam rostProcessing -

7U) Recent

# Starred

sensorT

B youNus Case-1 postProcessing sensorP ¥

O Recent

% Starred 0

{3} Home

radXiFoam postPiocessing sensorP 0.001 =

1) Recent —

+# Starred

3 18. controlDictel functionsoll 2|si A=l postProcessing CI E2|
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5-1-2. O|o[&f W&

2 dloly mel p’ & EA HEIIE LolEH I8 192t Zo| LiEtLbn,
“controlDict” 2| functionsOllM probe ®IAIE X|™et T=AMol| w2l probe HIZI}
‘0" £ Foixlod, “2ielHS 97 ZEo| ™A probe’t HETA 2 &HECH I of
gf =ol= XY “time” O] E3&[0{, "EielHS 117 FH = time, pressure H[O|E
7t probe S offollM Z+zk ZHECE 0{7|M, A|ZE2  “controlDict” OflAl XM E
write intervalol 2|siA ZE=H=o{ o= [s] olct. 2 Ao (absolute
pressure)O|1l THel&= [Pa] OICt. OO J7|2 FLUAILD sfiAzdn EMoM= AO[X|
=4l ot (overpressure) Bt [kPa] tHlE FZE2 ALSTiCt mf2fA 2 243 OlO|HE A}
25| Al [kPa] THele|l Tt Oz =z O F= E}Olﬁ Z233  “overPressurePlot.py”
S JLsIE D, O aA Y82 B= 30 LiEN} QCt.

[}
14# Probe 0 (1.01 0 0.01)
2 # Probe 1 (6.15 0.95 0.01)
3 # Probe 2 (9.2 0 0.01)
4 # Probe 3 (11.19 0 1)
5 # Probe 4 (11.2 0 2.01)
6 # Probe 5 (13.3 0 0.01)
7 # Probe 6 (17.1 0 0.01)
8 # Probe 7 (27.1 6 1.01)
9# Probe 0 i1 2 3 4 5 6 7
10 # Time
11 0.0001 101325 98322.8 101325 101325 101325 101325 101325 101325
12 0.0002 101325 98736.5 101325 101325 101325 101325 101325 101325
13 0.0003 101325 100272 101325 101325 101325 101325 101325 101325
14 0.0004 101325 102841 101325 101325 101325 101325 101325 101325
15 0.0005 101325 104845 101325 101325 101325 101325 101325 101325
16 0.0006 101325 105158 101325 101325 101325 101325 101325 101325
17 0.0007 101325 104015 101325 101325 101325 101325 101325 101325
18 0.0008 101325 102259 101325 101325 101325 101325 101325 101325
19 0.0009 101325 100725 101325 101325 101325 101325 101325 101325
20 0.001 101325 99775.5 101325 101325 101325 101325 101325 101325
21 0.0011 101325 99342.1 101325 101325 101325 101325 101325 101325
22 0.0012 101325 99272.7 101325 101325 101325 101325 101325 101325
23 0.0013 101325 99426 101325 101325 101325 101325 101325 101325
24 0.0014 101325 99640.3 101325 101325 101325 101325 101325 101325
25 0.0015 101325 99791.4 101325 101325 101325 101325 101325 101325
26 0.0016 101325 99842.7 101325 101325 101325 101325 101325 101325
27 0.0017 101325 99833 101325 101325 101325 101325 101325 101325
28 0.0018 101325 99839.2 101325 101325 101325 101325 101325 101325
29 0.0019 101325 99985.7 101325 101325 101325 101325 101325 101325
30 0.002 101325 100325 101325 101325 101325 101325 101325 101325
31 0.0021 101325 100881 101325 101325 101325 101325 101325 101325
32 0.0022 101325 101636 101325 101325 101325 101325 101325 101325
33 0.0023 101325 102525 101325 101325 101325 101325 101325 101325
34 0.0024 101325 103446 101325 101325 101325 101325 101325 101325
35 0.0025 101325 104289 101325 101325 101325 101325 101325 101325
36 0.0026 101325 104929 101325 101325 101325 101325 101325 101325
37 0.0027 101325 105299 101325 101325 101325 101325 101325 101325
38 0.0028 101325 105375 101325 101325 101325 101325 101325 101325
39 0.0029 101325 105178 101325 101325 101325 101325 101325 101325
40 0.003 101325 104764 101325 101325 101325 101325 101325 101325

O 19, ZFAE ¢4 Hol md WE

5-2. ParaView Al 7IA|SF g

Mo|lnfd oz ZFIME radXiFoame|l sHAMZXf= “caseffsystemffcontrolDict” olAl X|H
= “writelnterval” ol 2lsHA MM= 0921 time directory 2t 2+t MZ&=ICct =2 A
M= 1 sHMZIE X ZE 2AMe = U= ParaView 2ZEo{[21]2 ALSH
5

MHSI DA} Stot. ParaViews M1ZO|AM  MAEeh OpenFOAM-v2112 A X[IHH el Sifel

ﬂJlO

ThirdParty-v2112.tgz Tt s AEFslA et & Tl S= 2HAAM AX| = HLE, 2Hek O] 1}
Ho| MAXMOoZ O|R0{X|X| 22D ParaView ZHO|X[[22]0lM  “binary A’ £
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7-2. alphaBetaCalc.py

# Order: H2, 02, N2, H20
H2 _vf = float(input("H2 volume fraction: "))
H20_vf = float(input("H20 volume fraction: "))
O2_vf = (1-(H2_vf+H20_vf))*0.21
N2_vf = (1-(H2_vf+H20_vf))*0.79
mm = [2, 32, 28, 1§]
vf = [H2_vf, O2_vf, N2_vf, H20_vf]
mf = []
mTot = 0
for i in range(4):
mTot = mTot + (mm[i] * vf[i])
for i in range(4):
mf.append((mmli] * vf[i]) / mTot)
H2_ratio = mf[0] / mf[1]
H2_eq_ratio = H2 ratio / 0.125 # 0.125 = stoichiometry H2/O2 mass ratio
H2 alpha = 218 - (0.8 * (H2_eq_ratio - 1))
H2 beta = -0.16 + 0.22 * (H2 eq_ratio - 1)
print(" )
print("H2 mass fraction: ", mf[0])
print("H20 mass fraction: ", mf[3])
print("N2 mass fraction: ", mf[2])

print("H2 alpha: ", H2_alpha)
print("H2 beta: ", H2_beta)

' )

(
(
(
print("equivalence ratio: ", H2_eq_ratio)
(
(
(

print
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7-3. overPressurePlot.py

# Import modules
import pandas as pd

import matplotlib.pyplot as plt

# Convert original file to dataframe

df orig = pd.read_csv('p’)

df temp = df orig[9:]

cols = list(df_temp.columns)

df _temp.rename(columns = {cols[0]:"text’}, inplace = True)

df temp2 = pd.DataFrame(df _temp.text.str.split("\s+’,9).tolist(), columns = ['Null’, "Time’, "Probe (',
"Probe 1/, 'Probe 2, 'Probe 3’, "Probe 4’, 'Probe 5, 'Probe ¢, 'Probe 7'])

df temp3 = df temp2.loc[:,[Time’, 'Probe (', 'Probe 1’, 'Probe 2, 'Probe 3’, 'Probe 4', 'Probe %',
"Probe 6’, 'Probe 7']]

df temp3 = df temp3.astype('float’)

df abs_pres = df temp3.loc[;,['Probe (/, "Probe 1, 'Probe 2’, "'Probe 3’, ‘Probe 4, 'Probe &, 'Probe
6, 'Probe 7]

# Convert absolute pressure dataframe to gauge pressure dataframe

df gauge pres = (df _abs_pres - 101325)/1000

df time = df temp3.loc[:, [Time’]]

df final = df timejoin(df_gauge_ pres)

# Export xlsx file
with pd.ExcelWriter("p_modified.xIsx") as writer:

df_final.to_excel(writer)

# Export graph (.png) files

for i in range(8):
df _final.plot(x="Time’, y="Probe {}".format(i))
plt.xlabel("Time [s]’)
plt.ylabel('Overpressure [kPa]’)
plt.ylim(-8.0,8.0)
plt.grid(True, linestyle="--")
plt.savefig('Probe_{}.png’.format(i))

_60_



7-4. radXiFoam v2.0 AdX|ghH

O 23 tEuds 21 HadE A& g1E F of 17 13 o] Haddith
1. Terminal 23 ¥, OpenFOAM-v2112 $+3478E BEol A9 (ofv2112).
2. SRC 249 Y golHgie] € & ZGZ o) (Hrd Foll od “ZU9” 949).
3. wmake 4% ¥ 43,

4. SRC &9 W E& ZrollA 2, 3 ¥HE (B, radXiFoam> 71 Uzl AL afofgh.

radXiFoam-v2.0

L— spc
laminarFlameSpeed
radiation
radXiFoam
reactionThermo

hskang@hp: ~/OpenFOAMhskang-v2112/radXiFoam_v2.0/radXiFoam-v2.0-0K-240815 rad XIF...

File Edit View

-L/home fhskang /OpenFOAM /OpenFOAM-v2112/platforms/

-0 fhome /hs OpenFOAM /OpenF
odels

radiation

lume -1fileFormats -lsurfMesh -lmeshTools -lcompressibleTransportM
odels -1fluidThermophysicalModels -1s -lsolidThermo -1SLGThermo -Llthermophy
sicalProperties -ldistributed -0 fhome ang/OpenFOAM {OpenFOAM -v Z/plattorms
/1inux64GccDPIn opt/lib/libradiationModels.so
hskang@hp:~/0pe \/hskang-v2112/radXiF ¥

-1finiteVolume -lcompressibleTransportModels -1fluidThermophysicalModels -1s
-lsolidspecie -lthermophysicalProperties -o fhomefhskanq'uanFUAHaupenFDA

-1finiteVolume -1fvOptions -lmeshTools -lsampling -lengine -lturbulenceModel
-lcompressibleTurbulen odels -lcompressibleTransportModels -1fluidThermophys
a lreactionThermophysicalModels -lradiationModels -lspecie -llaminarFl

- 61 -



Al

AMEZEA| CAD 24l AXIRHZ J|H

0g
ook

7-5. HSL =288 4 2

O E rFdolr= 95 Health and Safety Laboratory(HSL)olA 8% 454 =y Ag4
A(Mock-Up Facility)oll A 83 o357 FLEAH[1]e i4stk7] #elA blockMesh Utility
Software2 X413t A= d[2]S CAD W49l SALOME Z21#[3|o2 AAsh= WEe A3
staiat gtk HSLO| sasda B8 AJFAE 19 13 2L, o] AAE Rodte A4ARD
< blockMesh= AAE 21> 117 20 Uehy ok 1 AARL S $4-37] EF7IAE 1A
gk Tent BFEFe] F dispenser Ato] FHA A U= A7|2=0ta AAAHS 7o E 1/2 A

z710] g5 o] BAH A

T

a4 1. 9= HSLY Fadda 23 A4

Barrier, dispenser, vehicle. and bottom : Back
‘Wall Condetion Symmetry Condition

27 m

Upper. left, front, right :
Symmictry Condition

U {dispenser)
x:0%m
yrlhm
z:2lm

0 (vehicle)
%:225m <
¥:l,7m
zilbm

1% 2. BlockMesh Utility Software® A3 Axjrdl

_62_



L 3% 44
G4 A AL Aol olFolAt AL AAFY) Asl TRET2AA, AT, FEH)3
Aol ol ojAE UL TP ASVA FUL A% BT F AA H5RA JGoIH T
go| A3k AHG At Aol o olAE Fo| Fg B Aotk

= A4

3 A

N
bl

1» w

—~~
—
~

T3& A7) 913 SALOMES A3t & 19 39 D3 #o] “Shaper” & Aot 23+
xy BHol| AAEE AAgste z WFOE 5o AL Zlolth. “Shaper” W wlvrolA @ 2ol
“Sketch” & A€ g}

o e | ) EXECULE Shaper @ Sketch
s Ll e g B L T W nn ok Mfedos [y
d B B 5 - - e m & @ T W = F 3 = o= @ & ® & B & F n # I & : B
& W B A8 8 CgF w#F P e EE = W i B e M 88 BE EE QR P
& 4 ¥ . b F 8 = & & 8 - - ' g B H & W
L =
s ] ] BN - - = A B A P $ & F R D008 3P 5 RN a TGN

13 3. Shaper % Sketch 23 3}d

“Sketch'® AYH ol ol AN AYA Woksfs HuOL A Y 49 Lol H2
W] “construction” o4 HE)sHAG 3D £9 St e % gtk ef7]4E XOY BEE A
gtk
e [ e
.
/

\

1% 4. Sketch 29SS ag HH AE uby

_63_



7} :rLi% B2,

HAE AR S T8a Axde BF AYske ety 18 59 O 2ol =
’d‘i—’ié‘}@] HH ol AAAE-E 2tk 283 @9 “Length”E Aelste] A4S 213 + W
o] ZAolE A3t @9 “Parallel”S A st} x W Ee vy WS HEd § xF Ev yF
I By AkEdE AP @O “Vertical distance”E A sl Yoz e o] 2y TF) 7
25 B3tk ©9 “Horizontal distance” & M85t YHOEREH Y +H(x ¥ AGE 3l
04O~ © 9 e 7%74“4 BRI AE AR ] W] Wo] 2FA o HIH, o]Ze T}

£

Gl
BE Aofxdo] AYHAT< ou|gith Aefzdo] BT Ao TIF 63 o] dE wyrol
N 254V 5AE AP 2ANE s

_ 1! Rectangle
T e - E
& Length
P T i . s hw & T D
(@ Parallel

@ Vertical distance

& Horizontal distance

» PR R = - A A F ST DI NEEE e EEL e e AR B

12 5. SALOMEA ZA}zEe S A sl WY

Sketch Sketch done
? [v] x
Sketcher plane

[] Reversed [v] visible

Set plane view

[v] Show geometrical constraints
[] Show dimensional constraints
] Show existing expressions
[[] show free points

[w] Automatic constraints

Change sketch plane
Sketch is fully fixed (DoF = 0)

1aining Doks

1% 6. Sketch 2y <% 3pd

_64_



il

3D E=RgolA et 1 H ASHA FHe o

I 13 82 M3 #°] “Extrusion

9]

7=
=

hiy

sttt 29 79 O 2] “Face

& oF

o2 W A4

E]_]:

st R 2AAE 7]

”o
=

& 43P 9

EETPY

ch=lng

2347} 4

A2 A5HA Fge o

|

Object trowner

plalmaicc kly »2are

2

1"

=
o
=
)
=L
7]
E
A
3]
L
U
5]
®

Face

19 7. Face A4

it

(@ Extrusion

o

P A APPSR rovOO

o[B8

a

rmamac

Face_1

@ Select *

_65_



) FE2E B

@ A% - )

AR mEA Ae(Vehicle) & AE, $44, IR o202 k. WA F uiAE WM Aol
(1) tzAAe) o] 2ANE Eal AZEL AN o] wFlel A9 y BFo ¥ v}
ol7] W] oMol xz HANA y BFOE Sol= PAoE AHT Aolth WA xz HY
of AZte 2AXNE AR 1 AT By = 0ol Aol AR olF ()7 ol B
o QST Asks AR olBAAE BT We oFAIY & 1 99 DF ol

“Translation”-& A& 8}3L “Main objects” 14 @2+ &Zo] Wa AHT He Aty 1 H 19 10
7} o] Wk WE OYE A9t o]58 AYE §
THExtrusion).

(D Translation

& LD » [y
Fle i Jew bmpest wi Soeth Congugiion feld frewthes Tesiows Maoos Joos Wiedow (el
d & Hl 5z -+ Aee B e PO e ¥ 395 0= = 3 u'.‘.-m‘-'.:.'l
* . 1

& % B B B A T v P FP & 4 = @ & W i 8 & 8 A 8 5 B M B R ©
& € ¥ b g 0 @ @ a8 L g - v b M osE W
L AT LB
eturd] = w Rhm e Dk AR R P & & F IO S IO > mm

2 Select “Face_2_1"

Vi it LI

b aks

19 9. Face A 2 o]

_66_



Select “OY”

1% 10. Transition 23] WH

B A7 mddAE 0 RES il dsd Aedaw Hoe ¢ F uAE w2 4o
omg y o Ege Fuol w7t F ) Yolok AT IA A o)%F e ST
n} H

#E “Linear copy” 71

v i 18 Linear copy
e L e Tpion . Pt Rl Comiciion ulll Mesbery fpdews Glsros Dol Yinde tisk
d =W D~ = B A e = &y P B = ¥ 33 =w=4d8 0885 5 cr .. & o B e
R ]
A wn A BA @ A F e e R sy A B 8N Aed BN EE D P
0ty w80 W e N ®F L G " e % c BEH »B Y

219 11. Linear copy HE $%

_67_



) 2=F - BA

S e A AT IR E xz RO B A BAE 2AXG $y HIFOE Sole
Ao 2 PAS AT Aolth AMEshE 7ee okl I® 129 Zo] A UE “Sketch”, “Face”,
“Translation”, “Extrusion” ©]t}.

Iy 12, Z= 2A A A

_68_



Hol| ~A % 2

3

Dy

ANAZ 298 1338 2] xz

1), (2 vt

@ Sketch

(@ Face. translation

A7

3r
7o

<

A

Al

< 19 149 2

3
pil

g 44

& %

(@ Sketch

@) Face, Extrusion

_69_



v & Part_1
B3 parameters (0)
v [ Constructions (3)
& Sketch_1
% Sketch 2
¥ # Sketch_3
v [ Results (4)
< dispenserBase
& dispenser
v 3 wheel
£ wheel_1
wheel_2

* = engineAndVehicle
T 15, AR el ofF AA

+ YAE W3 (barrier) & F Al FHoNA Eeldte AYS Frh BEHE vzl AL A3
FAg g A4sd ) gas ZefEo] flofof st o] e Fzoty 1d 169 O
2ol Splite AEste] @9 2] “Main objects” 94 “mainDomain” & A &]3}3L “Tool objects” ol 4]
“barrier’ & ety TLEal Y2l A Fde F AR oA ALdse Ade v o
A split’ e e, “Cut” e ol&dloF sheHl, L ol Tz Apge] uiR &3k
CFD Ato] o]Fofx= & &Zto] ofyr] wWEela, webA s Fx=52] o ZAUST
Ak @l dopglojof gt 17 179 O Zo] “Cut’s Agste] @92 Zo] “Main objects”

“mainDomain”-& ¥, @3 Z©°| “Tool objects”dll TE2EE< Ei A3zt

o}

L

E
-
o
4
a
-
o
]
Pait)
[

/ @ Tool objects



* SALOME 0.11.0 - [HRS_MockUp]

Bhe Edt Yeow Impecrion Pan Sketch Gtoameamassifddadioentives Foshawrs Macron
D MW o-ec- Ev= Cut PO
* &4 ® & 0 8 & © :_;'IE} 4 P 8 o F m
# ¢ b 200 @ 8 e s S G S &

Cfect brower x|

bt A pmEae o &

@3 Tool objects

Python Comole
20Ty uw
0.8 101
200 22251 625
0. BO000OOONMN0N001T

2

I% 17, At Fels FrRes Al9lshs 2

Az RS AT FF AAHYE 98 “Shaper” A e F4-S SALOMES] Wi Z= 311
“Geometry” 2 o] gAIACk gt} 19 187 Z©] “Export to GEOM” HE-S S35 “Shaper” ol A
AT BE o] “Geometry” = HAFET

v LAAEH] BETD - A L]

B G e beygeuns Pt Ughh Civemrion Pl Pevdiees Tammesy Mass [oo Wiaies Dy
U@ il =% 2+ phee sl@le a8 PR ¥ QPE =@ 528 B0C @S EXPQHWGEQM
e
& & W R OB BB TN P P E N T oE R # & T B 0SS 882 BN E R #E
g4 ¥ B S0 0888 800 = % m 8 o ¢ BB H e Y [t e ENL RS )

|
it
"
A
FF
j:t
o

Z1%) 18. Sharper®] 342 Geometry &

_7‘|_



2. Az S A% FF AAd

9 198 o] Wy violl A “Shaper” %=l A& “Geometry” & A& 3
— Switch to Geometry module
[ L Yeom wive lild  Part Shalih Cwwiie e Saliven  ladowre Miees Tooh fidliom  {hek
U Ml ==2 « Bohas ,-B.ul'nu"".:--p-oni-\.t"ti-- & £ ~
& WM A B & T & F F P B e @ E B - ¥ O 0 & & B89 B M EEN B S P
4 4 ¥ B @0 e 888 & ] » B 5 o Ul H s ¥ 4|
19 19. Geometry EEZE H3= A
7k AR @4 W BAH 8o
“Shaper” ol Al “Geometry” = HARSE g4-& T8 207} o] 8% F¥3te] “Create Group” < A
S LR
X O‘l"
: 0z
4 @ dispenserBase
x » M dispens: Rename F2
x » B dispesn
. y B vehi Delete Del
) vehicleC 2
" > ‘vehiclecm Create Group.
& > B barierC: Conceal child items
& » @ vehicleC :
2 > B vehicleC g oo
e > @ vehicleC Color
" » @ dispensi Point Marker
i > @ barierCi
Texture
a > @ dispens
E > @ dispens Auto Color
x > B i
: .vei‘m:l-ec # Hide
x j wheelCy
x > @ wheelCu @ Show Only
: > @ vehicleC Show Only Children
I i -rr!-!inDc- Unpublish
man
* dispe Sort children
: - Show dependency tree
vehic
* viehic Reduce study
: Darms Refresh F5
vehi
* vehic Expand All
* verhic
* ditoe Find Ctrl+F
* barrierCutZ1
a9 20. Face 137 A4 14
A WIS AR AR . 119 219 OF o] W Y RER e & Q9 o] FAH
of 4% olBL R 1elT @) HES 2YF F @9} 2ol Fauel e Be Y
dnk. 7eln Gk ol “AddE 2Yst, ©F 2ol “Apply’E 2YdTh 1Y 29} Lo e
A M E 2 FFE HHESith

_72_



A Sl A BLE-gharet
RS STags H = o

18 21. A AU (Boundary) A4 A

v @ mainDomain

& bcf_symmetry
® bcw_tentGround
#® bcw_radWalls

#® bcw_openBarrier

# bcw_open
1 22, AR A Y] 55

® & & & & & 8§

vV vV VvV vV vV VvV

U AAEY Ul

ZlgHA Ao g o] folxl AzE A feiAe FER= 4 APER AAE AYHE o

= AlEsted Fart ok oA AAR e, gl 9 AR 2 9 ZFFe 7 oA ol A
“radWalls”" = F&=ol d3) HAZ9 + FANE Y3t A FH84AE9 + FAE ¥
dsfste] WaH, H2adA g 2RE =4l HolAl vk 1 H ¥ 239 @3 2ol v uke
“Create a plane” 7|5 A€st & @9 20| “Point”’o] HHS AT Fx2E9 3 HE, @F &
°] “Vector”oll Ho| At aFe] WA #WE(OX, OY, OZ)& AEgith £ dAdAs 18 249}
2ol 1771¢] HH-& A8t

_73_



D i W R e o= &
LR A TR - T | ek MEGQGO BB

Sfuwl A e s FY BB EEd e FEAEFD D 1w & @ a
=0 o s 0 EFf% FER O AN  EPR BN E S YA
it 1 B CEl

xp Mawe = PR EDO O kY R AR PSS FR OO0 FEDSCEeED R

- - -
@ Select a point
direction vector —

dispenserCutX1
dispesnerCutX2
vehicleCutX1
vehicleCutX2
barrierCutX1
vehicleCutZ1
vehicleCutZ2
vehicleCutZ3
dispenserCutZ1
barrierCutZ1
dispenserCutY1
dispenserCutY?2
vehicleCutY1
wheelCutY1
wheelCutY2
vehicleCutY?2
'+ YcutVertex1
> domainCutY1
a9 24, AE Y 55

VWOV WV OV OV VYV VIV IV IV IV IV V VY

Az S fEl A ARG S ol &dte] ALk 9S Urel £ Aeolth Od 259 O 2
o] Wl Hke] “Partiion” 7]s= AHI F @9 Zo] “Objects”ol AL 49 IS, @F 2o
“Apply” HES &8 Uro] Fh

3
o
Q.
&
8
03:
2
o
o,
o
o
g
filo
>
2
ok
o

_74_



w i

R RN 1 LR
ol UE TR N & 0 =528
fEslAFE B PN Ei:ant aAsrsIs IHNSBRS

i SN B  EI J J H B S LB e R ML I S B AR B B I
:mm .'lil
| Mo I'--'F;l._'-_'ﬂﬂ'h_::rFJJi#.'Plﬂﬂ..l.ht‘il‘lh

\ W Patdan OF Digan® Wil Tl ? "

[ e it e i . nhage YR e
o] ck rets o e BF et mubi -

g A Ry - L

% 25. Geometry RE9] Partition 7]s 2™

ARt G99 F4<S “Partition” 7]5& °]&3dt] YA MEZL Il AT Az AEE I
ANM BAHES A BojsFolof 3tk e AHE Fde LBE 3t “Create Groups”E
Mgty O 5 OF 269 OF 2ol | AY g HES & @9} 2] “Geometrical parts of
the Second Shape” & AEgT}. @) 2] “Partition” 715 ©]&3l UF7] e FiolA o
We AEath @9 “Select Al'S 23T 59 “Add’E 2T F ©2] “Apply’S 2T,
o] IS Wl Mol FolA Aold Holl sl 25 st

v @ mainDomain
> |§ﬁ bew_barrier |

> #® bew_teftGround
> # bcw_radWalls
> # bcw_openBarrier
> ® bcw_open

6 6 8 B 8 B




o WHER ARG 9] 2il(Line) 1&5}

“Partition” 7]'5& o83 43S 177) WHOE he 21 ¥Ho .l
P Qe 2712 A2t A4 A5 AAstA Folditk olF dsixe 48] 7
e MEE Urolof gtk tElls| e AR dlAle] AA AN ¥ A
A x y, z 4749 WFL tixshs shte] Wl sigeks elE
o} “Partition” 7]5< ©]&3) WHORE Ur FA4E& 2LEF FYS T “Create Groups”E 4l
stok 9 279 O o] A AHe mEE WA & ®, , @9 Zo] }Rle Agdith o7]A
)19 o]5E HYE W WK, y, 2F U= MFQ 4 10, ) BASHE FTH: x1.32, y3 25,
72 16). & dAo| s I8 279 9&3} o] F 2079 3}01 < Aok}

2
>
{A

N

M
>
e d

O
i

£ o o o

_ M
\ [

i

o oot N e H2
rﬂ%ﬁoﬁi‘

!

@ Select a line
a9 27, A Aol AAH A A

3. 47 84

1% 289 i HiollA “Geometry” ¥-F°ll U+ “Mesh” &S ATk

Switch to Mesh module
Tis [ Vew el | A Wonpts o Wam i Pyl (L1
& B & e R ﬂm‘r1h-=..‘--—i
4 4 4 44 0B B A ML v O B ESO® "R Y PO00 MDD BEESE FPEVI
 k B O kB SN &% FAFOM B P E AN S B NaE B B

19 28, Mesh REZ A3 14
7} 5 AZHMain Mesh) A4

a9 299 O o] vl HpollAl “Create a mesh”& AEgTh @9} o] “Geometry” EEIA
< gt 17 302 3D, 2D, 1D Ax A4 daeES AR A S vEhith
D ¢ag]Fel “Hexahedron(i,j,k)”E, “Hypothesis”ol “<Default>"& €ttt 4% 1D, 2D 4
£ 7|9e 2 3D AAE §HA AAE YAde A vehdth

Y
2 d
2 rsﬂ

N @

_76_



L. B AZKSub-mesh) 2343

I 313 o] o Ae] “2, o, oA A3t HEES] 134 F A Sub-mesh)E T33HTE o
@2} #o] “Add. Hypothesis”ll “Propagation of Node Distribution on Opposite Edges”E A1
Folof gtk o] gL F A} %AHL BT HePdh W] B9l RE HNRS T B Az
o} mgo] UFEE SAolTh wet 1349 B AAE 5 0H0R i Aojehd @03 gol, A
o] Wojuyh= kel wEh(dl: YoM xWEFOE 1 m) AR A7} FolAAY AAA A
At 3-@9 o] dshd k. 3-29 “Scale Factor”= 3 WAl Az} din] vpx|e; Axke] F
715 Yerdith

mlm

4>

(D Create a mesh

T 2 a 2 PO n T O = = @
E&-ﬁ#‘ adas ¥ e/ vd o odsH e

R D e WS AFTOAM RN P ey AR e

2 * M P RRE L P2 P AR PFPH+ & w1

a¥ 29, F AR -1

% 30, AxF -2

_77_



(L Select a mesh

% Crenate a Sub-mesh

.]_:__|.....~..
PE BREE A48
" re

K ¥

A Select aline

oY 3L % A A

°F 2 Py

XE

o A% 44

o H
B A4 YOS REF F A4 Y olQol Axe] A A F5 Aok Wk B A A
Aol A 57k 30008 7| o2 Ho} 1 Ao RE AAe] B e £ Atk 17 329}

22 AARZ AR A A F5 AAY 5 Atk AAS v T A%
“Compute” & AEstA Azt AT ol 17 333 o] AA ¢
T AUTh o] B¢ THA “Geometry” REE Fop/} “2-tf & o] 117 340 ey = tlE 4
A7 A7 GG Yrlshs S ZF Adgdth o] Al “Mesh” B2 Eofe} s HAES0
g 2 AAE F712 P43 5 04 “Compute” S 233t

l"l) | Peeierances [ 1

TR 32, Axke] Hd) Al ¢ 4

_78_



Hw s FEe s TS R

U oeE R W
B A T, ST FFT s BEROGS B
&% )l AFFo0 FY A0 MEEL e dA XD & & @@
o= o /i EE W BI8® 4w A BE® R BUANAR FITFSFAEETE
i T B .
e Hw PEEE © 3 & #FEAF RS F R DR RS eSS EE A RS
[ P 0y ¥ ¥ i

19 34

D

i B

Trors " mw

[u S NI S S R

it v i
o

e i

AR} 957 AAES Y3t Geometry BEANAY F71 g aE Ao

_79_



2. A/49 AAE OpenFOAM #1418 AxZ F& U4

AxE FE87] A AFE A2 “Groups of Edges”Woll Hojd HES E5F ApAlsfFoiof it
1 ol $ET OpenFOAMS] “ideasUnvToFoam” FEEEIE AME W &3 UNV o) A
o] AR A= JJod QFIF WAy wizolth. 17 359 T AAe] EAske HES B
T AMA g,

v Groups of Ed
& xl_32
a %2 15
%3 6
“ x4 B
+ 45 9
« xb_226
syl 25
s y2_20
# w3 25
“ oyl 2
& w5 30

W

“ yb_2

# y7_34

« y8 200

w21 B

4 22 16
317

o - 24 10

ol - 2538

bl - 26 216

Bl « x7_15_betweenWheels

519 35. A4 Aol 2el 1w

WOW W W WV VOV Y VY VY VYV VY VY VYV VY

AR F=2 fstd AHE AAE LE8E FYT F 1§ 363 20| Export-UNV Files Mg gk
FZ¢ Y-S OpenFOAM AAE v F7] 913 OpenFOAM case ZTIE UNV HY-& EALgH:
383 case EUIoA EHHE-S A33td OpenFOAM-v2112 4GS 93 HHE YHS &

“ideasUnvFoam IdH.unv’E EHHE Fo €3t UNV Y-S OpenFOAM AR H3HHCL
A gho] S5 I9 373 22 WAIATE SEEnh oju] 17 3794 EE AAMO| patch®
Ao, Add TR AAMOE S vt Atk 19 399 o] “constant/boundary”
tds A wAEE ok

B

= ¢E3 Fof Bjuld FolA “checkMesh”E st 19 407 o] A A7

Wy

dob ol
B

ol
kol
o ol
o

_80_



: ¥ & i B
v b
. 8 che !
= "N
. A i i
& 0 T
o, i 8
By
oy B Cisabs
oy L "
&y %
. a@ i ¥
. a b [l
'y -
& 3 & Lpdai
L 1 B A
®
- B fepsi
B
"
® tpr i . 5,
& rali A
=

a9 36. BT AAE UNV 3= Export obe 373

% ddeaslnvToFoanm =& ain_wver

af 2ize:

713 38. OpenFOAM &A1& A o5 WAl % 3hH

_8’]_



modification After maodification

Z19 39. Boundary 3o AAH T+

constant

Kusber of regions

patch topalog

checkMesh @0 243} s}




7-6. OF-Interface T2 Al24HH

O OpenFOAM<- d14-& 93l dE3llof 3t= HFES A HA7|(Text Editor)E AME3lA 244
ok stH, I dHWeSe 54 A Ao "gdEgz a1FsHo]l ok wbA
radXiFoam ZEX ©]g] 7] W&o A8 CFD FEo] <3 AL
e old W wig- EEES w2 5 9, % 2 HAgoM = Aot & dE A
ot A SANAE Microsoft Excel AR 7155 713 g5 AZYEANE T2 739
LibreOffice Calcoll4] OpenFOAM 483U AT + U+ OF-Interfaces 7|33t

o

S

>

ofo

oL

tlo

.

ofo

ol

ol

£

N

mﬂ:

jﬂ, @ i
_IE >£ =-=

O OF-Interface A& =

1. A139 OF-Interface #4942 d¥ 13 13 22 2ZYTAE 30| Yepdth o] 32 D9
47 Sheet® TAE o] i, Main SheetE A& YA Al 7| A|E+= radXiFoam case®] %7]
ZdAZ71(0), E/3 A (constant), Al4xHAIO(system) THEZE YEPATE @ol|A] radXiFoam caseE A
AL A2E 498 + i, @< 23] radXiFoam caseE 44T = 3o

_4

‘1

OF-lnterface w0 Rewdl _HWAE_MocklUp Cavel.odt - LibreQftice Calc

E-B-EH-d98 « 20 A4 el B [REP TEOD 1= e

¥ * .
e r@ea A-E-EEES ‘%o St mE H-F-Q-
* | & T = Catedirectony path - "

N I_l r | . & i I} K L kA (']
Tt Fkang FOpenFOAM Frekangw2 1 L2 runHE_CreateinpalFies et ?l

h
3

4 Create ditectories and MMes

[

u @ |
B M. - - .

I.-|I-| FH +|_J.l|- c 1 il I i
sk I od 1 : Paga ity _Mao

BB

F o

=+

Engdnd (%A =

2 1. OF—Interface 2292 Main Sheet 3}H

2. 1% 29| 0 SheetollA] “AI37%, A2A"o] 7|ed 27] ¥ AARAS 449 + ok O =9
F Ot AAYE olF, @2 AARY FFE Uehdth 28 T As F
/ AAste] AAZRAS AYE & Aok weF @9 HES YIS W Java runtime environment

F7F 2T g5 WPoE HuldedM A7 Ak

sudo apt install default-jre

sudo apt install libreoffice-java-common

_83_



H-E-H- A8 « 2B A& QY E-I-Lleite B
W= e =11 - .aﬂi"i&_'-:!!:ﬂﬂza -E"%Mm

At | & I = Property

]
e S Ve
11, L
(g ms K kg-mol Acd) ‘ibl-inl}tll:ﬂ;
[Do not edit
Ao a0 g
& Beundary Fleld itype noSlip;
L type noshp;
8 Type noshp;

19 2. OF—Interface &2 139] 0 Sheet 3

3. 7138 39| constant Sheet= A|E+x radXiFoam case 2] constant =0 U EAXE YHst= AE
olth. dllE AES dHst= #AEY =8l v “A3A, A1 7leEHo] Ut

PRI - T T QY=g rmaT = gl |
W
RagAS-BFRAN FRED NS @R -0 3
Ny

St e [ ki 1 7 i -
= e e . =
=rerr e e e }
[ w B " '
I 4 e — =
il fociiaicnl auic 4 d
et e - |
n—iemd
- — Bt b b e e e et e
| o
; ki - 1 {
e e - - B e ks s s reairmsen —_—t r—
L 3 a n |
bl % b =
—_r LM - =
re—
— - i
R fr=— 1w
-
— -
A . T
E
I - [ L = - - ..,p\.':
"
w
b
i
L L i
[ — i l..-m'l"'"‘
! I B 1T
—
e B wTEmmmE .
T o [
= = el
) — B
— n ot

12 3. OF—Interface 21 9] constant Sheet 3}H

_84_



filo
jincd
15
ofr
ol

4. 1% 49 system Sheeti= radXiFoam case®] system U W A4E Aloje} #AE §
© MBIt g AlEC dFste @'l ovle “AI3E, A3d el ZleH Ut

FE-RCEE Ty LT T R
W
Bdg A" FRAR TRED YIS @E OEE

il |
i ,tl
Z-_ii
L‘
I

|

L]

oSy Fatr I - il
el Rt e hl.':lr.r'_r'::-n.:: =l ! . i
MW ferlssmsarees e P2 e E - - nng
T = Pyl = oy e .clm =1 R S
e e = £ rm—r—_ .
=1 sy Pep— = 1
o pr——— .........u...l-..-...\,... - brmamyrc oy -
- wEER  mam e rgaim e Eancton em i ——— =3
e s B
i B s i e = Jeu
2 ey = "
mq--u.-_'_.-..._ e m— -
P b 4 o e e e e Pt —

1% 4. OF—Interface 2139 system Sheet 3H

_85_



K-

H1Ao|C}.

=
=)

E

IAFY od FL7H 2ot

Of 2IAE AASMR RN A@EH A

1.

HIH)

A
=

2 (gh=of| L4 x| 7|

USSR

3. =27}

_86_



