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JNlabopaTtopHasa pab6ota NeO
Tema: YctaHoBka BlueCFD n SALOME, 3HakoMCTBO C KOMaHOHOW
CTpoKou Linux.
YacTb 1. [ns yCTaHOBKM BlueCFD 3angurte Ha

http://bluecfd.qgithub.io/Core/Downloads/ n ckayante nocnenHwo Bepcuto. B

xoge ycTaHoBkM, Takke ©Oyayt ycraHoBreHol Notepad u  Gnuplot,
Heobxoaumble ans paboTol.

[Mocne yctaHoBkn 3anyctute BlueCFD — Core terminal. Npu 3anycke
yepes Aprblk Ha pabodYem CTore MoryT BO3HWKaTb OLWMOKM, B TaKOM criyyae
ONs  npaBunbHOM paboTbl nporpamMmbl  HeobxoaMmMo  3anycTutb eé
cnegyoowmnm obpasom:

1. CospganTe nanky Ha gucke C: n Ha3oBUTE €€, UCMONb3Ys TOSTbKO Ldopbl
n naTnHckue Gyksbl, 63 NpobernoB (4ONYCTUM TOMBKO CUMBOS HUXHETO
npobena «_») (Hanpumep, C:/laba_1).

2. KnnkHyB No Hewn npaBomn KHOMKOW Mbllwu, BblibepuTte «Open in blueCFD-
Core terminaly».

3. BoinonHute komaHgoy icoFoam gna  npoBepku  MpaBUSTbHOCTU
yCTaHOBKM (npumevaHue: Bce komaHabl B OpenFOAM HauuHaoTtcsa C
ManeHbkon OyKBbl, OAHAKO Kaxgoe rnocrneaylliee CrnoBo B HasBaHUM
KOMaHAbl Ha4YMHaeTcs ¢ 6onbLuon ByKBbl).

4. 3anyctute naket ans susyanusauum ParaView ¢ NOMOLLbiO KOMaHAbl
paraFoam. Ecnu Bo3HMKaeT owmnbka un Bbl3oB ParaView HEBO3MOXEH,
HauauTe CaMOCTOATENbHO Ha KomnbkoTepe nakeT ParaView u
3anyctute ero. B Takom cnyvae aunbl 6ygetr Heobxogumo Ons
BU3yanusauum oTKpbiBaTb yXXe B nakeTe ParaView.

YacTtb 2. [Jna yctaHoBkn SALOME 3angute Ha https://www.salome-

platform.org/downloads/previous-versions/salome-v8.3.0#binaries-for-

windows. Cka4aeTcsi camopacnakoBbIBaOLWMNCA apXmB, NOCNe Yero HanguTte


http://bluecfd.github.io/Core/Downloads/
https://www.salome-platform.org/downloads/previous-versions/salome-v8.3.0#binaries-for-windows
https://www.salome-platform.org/downloads/previous-versions/salome-v8.3.0#binaries-for-windows
https://www.salome-platform.org/downloads/previous-versions/salome-v8.3.0#binaries-for-windows

B pacnakoBaBweunca nanke nanky WORK wu 3anyctmte B Hen doann
run_salome.bat.

Ecnu npu 3anycke BO3HWKHET OKHO C COOOLLUEeHMEM O HegocTaroLen
onbnnoteke, yctaHoBute BecnnaTtHbln pacnpocTpaHaembin nakeT Microsoft

Visual C++ 2010. CkayaTtb ero moxHo 3aecnb: http://dlltop.ru/soft/46-microsoft-

visual-c.

Yactb 3. OCHOBHbIE KOMaHAb! B Linux.

OcHoBHbIMUK KOMaHA4aMu aBnsTcs Is (oHa xe dir) u cd. YTobbl BbI3aBaTb
KomaHay, HyXHo BBecTM e€ B okHe BlueCFD — Core Terminal nocne
NPUMBETCTBEHHOrO cnmBona «$» 1 HaxaTb knasuwy Enter.

cd — cmeHa paboyen anpekTopun:

'cd' (6e3 apryMeHTOB) — MEHSIET ANPEKTOPUIO HA AOMALLHWIA KaTanor

'cd -' — nepexon B NpeabiayLLyo ANPEKTOPUIO U NeYaTb ee UMEHU.

'cd c:' — nepenTtn Ha aunck C.

'cd /laba_1' — nepentu B /laba_1 (B Linux ncrnonb3yeTtcss cuMBOn «/»).

'cd p' n HaxxaTue knasun « Tab» 6e3 HaxaTua «Enter» — nokasbiBaeT B
KOMaHOHOW CTpOKe nanky Ha OykBy «p», ecnu Takas nanka opHa, Ans
nocrenyLero nepexoaa B aTy ANMpeKToputo nocrne Haxatna «Enter». Ecnu
nanok Ha BykBYy «p» HecKornbko, TO OyayT BbiBeAeHbl Ha3BaHWA BCeEX Marok
Ha 3Ty OykBy B cnegytoulen ctpoke. BO3MOXHO Takke HanucaHue He OOHON
OyKkBbl, @ cpa3y HECKONbKMX, B TaKOM crnyyae OyayT BbiBeeHbl BCe nankw,
nMeroLmne MAEeHTUYHOEe Havarno, NMbo B KOMaHAHOW CTpoke ByaeT nokasaHa
eVHCTBEHHas narnka, uMmetoLlas Takoe Havarno.

'cd .." — BepHYTbCA B NpeabiayLLy0 OUPEKTOPUIO.

Is — BbIOAET CNNCOK COOAEPXKXNMMOro ANPEKTOPUMN:

'Is -a' — noApOBHLIN CNUCOK, BKIOYAst CKpbITble dpannbl (MMeHa KOTOpPbIX
Ha4YMHalTCA C TOYKM) (puc. 1).

'Is constant' — nokasbiBaeT coagepxxmmoe nankm «constant».


http://dlltop.ru/soft/46-microsoft-visual-c
http://dlltop.ru/soft/46-microsoft-visual-c

Beog ogHom unn Heckonbkux 6ykB nocre 'Is' paboTtaeT aHanornyHo

komaHge cd (cm. npumep 'cd p').

$1s -a

"$Recycle.Bin’ Drivers Microsoft "Program Files' TATIANA
. found. 000 MsoCache "Program Files (x86)° Users
.. hiberfil.sys  officel5client.microsoft.com ProgramData Windows
bootmgr Intel OFTut SALOME-8. 3. 0-WING4
BOOTNXT Tabal pagefile.sys swapfile.sys

lazarus PerfLogs "system Volume Information’

Puc. 1. MNMpumep 3agaHusa komaHgbl 'Is -a' B okHe BlueCFD — Core Terminal.

Eweé ogHa komaHaa — pwd — nokasbliBaeT TEKYLLYHO Narnky.

HaxaTne cTpenoyek BBepx-BHM3 Ha KnasBuatype nossonder
NPONNCTbIBaTb CANCOK KOMaHZ, (BBEPX — BEPHYTbCA K NpeablayLlen komaHae,
BHU3 — NepeunTu K cregyowen, ecnu 6ol OCyLLLECTBNEH BO3BpPAT).

C nomowpbio 9TUX KOMaHA nepenauTe B CBOK pabouyyko nanky u

NPOCMOTPUTE CMNCOK XPaHSILLMXCA B HEW hannos.



CamocTtosaTenbHan padota Ne0

Tema: 3HakoMcTBO ¢ nHTepdencom ParaView n SALOME.

ParaView — nakeT Ans Busyanusauumn pesynbTaToB N PaCYETHLIX CETOK,
nocrtasnseTcsa no ymondaHuo sMmecte ¢ OpenFOAM.

MeHio nporpammbl  BKMovaeT B cebs Habop cpeacts  ons
oTKpbITUS/coxpaHeHus dannos (File), oTMeHbl/noBTOopeHus genctems (Edit),
NepeknioyeHnss BUOMMOCTU pasfiMyHbiX nNaHenen wuHcTpymeHToB (View),
CO3aHNS NCTOYHUKOB AAHHbIX pasfiMyHbIX TUNoB (Sources) n uneTpoB AN
obpaboTkn paHHbIX (Filters), pgocTyna K paclMpPEHHbIM  (PYHKUMAM,
HanpuMmep, YNpasfeHU nnarMHaMmuM wnu  goctyny K obonodke AOns
HanncaHna cKpunToB Ha A3bike Python (Tools).

Cneantb 3a COCTOSIHMEM MpOrpamMMbl NO3BOSISIET AEePEBO UCCNenyeMbIX
obbekToB (Pipeline Browser), MeHATbL CBOMCTBA BbIOpaHHOro 00beKkTa MOXHO
B Gnoke Properties (puc. 2). HekoTopble M3 KHOMOK Ha NpubopHOM naHenu

AOCTYMNHbl B 3aBUCUMOCTHU OT TUNa Bbl6paHHOFO obbekTa, apyrmne OOCTYnNHbI

He3aBUCMMO OT Bbibopa obbekTa.
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Puc. 2. UnTepdenc ParaView.



3anyctute npumep disk out _ref (File-Open-Examples) n Haxmute
Apply. PesynbTar Bu3yanusaumm MOXeT OblTb npeacTtaBneH pasHbiMU

cnocobamu, BbIOpaTb KOTOpble MOXHO W3 pacKpbIBaOLLErocs Crucka

Surface

Ha npnbopHon naHenu. NonpobynTe BCe cnocobbl (puc. 3).

& o
s - e - HXadiiEdaic s BRAG
- oty

[ AN NTTETELIT 3 [l Rt @008 W

Points Wireframe Surface Surface with Volume
Edges

Puc. 3. OtobpaxeHne obbekTta B ParaView.

BbibpaTb oTobpakaemblii 3IEMEHT MOXHO C MOMOLLbIO BbiNafaloLLero

) solid Color

CrnckKa 7 , UTODObl 9NEeMEHT okasancsi B crnmcke Heobxoammo

YyCTaHOBUTb HAaNpPoTMB Hero cnaxok B 6roke Properties (puc. 4).



duneTtpom Clip (puc. 5).

Properties Information

Properties [ 4

Cre=

Search ... {use Esc to dear text) B3

= B ® 5 -

[=]variables

il Object lds
£ Global Element Ids

K Delete || 7

Apply Displacements

Displacement
Magnitude

Edge Blocks

Blocks Assemblies

| Blacks v
€ >

Materials

Puc. 4. bnok Properties.

Monyunte wnsobpaxeHne obbekta B paspese,

BOCIMOJ1b30BaBLUNCb

(puc. 6).

Puc. 5. NMpumeHeHne dpunbtpa Clip.
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Puc. 6. MNMpumeHeHune cdunbTpa Slice.

PunbTpbl ParaView Takke npefoctaBnAT AOCTYN K AONOMHUTENBHbBIM
cpeactBaMm  Bu3yanmsaumm  AaHHbIX.  [locTponTte rpaduk  M3MEHeHus
BENUYUHLI AaBNeHus BOOMNb NPOM3BOSbHO npoBenéHHon ocu (Filters — Data
Analysis — Plot Over Line) (puc.7), npegBaputenbHO BbibpaB B cnucke

cBouvcTB gasneHue (Pres).

S s EEEEEGEE

uuuu

Puc. 7. lNocTpoeHune rpadurka nameHeHus1 BENMMYMNHLI AaBneHUsa BOOSb

NPON3BOJIbLHO NPOBEAEHHON OCK.
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Ana noctpoeHus rpacpukoB unu Tabnuy B obnactu Budyanusaumm
MOXHO BbIAENATb KaK OTAeNbHbIE SSYENKN UK TOYKK, Tak U ux rpynnsl (Select
Cells Through, naHenb HaxoguTCcA Hag OKHOM Bu3yanusauum) (puc. 8).

['paduk cTtpontca ¢ nomoubto punbTpa Plot Data.

4 D3 RO 35 A
‘. :'\- IL-“I 0 l..‘ . d\::' 1‘\11’::' 'i \ ' ‘. bt @008 W

Puc. 8. BblageneHue rpynrbl S4eekx.

Bce ounbTpbl 4OCTYNHLI Takke B andaBuUTHOM nopsagke B MeHto Filters-
Alphabetical.

[na otobpaxeHnss 0O6BHEKTOB N BESNMYMH, MEHSIOLLMXCS BO BPEMEHU, B
ParaView npegycmoTpeHa BO3MOXHOCTb aHMMUPOBAHHOW BU3yanusaunu.
Otkponte npumep can (File-Open-Examples-can) un 3anyctute aHumaumio ¢
NOMOLLIbIO KHOMKK Play Ha naHenn MHCTPYMEHTOB.

SALOME - oTkpbITas uHTerpupyemasi nnatdgopma Ans YMCIEHHOro
mMogenupoBaHua. NpeacrtaBnaet cobon Habop npe- 1 NOCTNPOLECCHHra.

3anyck SALOME ocyuwectBnsieTcs crneayrowmm obpasom:

1. Hangute nanky, nmetowyo B HaszBaHuu cnoso SALOME (kak npasuno,

SALOME-8.3.0-WIN64), n 3angute B Hee.

2. Nanee 3angute B nanky Work.
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3. 3anyctute pann run_salome.bat

CospanTte HoBbIN hann n nepengute B moaynb Geometry, BbibpaB ero

13 BbliNagatoLlero cnucka . SALOME nmeeT BO MHOIOM CXOXWUW C
ParaView wuHTepenc (puc.9): obnactb Bu3yanusaumm C KHOMKaMu
yrnpaBneHms oTobpakeHMeM, pacrnofioKeHHOe crneBa OT Hero [AepesBo
0ObEeKTOB UM pacnofnioXeHHad Hag HUMMW  NaHefb  UHCTPYMEHTOB,

Ay6nvpytoLlas HeKOTopble MYHKTbl OCHOBHOIO MEHHO.

File Edit View Newintty Opesations Repai Inspecbon Took Window Help SALDME =

DX 0 eew-@eae P

D0V U NG LEL PROOiNe REBLE B@
SNt/ PN VO ERGLO FASING /L EEPY INRGTO
@ -

Object Browser &%

et PR A2 48P0 000O00> cAAAGIs @ HEELS %o

o
@ Geometry

VT ene:1 - viewer: 1

Puc. 9. UHTepdenc SALOME.

B naHHOM moayrne Bbl MOXETE co3aBaTb pasfinyHble reoMeTpuyeckmne
00beKTbl, KOMOMHMPOBATL U U3BMEHATL UX.

Mepengs B moaynb Mesh, Bbl cMoXxeTe co3gaTtb Ans BblbGpaHHOro
obbekTa pac4ETHYIO CETKY C TpebyeMbiMM napameTpamu U anroputMmamm eé

pac4yéTa.
HNanbHenwee o3HakomneHne ¢ SALOME ocyuwecTtBndetca B

nabopaTopHbIx paboTax.
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JlabopaTtopHasn pabota Ne1
Tema: [leMoOHCTpaums 3agavm 0 TEYEHUN B KaBEPHE.
Lenb: N3yyeHne npumepa, noarotoBka reoMeTpum 1 CETKU C NOMOLLIbIO
blockMesh, 3agaHne napamMeTpoB, 3anycKk Ha CYeT, aHanu3 pesysibTaToB B

ParaView.

NocTtaHoOBKa 3agaum
PaccmoTpum KaBepHYy (MONOCTb HENPaBUITBHOW NI OKPYrIon hopMbl),
pacnosioXeHHyt0 B Tpybe, MO KOTOpOM TevyeT HeCckKMMaemasi XWOKOCTb C
NOCTOAHHOM CKOPOCTbIO (4MCIio Re coOTBETCTBYET JlaMUHAPHOMY PEXUMY).
Hangem ckopoctn n pasneHue (B nobon MOMEHT BpeMEHW U B nodon

Touke). Cxema c paamepamu npeacrasneHa Ha puc. 10.

U,=1m/s

—_—

d=0.1m

Puc. 10. Cxema kaBepHblI.

Xopa paboTbl
YnpaxHeHue 1. O3HaKoMIeHMe CO CTPYKTYPOU U KOOOM
1. OTkponTte Apnbik «Browse blueCFD-Core folder», pacnonoxeHHbln B
MeHto «[yck» nnu Ha paboyem cTone.
2. Hangute nanky «Cavity»: OpenFOAM-5.x > tutorials > incompressible >
icoFoam > cavity

3. Ckonupynte nanky «Cavity» B CBO narnky.

14


https://unihub.ru/groups/opencfd/wiki/ParaView

Tenepb paccMOTpUM coaepXumMoe nanok (HYXHO 3anTu B nanky

«cavity», pacrnonoxeHHyto B nanke «cavity»).

«0» — HavyanbHbIe ycnoBus
dann «p» — HayanbHble 3HayYeHUs OaBneHusi (OTKponTe pann cC

nomoLubto «Notepad 2.0») (puc. 11).

File Edit Search View Encoding Language Settings Macro Run  Plugins Window 7
EHBRLB| s ab|i e ne ac BR( -1 EIEA0|DEDE @
= E!!l

1 e - LAY
2 | =m——— | |
3 [ f F deld | OpenFORM: The Open Source CFD Toolbox |
4 | AN i O peration | Versiom: G5 |
5 ] WS A nd | Web: www . OpenFORM . org |
O | WS M anipulation | 1
T N *
8 FoamFile
3
10 version 2.0;
11 format ascii:;
12 class wolScalarField;
13 abject j=H
14 1}
is ’,f’,"kRkﬁkﬁkﬁkﬁtktktktﬁk#k#k#kkﬁkﬁkﬁl’ﬁl’ﬁl’k’f‘,’
16 f/dimensions OODMCHEaST pasMepHOCTL, B CHOODHAN CTENeHM EENITWUMEH!
17 ffl.macca (xr) 2.mmmHEa (M) 3.Bpema (c) 4.remneparypa (K) 5.
18 //xoHueHTpanMA [(MONe) 6. ckma Toka (A) 7. MHTEeHCHMEHOCTE CEeTa (KO)
19
20 dimensions [02 -2 000 0]; //PasMepHOCTE OaAENEHWMAE E OaHHOM ciydas M™2/c"2,
21 JS/T.K. ODAaBNEeHME NpMEBENEHHOE (OENMeHHOS Ha OMOTHOCTE) .
22
23 dinternalField uniform 0; //SHaueHMe B LeHTpaxX AYSceK — NONE OAENSeHMHA OOHOpOOHDO M pasHo 0.
24
25 boundaryField //TpaHMuHHEe VCIOEMA ONA NepeMeHHHK NOpMESOSHHHMK E bamne blockMeshDict
Za  {
27 movingWall /,/Tpasuna "paBHOMEPHO OEMEYmMAAcCA CTEHKA™.
28 {
28 Type zeroGradient:;
30 }
31
32 fixedWalls //Tpasmua "crosuas cTeHEa”.
33 {
34 Type zeroGradient;
35 H
1
37 fronthndBack /,/TpasmMun "nepensHAd M SanHAs cTeHEM".
38 {
2 tvpe empty;
40 H
41 }
42
43 ',(',’ o R ok ok R R ok o R R R R o o o R o o o o o o R R o o R o o o o o o R R o o o o o o R o o o o o o o o o o o o o o R o o o o o o R R o o o R '[‘,’
44

Puc. 11. ®ann «p».
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o7

dann «U» — HavyanbHble 3Ha4YeHNsa CKopocTn (puc. 12).

File Edit Search View Encoding Language Settings Macro Run  Plugins Window 7
0'15@ oo@l |-=59 |ﬁﬂ£:&|‘§ '_'>|¢|.CI.|_=_+' E.-ELJ-—'lE‘ (]
Bud]|
1 e———_—_——————————————————— . —, -, - — — e Ot e =Y
2 | =——————= | |
3 RSN /S F ield | OpenFOAM: The Open Source CFD Toolbox |
=S B ! 0 peration | Version: 5
5 | WS 4 nd | Web: wwwW . OpenFCOAM. org |
& | W M anipulation | |
T AV ————————————————————— *f
B FoamFile
a
10 version 2.0;
11 format ascii;
12 class volVectorField;
13 object u:

{4 S L T O P O T T s L T L R R % % S T %

L\ m

1 &y n Wb L R = O

yBTE]

S " " x & R R R R R R K R K R R R K K R K R R R K K R K R K R R K % &k & & R SF

dimensions [01 -1 000 0]:; //PasMepHOCTE CEODOCTH M/C
internalField uniform (0 O 0); //Mome cropocTM B HYNIEEOM MOMEHT BDEMEHM HEBOSIMYMEHHOE.

boundaryField //TpasWuHne YCHNOEMA LA NepeMEeHHHX, NPMESOSHHHX B faine blockMeshDict.
{
movingWall /,/TpasMua "paBHOMEDHO OEMEYIAACH cTeHKa"
{
type fixedValue;
value uniform (1 0 0); Jf/YcmoBuMe "npumMnadHma”

fixedWalls //Tpammua "cTogdgas crexra”

{

Type naslip;
frontindBack
i

type empty:

lf R R R R R R R R R R AR R R AR AR AR AR R R AR R lf

Puc. 12. ®ann «U».

«Constant» — noCTosAHHbIEe 3Ha4YeHUs

[aHHaa 3apaya ABNSETCS HECKMMaeMon U NaMMHAPHOW, NMO3TOMY B

HEN eCTb TONbKO OA4HA BeNWYMHA, onpefenswowas pusandyeckne cBOUCTBaA

cpedbl — KMHemMaTuyeckas BA3KOCTb (M?/c). OTa BenuuunHa 3agaeTcs B painne

«transportProperties».
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«System» — meToA pelleHuns
®ann «blockMeshDict» (65104HbIN reHepaTop ceTkn, puc. 13 n puc. 14)
COAEPXKUT:
e [lapameTp macwTabupoBaHus convertToMeters
e Cnuncok y3nos vertices
e Cnuncok 6rokos blocks
e CnuncoK KpnBONUHeKnHbIX pébep edges
e [paHun4yHbIe ycrioBus CTeHoK boundary

e Cnucok obbeamHsaemblx rpaHen mergePatchPairs

o

File Edit S5Search View Encoding Language Settings Macro Run Plugins  Window 7

Pyl = L= RENIEY =Y |2 2 BEISTEFEL=|® L3
[= blockMeshDict E3 ‘

& FoamFile

8

0 version 2.0;

1 format a=scii:

2 class dictionary:

3 object blockMeshDict;

::://:-e;-exxxxxxxxx;-ex###x#x####x#x#x#x#xx#x#x_/_/

convertToMeters 0.1:; //Kosg¢dwmmenT macmrabupoeasHMAa

vertices //ChoMcox KooOpOMHAT EepOMH McocHegyeMold ofmacTH

(

1 (00 0)
2 (100
3 (11 0)
g (01 0)
= (00 0.1)
& (10 0.1)
7 (11 0.1)
8 (001 0.1)

v

)z

blocks //ConMcor BnoxoE, M3 XOTOpPHX COCTOMT pacudeTHas ofmacTe

{
hex (0 1 2 3 45 & 7) (20 20 1) simpleGrading (1 1 1)
f/lepEaf “acTe COCTOMT M3 HOMEpROE EEDIMH OaHHoro Gmoka. BTopaf SamMck NOKASHEAST
f/cromero Touex pasBMeHMA SagaseTCHA E KAaXOOM HANpDaENEHMM (HanpaBNeHMA X, V M Z).
J/TpeTer ZanMck SE2O8ET KOSGHMUMEeHT pDacIMpSeHMA SUSHEM LN KA®OoTC HAOpaENeHMA E GSmoee.

| T Y O U O R By

)z

edge=s //Kpas Bmoxoe. o yMONMYaHWMD EA®AHNA KR CUMTASTCH ODHEMEM,
//nosToMy B maHHOM caydae sTa obmacT: nycTas.

SN Y N o T T T 1 T T 1 T T o Y ' I %y T ) S T S % R % T U O e e e e i o S e S ]
s oo

r
%]

Puc. 13. Hayano ¢anna «blockMeshDicty.
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boundary //TpaHuunne yCIOBMA CTEHOX.
(
movingWall
{
type wall;
faces
(
(37 & 2)
)i

fixedWalls
{
type wall;
faces
(
(0 4
(2 &
(15

3)

s 0 =
>

0)
)z

frontaAndBack

{
type empty:
faces

(

o N
')

(0 3
(4 5

):
mergePatchPairs //Cnmcox ofmemMuEfeMmx rpaHei

(
):

Puc. 14. lNMpogomkeHne ganna «blockMeshDicty.

B obwem cnydae MoOXeT coaep)aTb TakKKe CMMCOK MOBEPXHOCTEN
patches.

[Tocne onpegeneHna Todek crniegyeT cchopmMmpoBaTh rekcasgparnbHble
6noKM — WwecTurpaHHble 06BLEMBI ¢ 8 yanamun, 12 pebpamu (puc. 15). Kaxxgas
rpaHb mMMeeT cTporo 4 pebpa v 4 vy3na. bnoku 3agarTca 4epes
nepevncrieHne YysnoB B oOnpegeneHHoM nopsagke (Hanpumep, MpOTMB
YyacoBOoW CTpenku). Takke 3agalTcAa UM BHELWHUME  MOBEPXHOCTH,

onpegendwowmne rpaHM4Hble yCJ10BUA.

) s

: 4 ] 5
Puc. 15. NekcasgpanbHbii 6n0K.
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HacTporka 4MCcneHHbIX CXeM MHTErpupoBaHUA NPou3BOaNTCS B dpanne

«fvSchemes» (puc. 16).

FoamFile
{
version 2.0;
format ascii:
12 class dictionary;
13 location "system";
object fvSchemes;
R I I I L e

//HcnonesyeTcR ONS HaXOmOSHMA NpOMSEOONHX, KOTODMS EHUMCASNTCSE E OpOLSCCe MOOSIAMEDOEaHMA.
ddtSchemes //NpoMIE0OHaE NepEODC NOpPAOKA 0O ERSMEHM
{

default Euler:

gradSchemes //TpammMeHT

i
default Gauss linear;
grad (p) Gauss linear;

divSchemes //IOuEepreHLMA
{
defaultc none;
32 div (phi, ) Gauss linear:

laplacianSchemes //Iuddysma
{

default Gauss linear orthogonal;

interpolationSchemes //MHTepNONAUMA Ha IpaHA
i
42 default linear:;

snGradSchemes //IpoMIECOHAA OO0 HODMANM
{
default orthogonal;

Puc. 16. ®ann «fvSchemes».

Cnocob HaxoxaeHNsA NPOM3BOAHbLIX YKa3aH nocne eé KOHKPeTHOro smaa
(Hanpumep, rpagneHT gasneHus «grad(p)» annpoKCUMUPOBAH MO JIMHENHOMY
cnocoby Naycca «Gauss lineary, puc. 16).

Anddpy3nsa onnceiBaeTCcd ypaBHEHNEM, coaepXaLlmmM nannacuaH.

HacTpoka MeToOoB pelleHUsi CUCTEM JIMHEWHbIX anrebpanveckmx
ypaBHeHun npoussoautca B danne «fvSolution» (puc. 17). Cnoso «solver»

03Ha4aeT peluartenb, «tolerance» — TOYHOCTb.

19



B OpenFOAM wucnonb3yeTca MeTon pacluensieHns nepemMeHHbIX, T.e.
OIS KaXXOgonW MCKOMOW MepeMeHHOM (ckansipa WUnn TeH3opa) CBOSA cuctema
ypaBHEHUN, CBON MeTOo[, pelleHus. Kaxxgomy nonto — cBOW MeTof pelleHnd
CUCTEMbI JIMHENHbIX anrebpanyeckux ypaBHeHWn. NS KOMMOHEHT TeH3opa

MeTo[, peLleHns oaunH, HO Npoleaypa — nocneaoBaTenbHas.

FoamFile
{
wversion 2.0;
format asciiy
12 class dictionary:
location "aystem";
object fvSolution;
I I I I A I I I S S B AR T A 77

//HacTpoliira MEeTOONOE pENEHWMHA CUCTEM JMHEWHHE ANTefpaMusecEME YDaEHEHMWHM
solvers //MeTomy pemesEMA ONA CRODOCTHM M OaBJIEHMA

i
2 P
2 {
22 solver PCG;
2 preconditioner DIC:
= tolerance 1e-06;
2 relTol 0.05;
2 pFinal
2 {
ip;
relTol 0;
1)
{
solver smoothSolver:
smoother symGaussSeidel;
tolerance 1e-05;
relTol a:

PISO //MapaMeTpH ANrOpATMA CEASHEAHWA [NOJEWM NABJIEHWA M CEODOCTENR

i
nCorrectors 2;
nHonCrthogonalCorrectors 0;
pRefCell Q:
pRefValue 0:
T i

Puc. 17. ®ann «fvSolution».
KoHTponb 3a Xo4oM pelleHuMda 3ajadu ocyuwecTBnseTcs B pauvne

«controlDict» (puc. 18). B pasgene «Application» ykasaH Mcnonb3yembin

pewaTtesnb (B onucbiBaeMoMm criydae — «icoFoamy).
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A bR RD R R R R R R R

FoamFile

i
version 2.0;
format ascii;
class dictionary;
location "azystem";
object controlDict;

S R R R R R R R R R R R R R R R R R R R R R R R R R R R R Rk R R R R R ok R R JF

application icoFoam;

startFrom startTime;

startTime 0; //Hauanesoe EBpeMa

stoplt endTime; //HeoBxomao OnNA OXOHYAHMA CcuUBTa

endTime 0.5; //KoHeunos EpeMA

deltaT 0.005; //Dar no BpeMeHM

writeControl timeStep: //SanmMc: Dons CROpOCTEN M OaBNeHME E onpemengHHHe
//npoMemyTEM EpeMeHM - SanMc: BVOeT NpoMCXOOMTL
f/4Yepes paBHOE KOMMYECTEC MTEpalyy, ONMcaHsHOoe B ceriwmM writeInterwval

writeInterval 20;

purgeWrite 0;

writeFormat ascii; //fopMar sammcwu

writePrecizion 6; //TodHoCT: EHEOOZ PE3YALTATOE — KONMYESCTEO IHAKOE B 3IalMcH
writeCompression off; //CmaTHe - oTRIDYEHO

timeFormat general; f/fopmMarT EpeMeHM

timePrecision 5

runTimeModifiable true; //Bo3sMomHOCTE BHECEHMA M3IMEHeHMH Bo BpeMA pafoTe nporparmme

S R R R R R R R R R R R R R AR AR R R A AR A AR AT RARNEAARRAARRERRRR AR RR AR Jf

Puc. 18. ®ann «controlDict».

YnpaxHeHue 2. PaboTta nporpammbl

1. KnukHyB no nanke C:/$BALUA TMAMKAS$/cavity/cavity npaBoli kHomKow

MbiwK, Bolbepute «Open in blueCFD-Core terminal».

2. Beegute blockMesh — nosiButcs pacuyet ceTkm obbekta (puc. 19).

MocmoTpuTe, YTO B «constant» noasunack nanka «polyMesh». A3yuyute

eé coaepXxnmoe.
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5 blocksesh

Y / F ield | OpenFoAM: The Open Source CFD Toolbox |
Y /O peration | version: 5.x |
| W S A nd | web: www. OpenFOsM . org |
| Y M anipulation | ]
R R ———— )

/*  wWindows 32 and 64 bit porting by blueCAPE: http://www.bluecape.com.pt  *%
| Based on Windows porting (2.0.x w4) by Symscape: http://www.symscape.com |
T |

Build : 5.x-TacBaliiaibo

Exec @ Ci/PROGRA~L/BLUECF~1/0penFOAM-5. x/platforms /mingw wi4GocDPInt320pt/bin/blockmesh. exe
Date : Feb 25 2019

Time @ 15:18:36

Host : "po=05=X10a=05"

PID : TO6S

Lo t uncollated

Case @ C:/flabalfcavity/fcavity
nProcs : 1

SigFpe : Enabling floating point exception trapping (FOAM_SIGFPE).
filemodificationChecking : Monitoring run-time modified files using timeStampMaster (fileModificationskew 10)
allowSystemOperations : Allowing user-supplied system call operations

l..'fﬁii'l"iili'r‘iﬂli'l"iﬁlt'iﬂitriili’iiﬂiffiiirfllf
Create time

peleting polyMesh directory

“C:abal feavi ty/cavity//constant /polyMesh™
Creating block mesh from

“C: Mabal/fcavity/cavity/system/blockMeshDict™
creating block edges
No non-planar block faces defined
creating topology blocks
creating topology patches

Creating block mesh topology
Check topology

Basic statistics
Nusber of internal faces : 0
wusber of boundary faces : &
Kusber of defined boundary faces : &
wusber of undefined boundary faces : 0
Checking patch -» block consistency

Creating block offsets
Creating merge list .

Creating polyMesh from blockMesh
Creating patches
Creating cells
Creating points with scale 0.1
Block 0 cell size :

i 0,005 .. 0.005

j : 0.005 .. 0.005
k:0.01 .. 0.00

boundingBox: (0 O 0) (0.1 0.1 0.01)
nPoints: 8482

nCells: 400

nFaces: 1640

nInternalFaces: 760

patch 0 (start: 760 size: 20) name: movingeall
patch 1 (start: T8O size: 60) name: Fixedwalls
patch 2 (start: 840 size: 800) name: frontAndBack

End

Puc. 19. PacyéT ceTkn obbekTa.

3. BBeante icoFoam — pacyeT TeyeHUst KMOKOCTU B KaBepHe.

[MocmoTpuTe, YTO M3MEHUITOCL B Marnke «cavity» (B cnyyae ygadHoro
BbIMOMIHEHUS  MPOAOIDKUTENbHOE  BpeMsa  MAET  pacyeT, WHadve

BbIBOAMTCS Error).

4. Beegute  paraFoam —  3anyctutca  nporpamma  ParaView,

nucrnonb3yemas Aans sudyanusaumm peweHun (puc. 20). Ecnv OkHO
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ParaView He OTKpbIBaeTCcs, CaMOCTOSITENbHO co3gaMTe B Nanke

«cavity» chann «cavity.foamy», 3anyctute nporpammy 1 3arpysmuTte 3TOT
doawn.

YnpaxHeHue 3. 3HakoMmcTBO ¢ ParaView

Mepenaute k pabote ¢ ParaView (puc. 20).

st View Sawces Ften Tooh Catvpt Maces Help
pEE® o FRF AP P S - o [¢maxem
t

- TREAdk kgLl BEeeaG

Vel ag g

’§
i
i

zl] == @ I"H‘Tglﬂ
i mep

Puc. 20. OkHo ParaView.

Haxmute «kHonky Apply B MeHwo Properties cnesa. [losiButcsa

n3obpaxeHne OaBneHust Xuakoctn (p) B kaBepHe B Hadane pacdeta (0 c)
(puc. 21).
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PR OO FRE AP PG| o i ®) )
I e z *| o I XMadbkddnc? Beea
I90DIPDOELE Ot e *

o s #x| Dwenix |

8 buton: A% OM HEE ANPRER S AL 72N Rendervient (080 8%
+ SENE

Froperties | Informaton
Properses x

Dreset | K oeete || T

[ = propertes cave | 3| & (@[
Refesh

[ Skip zera Tme

360 TV | Reconsiructed Case:

Labwise |33

S St 408 oF)

9] Creats cel o port Hered das

] 4dd dmensional urits to array names.

Puc. 21. 3o06paxeHne faBneHust XXMOKOCTU B KABEPHE B Ha4yane pac4yeTa.

I/I306pa>i<eHme MOXHO BpallaTb, 3aXaB JIEBYHO KHOMKY MbILN,
nepemMmellatb no 3KpaHy, 3a*XaB KOJIECUMKO MbIlLUN, N USMEHATb €ro pasmep,

BpaLlada Konecuko MbiLLN.

B BEPXHEM MEHIO KHOMKaMn MOXHO Bbl6|/|paTb BpeMA, pacydeT AOns
KOTOPOro BbiIBOOUTCA HA 3KPaH.

< <0 > 0> DI 5| imme:fo o 4]

P — 3anycTuUTb aHUMaLMIO
> _ crnegyowmn war

P _ nocnegHun war
4l — npeablgyLwmn war

4 _ nepsbIv Lwar

=
& - 3aUUKIMNUTb aHMMaUno

@p

C NOMOLLLI MEHH | ) MOXHO BbIOMpaTb napameTp,

pelweHne KOTOpPOro BbIBOAUTCSA Ha 9KpaH. Hanpumep, napametp p
(oaBneHne) MoXHO N3MeHUTb Ha U (CKOPOCTb XMUOKOCTN).
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A TaKKke B 3TOM MEHI0 MOXHO 3a4aTb M300paXKeHne pelLleHus B Buae

v |

i U
OHOrIo uBeTa Aand Kaxagoro anemMeHTapHoro obbvema (| v

C nomoLubio MeHio MEa18 = | youain BbIGpaTh, YTO ByaeT nokasbiBaTb
nporpamma: amnnuTyay BenmuunHbl (magnitude) unm ee nNpoekLmio Ha oHy 13
KOOPAMHATHLIX 0Cel (CMHWE Y4YacTKM WMEIT HaWMEHbLUee 3HavyeHue

BEJINYUNHbI, KPaCHblE — H8M60ﬂbLIJy}O.).

| Surface - |

C nomoLb MEHI MOXHO MeHATb cnocob

npencrtaBlieHna pe3yrbTaTtoB (B Bnae noBepxHOCTU, ceTyaTomn NOBEPXHOCTMN,

TOYEeK N 7.4.).

YT0oObI yBMAETL LUKaMNy, HAXMUTE - :
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Pipeline Browser

T
[§ builtin:
1
@ cavity.fo

[ I ]
" "

am

¥ CeliCentersi

| Glypht

Properties Information

Properties

5 Apply

Search {use Ear

Reset 3 Delete

to dear text]

= roeriesc 3] ®

Ghyph Source

Glyph Type | Arrow

Active Attributes

Scalars

> p s
Vectors oy -
Orientation
Orient
Scaling
Scale Mode T -
Scale Factor 0.010000001 | X v | | @&
Masking
Glyph Mode Uniform Spatial Distribution =
Maximum
Mumber Of 5000
Sample Points
Seed 10339

= Displav AN

Puc. 22. Buibop off B

MEHIO

Scale Mode.

g X
>

tar)

~

YT0ObI NOCTPOUTHL NONie MOAYNsi CKOPOCTU
N OaBfeHust: nepexogute K nocrnegHemy
MOMEHTY BPEMEHW, WU3BMEKUTE LEHTPbl s4Yeek
(Filters (B BepxHem MeHw) — Alphabetical —
Cell Centers); cTpoute BeKTOpHOE Mofie B
ueHTpax a4eek (Filters — Alphabetical — Glyph),
OTKNIOYMB MaclTabnpoBaHMe BEKTOpa CKOPOCTU
(o Bknagke Properties pagna Glyph1l B
packpbiBatowemMmcsi MeHo Scale Mode Bbibepute
off) (puc. 22).

[Ana nocTtpoeHuss nuHMKM ToKa: Bblbepute
00BbEeKT, COOTBETCTBYHOLL MM KaBepHe
(cavity.foam) n BbizoBuTE PuUnbTp Stream Tracer
(Filters — Alphabetical — Stream Tracer)

(puc. 23). Haxxmute Apply.

Pipeline Browser g X
E] builtin:
é cavity. foam

¥ CeliCenters1

Eﬁ: Glyphi

P Sucantrace |

® & & @

Puc. 23. Bbi3oB chunbTtpa

Stream Tracer.

YT0o0bI yBUOETb TOJIbKO HanpasleHnd Uin nnMHUM TOKa, HaXXMUTEe Ha

3Hayok rrnasa sosne StreamTracer unu Glyph1 cootBeTcTBEHHO (pUC. 24).
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File Edit View Sousces Filers Took Catalyst Macios  Help
P R va Fa@ MAP PME moue o Elinace s
e - [ ARl gdanc? Beea
EC0RRTOEL0: G s
i

Pipeine | 8 x  OLlayout#rx *
™™ PR OB EAE RGP EE R A TSR Benderviews 0808 x
@ Qoo fom 7 62+00
|@  ecacees:
® o

o emmm

Properties | Inflrmatien
Prapatiss

py | @aeet | Mooer [ 7

4,/, 4

7 =

L= Properties istee | |G 0| 1) |5
awr

Rty

4%

Puc. 24. NpocmoTtp StreamTracer1 n Glyph1.

YnpaxHeHue 4. U3meHeHUe napamMeTpoB 3apauun
Mony4ynte pelueHus, BHeCs creyowmne nsMeHeHus:

1. YBenunybTe BA3kocTb A0 0.1.

2. N\ameHuTe napameTpbl (CM. puc. 25).

Ecnn Tpebyetcsa npousBecTn pacyeT ewe pas, yganute Bce narku,
nmMerowme HassaHug-vucna, kpome 0 (Tam 3agaHbl HayarbHble YCNoBUSA).
Ecnu nankn He ByayT yaaneHsl, To ParaView Bu3yanusnpyeTt ctapoe 1 HoOBoe
peweHne opgHoBpeMeHHo. Kpome Toro Heobxogmmo nepesanycTuTb

ParaView. [locne kaxgoro nameHeHust NoBTopuTe BCe AEUCTBUA, HAYMHas C

NyHKTa 3 ynpaxkHeHns 2.
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FoamFile

{
version
format
class
location
abject

2.0;

ascii;
dictionary;
"aystem";
controlDict:

Sl " % B R R R R R R R R R R K R R R

application

startFrom

startTime

stophAt

endTime

deltcaT

writeControl

writeInterval

purgeWrite

writeFormat

writePrecision

icoFoam:
startTime:

0:; //HadYanmHoe BpeMA

endTime; //HeoBxommio ONA OXROHYAHWMA cuUETa
0.01; //KoHeuHoe BpeMA

0.0001; //Dar no EBpeMeHM

LI T A

timeStep: //SanMck DONA CEOpPOCTENM M OAENMSHMA E ONpSeOeNE&HHHS
S /opoMexyTRM BpeMeEHWM - IamMcE BYVIAST NpOMCHOOMTE

//4epes paBHOoe KOAMYECTEQ MTEpaLwil,

1;

0;

cii; //fopMaT sanmchH

OonNMCcaHHOE B CerRuMM writelnterval

6; //TouHocTe EHECOA PESYVNETATOE — KOMMYEECTED 3SHAKOE B 3aldMCH

writeCompression off: //C=marwe - OTEINYEHO

timeFormat

timePFrecision

runTimeModifiable true;

general; //dopMaT BpeMeHM

6;

//BOSMOEHOCTE BHECEHMHE M3IMEHEHMM B0 BpeMA paboTh nporparmm

F o R R R R R R R R R R R R R RN R R AR AN AR AR R A AR ARRREA AR RRAA R RARR S

Puc. 25. NlameHeHne napameTpoB 3agauu.
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JlTabopaTopHasa pab6ota Ne2
Tema: [leMOHCTpaums peleHns 3agaym o npopbise Aamobl.
LUenb: WN3ydeHne maTemaTMyeckom Moenun, 3agaHue napameTpos,

3anyck Ha cyeT, aHanus pesynbTtaTtoB B ParaView.

NocTtaHoBKa 3agaun

CT0on6 XMAOKOCTK, PacnofoXeHHbIN B NEBOM YacTu pacyeTHOM obnacTty,
B MOMeHT BpemeHn T=0 obpyumBaeTcs Ha NpensiTCTBUE Ha OHE U co3daeT
NOTOK CrOXHOW hopMbl (puc. 26).

CnegyeT NONyyYuTb 3HA4YE€HUS KOHUEHTpauun BOAbl, [LaBMNeHus u
CKOPOCTW.

[IBymMepHas 3agada pewaetca C UCMNoNb30oBaHWEM pellaTens
interFoam. OcobeHHOCTbIO SABNSETCS HeCcTauMOHapHOe TedeHue [OBYX
XNOKOCTEN, pasaeneHHbIX MHTepdencom, nnm ceoboaHoOn NOBEPXHOCTbLIO.

[eomeTpus 3agaym pa3bmeaeTca Ha 5 6110KOB M3-3a HANM4Ms BbICTyNA.

MoaymainTe, kKakum 06pa3omM ObINo NponsseneHo aTo pasbueHue.

0,584 M

0,584 M
cTOnG BOORI

0.292 M

|_| 0,048 M

’

0.1461m 0,1459y  O:0%4M

Puc. 26. 'eomeTpusa 1 HavarnbHble NapaMmeTpbl 3a4a4u.
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https://unihub.ru/groups/opencfd/wiki/ParaView

Xoa paboTbl

YnpaxHeHue 1. 3anyck nporpamMmmbli

1. CkonupoBaTtb nanky damBreak n3 blueCFD-Core-2017/OpenFOAM-5.x
/tutorials/multiphase/interFoam/laminar/dambreak B cBoto nanky.

2. Knuknye no nanke C:/$BALLUA_IMNAMNKA$/damBreak/damBreak npasoi
KHoMkon Mblwu, Bbibepute «Open in blueCFD-Core terminaly.

3. MNocTpounTb ceTky ¢ nomoLubio komaHabl blockMesh.

4. C nomowbio komaHabl setFields 3anonHuTe 4acTb s4Yeek BoOou
(puc. 27).

Create time
Create mesh for time = 0
Reading setFieldsDict

Setting field default values
Setting internal values of volScalarField alpha.water

Setting Tield region values
Adding cells with center within boxes 1((0 0 -1) (0.1461 0.292 1))
setting internal values of volscalarField alpha.water

End

Puc. 27. NpumeHeHne komaHab! setFields.

5. NMponsBectn pacyeT ABWKEHUS >KUAOKOCTM C MOMOLLBb  KOMaHAbl
interFoam.

6. 3anyctTuTb nporpammy Ana Budyanusauum komaHgonm paraFoam (ecnu
3anyck He nNpou3oweér, noBTOPUTbL OENCTBUS, OMUCaHHble B
nabopatopHon paboTe Ne1).

MNpu nocnegyloWmnx M3MEHEHUSX NapaMeTpoB, HEOOXOAMMO MOBTOPSTbL

AaHHble OeNCTBUS:
e C MNyHKTa 3, €CN MEHSIeTCA reoMeTpus;

e C nyHkTa 4, ecnn meHsaeTca dpann setFieldsDict.

YnpaxHeHue 2. U3meHeHMe HaYanbHbIX YCIOBUMN
Utobbl nepesanyctntb ann setFieldsDict ypanute cogepxumoe

ctaporo canna alpha.water, a 3atem ckonupymTe cogepxumoe danna
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alpha.water.orig B pann alpha.water, 3atem B ¢panne setFieldsDict nsmernute
pasmep M pacnonoxeHue 6rnoka Bogbl. Hanpumep, MOXHO caenaTtb Criown
BOAbl LWUMpe, COBUHYTb €ro 1 nogHaTb. KoopanHatbl MEHSKOTCS B CTPOKe box,
CTposdLlen napannenenunen no KoopAWHaTaM Hadvana W KoHua ero
anaroHarnm.

[MponsseanTe pacyeT, NpoaHann3npynTe N3MeHeHUs.

PasmecTuTe ewwé oanH Takomn xe cTtonbd Boabl CUMMETPUYHO NEPBOMY.
[ns atoro 3anamnte B setFieldsDict n pobaebTe eweé oamH 6nok boxToCell ¢
cooTBeTCTBYOLWMMKN KoopanHaTtamu (puc. 28). bnok boxToCell cTtpouTtca no
KoopamHaTtam ABYyX TOYEK AuMaroHanu napannenenunena — 3agHen BepxHeu
npaBoM BEPLMHbI W MNepegHen HWXKHEW neBOoW BepwuHbl (pébpa

naparsneribHbl OCAM).

FoamFile
{
0 version 2.0;
11 format ascii;
12 class dictionary;
location "system";

4 object zetFieldsDict;

B S R R R xR o R o R R R m R R R R kK R R R R R R R R R R R R K K K K K K % K Iy
defaultFieldValues

(

wvolScalarFieldValue alpha.water 0

1 )

regions
(
boxToCell
{
box (0 O -1) (0.1461 0.232 1);
fieldValues

(

wolScalarFieldValue alpha.water 1

31 Vi

4 boxToCell
5L {
36 box (0.4379 0 -1) (0.584 0.292 1):
37 fieldValues
(

wolScalarFieldValue alpha.water 1

T n :
s
S

b
4
kS
*
4
kS
*
*
4
kS
*
*
4
kS
*
4
4
*
*
4
kS
*
*
4
kS
*
b
4
kS
*
4
kS
*
*
4
kS
*
*
4
kS
*
4
4
*
*
4
kS
*
*
4
kS
*
b
4
kS
*
4
4
*
*
4
kS
*
*
4
kS
*
b
4
kS
*
4
kS
.
N

Puc. 28. [lobaBneHne 6noka boxToCell.
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[MpousBeanTe pacyeT U NpoaHannanpymuTe rnosyvyeHHbIn pesynbrar.

Cpoenante M3 OBYXMEPHOW 3afayn TPEXMEPHYHO, YBenuuuB B (hanne
blockMesh TonwwmHy (MmacwTab) obnactu no BeptTukanu (ona aToro B rnone
vertices NnoMeHsINTe KoopauHaTbl Y3MoB, rae nepsasa KoopanHata — X, BTopas
— Y, TPETbS — Z, HYXXHO MEHSATb KOOpAWHATYy BEPXHUX Y3/0B MO OCU Z,
ncxogHo pasHyto 0,1), n B none hex NOMeHsIB YNCNO Tovek pas3bueHuns B
HanpasneHn ocn z (puc. 29) (B NepBon CKOBKe CTOAT HOMepa Y3rioB,
BXOOALMX B 9TOT 6M10K, BO BTOPOW — YMACAO TOYEK pas3bueHnsa no X, y, z, B
TpeTben — MHOXUTENb MacluTabupoBaHus). 3atem BMECTO
napannenenunega aobaebTe wap Bogbl. [Ond aToro wucnonb3ynte 650K
sphereToCell, ykazaB koopguHaTtbl LeHTpa (centre) wwapa un ero paguyc
(radius) (puc. 30).

vertices

{ vertices
(0 0 0) (
(2 0 0) (0 O 0)
(2.16438 0 0) if 0 0)
(4 0 0) (2.16438 0 0)
(4 0 0)

(0 0.32876 0)
(2 0.32876 0)

(2.16438 0.32876 0) (2 0.32876 0)
(2.16438 0.32876 0)

(4 0.32876 0)

(0 0.32876 0)

(4 0.32876 0)

(0 4 0)

(2 4 0) (0 4 0)

(2.16438 4 0) if 4 0)

(4 4 0) (2.16438 4 0)

(0 0 0.1) (4 4 0)

(2 0 0.1) i? 0 4)

(2.16438 0 0.1) if 0 4)

(4 0 0.1) (2.16438 0 4)
(4 0 4)

(0 0.32876 0.1) !

(2 0.32876 0.1) (0 0.32876 4)

(2.16438 0.32876 0.1) (2 0.32876 4)
(2.16438 0.32876 4)

(4 0.32876 0.1)
(4 0.32876 4)

(0 4 0.1)
(2 4 0.1) (04 4)
(2.16438 4 0.1) (2 2 4
(¢4 0.1) (2.16438 4 4)
)z (4 4 4)
Vi
blocks
[ blocks
hex (0 1 5 4 12 13 17 16) (23 & 1) simpleGrading (1 1 1) t i )
hex (2 3 7 & 14 15 19 18) (19 & 1) simpleGrading (1 1 1) hex (0 1 54 12 13 17 16) (23 & 40) simpleGrading (1 1 1)
hex (4 5 9 8 16 17 21 20) (23 42 1) simpleGrading (1 1 1) hex (2 3 7 6 14 15 15 18) (19 & 40) simpleGrading (1 1 1)
hex (5 6 10 9 17 18 22 21) (4 42 1) simpleGrading (1 1 1) hex (4 5 9 8 16 17 21 20) (23 42 40) simpleGrading (1 1 1)

hex (5 6 10 9 17 18 22 21) (4 42 40) simpleGrading (1 1 1)

hex (6 7 11 10 18 1% 23 22) (19 42 1) simpleGrading (1 1 1) N - N
hex (6 7 11 10 18 19 23 22) (19 42 40) simpleGrading (1 1 1)

MCXoAHbIA BapUaHT
BapuaHT ¢ yBenuyeHHbIM maclutabom

Puc. 29. lNMpumep nameHeHna macwtaba obnactu B 40 pas.
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FoamFile
{
(] wversion 2.0;
11 format ascii;
12 class dictionary;
location "system";

object setFieldsDict;

defaultFieldValues
(
wolScalarFieldValue alpha.water 0

E I

regions

4 |

5 sphereToCell

6 {

T centre (0.08 0.2 0.07):
radius 0.1;
fieldValues
(

31 volScalarFieldValue alpha.water 1

1 Lnok

Puc. 30. JobaBneHue wapa Boabl.

YnpaxHeHue 3. UI3MeHeHUue TPaHCNOPTHbLIX CBOUCTB

3angute no CCblIfKe
C:/$BALLA NMAMKA$/damBreak/damBreak/constant/transportProperties 7
MOMEHANTE  BA3KOCTb  xuakoctm  (nu). [lMpousBeante  pacyeTr u

npoaHann3npymTe nosyyYeHHbIN pesyrbTarT.

YnpaxHeHue 4. UameHeHMe napamMeTpoB pac4yeTa

B nanke C:/$BALWLA MNAMKA$/damBreak/damBreak/system oTkpbITb
dann controlDict. MoXHO u3MeHUTbL BpeMms, Korga pacyeT HavnHaeTcs
(startTime) wn 3akaHumBaeTca (endTime), NPOMEXYTOK BpEMeHU, 4epes3
KOTopbIn npoBoasaTcs BblumucneHus (deltaT), wHTepBan, 4yepes KOTOpbLIN
npounssoauTca 3anuck pacyeta (writelnterval).

[MponsseanTe pacyeT, NpoaHann3npynTe N3MeHeHus.

CnpaBky no pasnuyHbiM yHKUMsaM OpenFoam MOXHO NOCMOTPETb

3pecb: https://openfoamwiki.net/index.php/TopoSet

33


https://openfoamwiki.net/index.php/TopoSet

JNlabopaTtopHasa pab6ota Ne3
Tema: 3HakoMCTBO € nporpammon Salome.
Lenb: lNocTponTb TpEXMEPHYIO reoMeTpuYeckyro moaens getann Lego
c nomouibo moayns Geometry nporpammbl Salome n co3gaBaTb ANS HEro

TPEXMEPHYIO CETKY.

Xopa paboTbl

YnpaxHeHue 1. lNNocTpoeHue reomeTpum

3anyctuTb nporpamMmmy, Kak 6bifio onnMcaHo B CaMOCTOATENbHOM paboTe
NeQ, HaxxaTb New Document n B Bbinagatowem meHto moaynen (Modules)
BblbpaTb Geometry.

B meHio NewEntity Heobxogumo Bbibpatb Primitives — Box. B
NOsIBMBLLEMCS OKHE crefyeT BblOpaTb BTOpPOM BapuaHT  CO34aHus
napannenenunega (No pasmepam) 1 BBECTU crieayowme 3Ha4YeHns:

Name: TopBox;

Dx: 0.025;

Dy: 0.012;

Dz: 0.016.

3ateM Hy)XHO MOCTPOUTb [Be TO4YKM, oOnpejensowmne auaroHasb
BHyTpPEHHEro npsamoyronbHuka (byaywen nonoctn). [Ons aTtoro Bbibepem
NewEntity — Basic — Point.

3HayeHns ans NepBon TOYKMU:

Name: BottomD;

Dx: 0.002;

Dy: 0.002;

Dz: 0.

[ns BTOPOU TOYKM:

Name: TopD;

Dx: 0.023;
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Dy: 0.010;

Dz: 0.014.

[Mepekntoyatb BMAO oTOBpaxkeHns obbekTa MOXHO, ecnn 3anTn B View
— Display Mode n BbiGpaTb, HanpumMep, KapKacHbIN pPexXMM OoTobpaXeHus

(Wireframe) wnu pexmm oTobpaxeHus TpexmepHon wmogenn (Shading)
(puc. 31).

@ @«
ol SR i EE] OCC scene:2 - viewer:1
ﬂ% DoHFMEELELA PS8y 0000005 ¢cadatLs|dhEaaqy:
-+ 0
s 0K
e s 0Y
s 0Z
@ i @ TopBox
@ i+ BottomD ‘
[~ I o0 |
Object Browser A MoteBook

nformation ==

Parameter | value |
S+ Point
X 0023

Text gz

@ [Nama |

Puc. 31. KapkacHbli pexxum oTobpaxeHus.

[anee cnepyet co3gaTb BHYTpPeHHUM napannenenunes. Heobxogmmo
BolbpaTb NewEntity —Primitives — Box. Bo Bknagke Box Bbibupaetcs
nepBbIv NYHKT (MOCTPOEHME MO TOYKaM AMaroHanu) u 3afgarTcs 3HaYeHus:

Name: InnerBox;

Point1: BottomD; (cnegyeT KMWKHYTb MO Ha3BaHUIO TOYKM B OepeBe
ob6bekToB Geometry)

Point2: TopD.

Tenepb HeobxoAMMO BblMECTb MareHbkuMr Napannenenunes w3
Oonblwero. OTO [genaetcs C MNOMOWbK normyeckon onepauun Cut
(Operations — Boolean — Cut). Heobxogmmo BbibpaTb 3HayeHus Ons

HOBOW pUrypbi:
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Name: LegoBase;

Main Object: TopBox;

Tool Object: InnerBox.

lMony4yeHHyt0 MoOOenb MOXHO MOCMOTPEeTb, €cnv Nepentn K3
KapKacHOro pexumma OoTobpaKeHus B pPeXuMMm OTobpaKeHus TpexmMepHOM

mogenu (puc. 32).

Puc. 32. Pexxum otobpakeHnsa TpEXmMepHONn Moaenu.

OcTtaetca cosgatb ABa UMnMHApPA C yKasaHHbIMW MapamMeTpammn U
nepemMectTuTb WX Ha COOTBETCTByWOLWME nosvumn. [lapameTpbl nepBoOro
uunuHapa:

Name: BumpL,;

Radius: 0.004;

Height: 0.002.

MepemecTm UMNMHAP € NnomoLbio onepaumn Translation (Operations
— Transformation — Translation), B KoTopon HEO6XOANMO CHATb ranoyky C

CreateCopy:
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Objects: BumpL;

Dx: 0.006;

Dy: 0.006;

Dz: 0.016.

C nomowblo 3TOM Xe onepauum Translation cosgaeTcsa BTOPOU
uMnNMHApP ¢ yctaHoBneHHoun ranoyvkon B CreateCopy 1 ¢ napameTpamu:

Name: BumpR,;

Objects: BumpL;

Dx: 0.013;

Dy: 0;

Dz: 0.

Buanmmoctb aneMeHTOB MOXHO MEHATb HaXaTMeM Ha 3Ha4doK rnasa
pPSOOM C KaXdblM Ha3BaHMEM B AepeBe OObEKTOB.

OcTtanocb 06beaANHNTb LMANHOPLI C OCHOBOW C NMOMOLLLIO JIOrMYecKomn
onepaumm Fuse. Bblbop 0OBLEKTOB OCYLLECTBMSETCA HaxaTuem no
Ha3BaHUAM B [fepeBe O06bLekTOB C HaxaTtoum knasuwen Ctrl (puc. 33).
O6beanHATb MOXHO MO 2 obbekTa cpady, noatomy 6byaetr Heobxooumo

npoBecTu onepaunto obbeanHeHns 2 pasa.

Puc. 33. Bbibop 06beKTOB Ans NpUMEHEHUs niormyeckomn onepaumm Fuse.
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YnpaxHeHue 2. Co3gaHune ceTku

Onuncatb noBegeHMe peanbHOro oObekTa 3adacTyio  ObiBaeT
OOCTaTOYHO COXHO. YNPOCTUTb peLlleHMe MOXHO C MOMOLUbK pa3buneHus
o0bekTa Ha KOHeYHble 3femMeHTbl. [lpu pa3dbueHnn obbekta Ha Marnble
9NleMeHTbl CHa4dana HeobxoAMMO onpefennTb TOYKKW, KoTopble OyayT
BEpLUMHAMM 3MEMEHTOB. OTM TOYKM Ha3biBalOT y3namm (node) pacyeTHOM
ceTkn. [lanee, Ha oCHoOBe BblOpaHHbLIX anropuTMOB U reoMeTpum 6a3oBbIX
9NIEMEHTOB, Y35bl COEAUHSATCA MPAMbIMU JIMHAMUW, Ha3blBaEMbIMU pebpamu
(edge). Ob6nacTtb, 3akniYeHHas Mexgy HecKonbkumu pebpamm M He
cogepxawasa Hu odHoro ysna wunu pebpa, HasbiBaeTcs rpadbto (face).
O6bl4yHO rpaHn obpasyTcs Tpemsa wunu 4YeTbipbMs pebpamu. Ob6nacTs,
3aKnioyYeHHasa Mexay HEeCKOSbKMMU FpaHsaMU U He cogepallas HM OOHOoro
y3na, pebpa mnu rpaHu (4actm rpaHu) HasblBaeTcsd 06beMHbIM OOBHLEKTOM
(volume object).

[MocTponm TpexmepHyto ceTky ana getanu Lego.

B Salome nepengem wn3s mogyns Geometry B mogyne Mesh. [Ons
NOCTPOEHNA  CETKM  BOCMOSIb3YyEMCS  aBTOMATMYECKMM  reHepaTopoMm
OBYMepHbIX U TpexmepHbix ceTok NetGen. [Jna Bbl3oBa AManoroBoro okHa
co3gaHuna cetkn Bbibepem Mesh — Create Mesh:

Name: Mesh3D 01;

Geometry: Lego;

Algorithm: NetGen 1D-2D-3D.

Hypothesis: NetGen 3D Simple Parameters (MKOHKa C wecTepeHKon;
OCTaBUTb CTaHAAPTHbIE 3HAYEHNA OS5 BCEX NapaMeTpoB).

Hanee BbIOpaTb NyHKT Mesh — Compute.
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Puc. 34. Pa3buneHne oobekta bonee yem Ha 14000 sanemeHTOB.

Ob6bekT okasancsa pasout 6onee 4em Ha 14000 06 BbEMHLIX 311IEMEHTOB
(puc. 34). [Ons ymeHblueHUsI BpeMeHM pacyeTa HeobXxoaAMMO YMEHbLUUTb
KONMYecTBO aremMeHToB. byaem ymeHbllaTb KONMYECTBO 3fIEMEHTOB B TpU
pasa.

MonpobyeM yMeHbLUMTbL KONMYEecTBO 4Yacten pasbueHus. LLenkHem
npaBoM KHOMKOM MbllK Ha HassaHunM runotesdbl Netgen 3D Simple
Parameters_1 B gepeBe ob6bekToB 1 Bbibepem Edit Hypothesis, ymeHbwnm
yncno cermeHToB (Number of Segment) ¢ 15 go 5.

[lepecuntaem ceTky: npaBon KHonkoM wMbiwn no Mesh3D 01 —
Compute. lNpn 3TOM KONUMYECTBO 4actenm cHu3unocb Ao 850, 4To He
yAOBNETBOPSET HaWMM TpeboBaHUNAM.

[na agekBaTHOro pasdbveHunsa crnegyeT NnocTpouTb nogceTky. Onsa aToro
crpynnupyem ogHOTUMNHbIE anemeHTbl. lNepengem B mogynbs Geometry un
BblAENMM B OepeBe 06bekToB 00bekT Lego (WenkHyTb NEeBOW KHOMKOM
mbiwn). Beibupaem New Entity — Explode:

Main Object: Lego;
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Sub-shapes Type (Tun Bblgensiembix coctasnaowmx): Edge.

Haxumaem Apply, 3aTemM, He 3akpbiBasi OkHa, Bblbupaem Face BmecTo
Edge n Haxumaem Apply and Close. B pesynbTate B gepeBe O06beKTOB B
anemeHTe Lego nosisutca 15 rpaHen mn 30 pebep. [anee Mbl OOKHbI
noctpontb 6Gonee Menkylo CceTky Ans UWUIMHOPUYECKUMX BbICTYMNOB U
npunerawowen K Hen BepxHen rpaHu. Cosgagum OBe rpynnbl OObEKTOB:
Habop pebep 1 Habop rpaHen.

Heobxogmmo BbibpaTb OCHOBHOM O06bEKT Lego n cosgath rpynny: New
Entity — Group — Create Group. B pesynbTate OTKpPOETCS OKHO CO34aHus
rpynnol.

CnepnyeT Bblgenutb Heobxogumble pebpa, Kak nokasaHo Ha pwuc. 35,
NeBOM KHOMKOW MbIlK, NpU 9TOM HeobxoauMMmo yaepxusaTb knasuwy Shift,
3ateM HaxaTtb KHonky Add (gob6asuTb). B pesynbTate COOTBETCTBYHOLLEM
OKHe OTobpasuTcs CNUCOK C HoMmepamu BblbpaHHbIX pebep. Hymepauumsa
pébep MOXeT He coBMagaTb C MpeAcTaBfieHHOWM Ha PUCYHKe, coBnagaTtb
OynoeTt ux konuyectBo (8), BaxHO BblOpaTb MMEHHO pebpa BepXHEW 4YacTu

o6bekTa, NuwHne pébpa MOXHO yaanuTb kKnasuwen Remove.
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e Create Group W2

|J+ 2 oy | @

2 Name TopEdged |

{«
&
{x

e

(Main Shape And Sub-Shapes

3 Main shape @ | | Lego |
(Main Shape Selection restriction - Show only selected

+) Mo restriction
25,0l Hide selected |

4] . Geometrical parts of the Second Shape
2 Only Sub-Shapes of the Second Shape || LShow all sub shapes |

5 Second Sh
on apeil ] 3
select Al |
T Add |
Remove |
Apply and Ciose| | apply | gose | nep |
R e LA R
el - viewer:1 Ly + =
05 CcHQUE ML Goprane
Name  TopEdge
And Su [+
M-ainEhapeiJ Lego

(Main Shape Selection restriction
# No restriction
- Geometrical parts of the Secon
. Only Sub-Shapes of the Secon

Second Shape ﬂ

Puc. 35. CosgaHue rpynnbl pébep.

HaxxaB kHonky Apply 1 He 3aKpbIB OKHO, Nepengem K co3gaHuio rpynnbl
rpaHen. [Ina aToro B BEpPXHEWN CTpoKe crieqyeT BblibpaTb COOTBETCTBYHOLLUM
TMN anemeHTa (puc. 36), BbIAENUTb aHanorm4yHo péebpam Heobxoaumble

rpaHu (ux 6yget 5) (puc. 36) n HaxxaTb KHonky Add.
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@ 5 3 o

Group Name

Name | TopFace

scene:1 - viewer:1

PO DO S U E W

(Main Shape And Sub-Shapes

Main Shape @ || Lego

(Main Shape Selection restriction

) No restriction
) Geometrical parts of the Second Shape
) Only Sub-Shapes of the Second Shape

Second Shape | @
0

Puc. 36. CosgaHue rpynnbl rpaHen.

B pesynbTaTe nony4nTca aBe rpynnbl 35ieMeHToB ¢ uMeHamn TopEdge
n TopFace. Tenepb cnegyetr BepHyTbca B mMoaynb Mesh. Heobxognmo
3anofnHUTL MNOSid AWanoroBbiX OKOH AfA CO34aHuUA MNOACETKM Ha OCHOBe
rpynnel pebep. Onsa atoro Haxmem Mesh — Create Sub-Mesh u coenaem,

Kak nokasaHo Ha puc. 37, nocne 4yero HaxxmeMm Ha kHorky Apply and Close.

il Y Create sub-mesh
Name SubMesh_Edges

Mesh @ | Mesh3p_01

Geometry | @ | TopEdge

@
G
LI d] &

3D 2D 1D oD

Algorithm _\I'u"i're discretisation & |
Hypothesis Mb. Segments_1 q,| ﬂ ﬂ
Add. Hypothesis |<None> +] ﬂ ﬁ

Assign a set of hypotheses |

[Applyandciose|  apply | close | mep |
R — -

o utl POV Hypothesis Construction &)

% Number of Segments
S o

Number of Segments 20 ¢|

Type of distribution  [Equidistant distribution +|

oK | Cancel | . Help

Puc. 37. Co3gaHue noaceTku ansa rpynnbl pebep.

42



Cnepyet paccuntaTb CeTKy ¢ nomolubto komaHabl Mesh — Compute.

Takke no puc. 38 HeobxoanmMo caenaTb AONS FPaHEeW U HaxaTb Ha KHOMKY

Apply and Close.

Name @ || SubMesh_Faces |

Mesh Mesh3D_01 |
Geometry TopFace |

3D 2D 1D oD

Algorithm Metgen 1D-2D +|
Hypothesis NETGEN 2D Simple Parameters_1 +| ﬂ ﬂ
Add. Hypothesis <None= | ﬂ ﬂ
Assign a set of hypotheses |
Apply and Cluse| Apply | Close | Help |
ol PO Hypothesis Construction o ) X :
tﬁ Netgen 2D simple parameters
ap.,
+ Number of Segments | 20 ﬂ
) Local Length 1 J

N

Puc. 38. Co3gaHne noaceTku ons rpynnbl rpaHen.

Takke Npon3BeCcTU MNepecyeT CeTKM C nomollbo komaHabl Compute.

Mepedopmmpyem ceTky B [OepeBe OOBLEKTOB, W3MEHMB TIMMNOTES3bI
dopmupoBaHuss cetkm NETGEN 3D Simple Parameters 1 n nogcetku

NETGEN 2D Simple Parameters_1, kak nokasaHo Ha puc. 39.
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= Hypothesis Construction v & X

& Netgen 3D simple parameters
[Arguments

a5y
_) Number of Segments

(.-,n Local Length 0.005 |&

- Hypothesis Construction ¥ o)X

“’f Netgen 2D simple parameters

5>
) Number of Segments

(y Local Length 0001 )

Puc. 39. ameHeHune rmnoTesbl popMMpoBaHNSA CETKMN.

[MponssecTn nepecye€t ¢ nomolibio KomaHgbl Compute. lNonyyutcs

CeTKa 1 noaceTka ¢ ognHaKoBbIMU PaCCTOAHUAMU MeEXOY Yy3aMun (pVIC. 40).

O ¥ e M e e STt B OWGR
] Computemeshy

21 - viewer:1 VTK scene:l -

sy oosccomay o

ame

Mesh3D_01

[Mesh Infos

Total
Nodes : 689

0D Elements: 0

Edges: 252

Faces : 1162
Triangles : 1162
Quadrangles: 0
Polygons : 0

Volumes : 2141
Tetrahedrons : 2141
Hexahedrons: 0
Pyramids : 0
Prisms : 0
Polyhedrons : 0

Puc. 40. lNepecuntaHHas ceTka.

YnpaxHeHue 3. Ikcnopt ceTkn n3 Salome B OpenFoam
[Ons Hayana Tpebyetca co3gatb B Salome rpynny (Mesh — Create

Group), otmeTnTb Volume n B ctpoke Mesh BbIGpaTe Heobxoanmyo ceTky
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(Hanpumep, Mesh3D_01). lanee otmetutb Select All u HaxaTe Apply and
Close. [anee BbibpaTb camy ceTky (MMEHHO CeTKy, WHaye npoBepKa
checkMesh BblgacTt owmnbky) n coxpaHntb dann (File — Export — UNYV file)
B KOpHeByto nanky npoekta OpenFoam (Tyga, roe Haxogatcs nanku O,
system, constant). QkcnopT ceTkn B OpenFoam ocyliecTBnseTcsa ¢ NOMOLLbIO
komaHabl ideasUnvToFoam filename.unv. [Janee Beectn checkMesh ans

NPOBEPKM NPaBUIbHOCTU UMMNOPTa CETKM.
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JlabopaTtopHasa pabota Ne4
Tema paboTbl: TeueHne B Tpybe ¢ 0OpaTHbIM YCTYNOM U CYy>KEHUEM.
Lenb: PaccmoTpeTb npuMmep MOAenMpoBaHUs NaMUHAPHOrO TeyeHus
HEeBA3KOro rasa B Tpybe ¢ obpaTHbIM YyCTYNOM U CY>KEHUEM, U3YYUTb MOAENM

Xngkocten goctynHole B OpenFoam.

NocTtaHoBKa 3apauun

Obnactb wumeeT 2 wu3MepeHWd, COCTOMT M3 KOPOTKOro BXxoAa,
obpalleHHON Haszag Mo MOTOKY CTYMeHW W KOHycoobpasHoro consia Ha
BbIXOAe.

HavanbHble ycrnoBus:

U=0wmlc, p=0ITa.

["paHn4HbIE yCNOBUA:

» Bxopg (cneBa) ¢ gomkcnposaHHon ckopocTtbto U = (10, 0, 0) m/c;

* Boixog (cnpaBa) ¢ pukcmpoBaHHbiM gasneHvem p = 0 lMa;

* Ycrnosus npununanuna (noSlip) K CTeHke Ha ocTanbHbIX rpaHuuax ang
CKOpPOCTMW.

[(NaBHble ypaBHEHUS:

*YpaBHeHNe HepaspbIBHOCTU ANS HECXKNMAaAEMOW XUOKOCTH

V-U=0.

* YpaBHeHue Konn4ecTBa OBWXEHUS ONns YCTONYMBOIo NOTOKa

V- (UU) +V-R=-Vp,

roe p — KMHemaTuyeckoe pfaBrieHve U (YynpoweHHo) R = verVU —
KOMMOHEHTa BA3KOro HanpsXeHnd C 9(P@EKTUBHON KMHEMATUYECKON
BA3KOCTbIO Veff, BbIYMCIIEHHAA W3 BblOpaHHbIX MoOAenen mnepeHoca WU

TYpOYyneHTHOCTW.
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Xoa paboTbl

YnpaxHeHue 1. 3anyck nporpamMmmbli

1. N3 nanku C:/Program Files/blueCFD-Core-2017/0OpenFOAM-
5.x/tutorials/incompressible/simpleFoam/ ckonupynTte nanky pitzDaily B
BaLLly nanky.

2. Knnknye no nanke C:/$BALUA_TAMNKAS$/pitzDaily npasoit KHOMKoW
MbIwn, Bblibepute «Open in blueCFD-Core terminal».

3. KomaHgou blockMesh noctpounTtb ceTky.

4. B nanke C:/$BALWA MAMKA$/pitzDaily/system  Hanigute  daiin
controlDict. B aTom (panne ectb cTpoka:
application simpleFoam,
KOTopas YykasblBaeT Ha TO, KakOW pellatenb WCMNOoSb3yeTcsd. IJTO
O3Ha4aeT, YTo, YTOObI 3anyCTUTb peLleHne NporpamMmmbl, B KOMaHOHON
cTpoke Hago BBecTu simpleFoam. SimpleFoam: BbinonHAeT pacuyer
01151 YCTONYMBOIO HECXKMMAEMOro MOTOKA.

5. 3anyctute cyeT KoMmaHgon simpleFoam.

6. Busyanunsupynte pelueHue.

YnpaxHeHue 2. UameHeHUe rpaHUYHbIX YCITOBUMN

B dpainne U (C:/pitzDaily/0) HaxogaTca kKpaeBble yCnoBus AS151 CKOPOCTW.

N3MeHUTe TONbKO BEPXHIOK rpaHuuy, Hanpumep, NoCTaBUTb YCIoBUE
HenpoHuKHoBeHUs — zeroGradient, Ha BbIxoge M3 Tpybbl NOCTaBbTE YCOBME
noSlip. CHoBa 3anyctute pewaTtenb (NpegBapuTesibHO yaanue M3 nanku
npegblaylliee peleHue).

CpaBHUTE NONMy4YnBLLEECS PELLEHNE C NPeablayLLmM.
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YnpaxHeHue 3. UI3MeHeHUue TpaHCNOPTHOU Moaenu

B OpenFoam cywecTtByeT 6ubnuoteka mogenemn XWUOKOCTW, Kaxaas
MoAdenb uMeeT COOBCTBEHHOE YypaBHEHME, ONUCbIBalOLLEE 3HAYEeHue
KMHEMaTMUYECKON BA3KOCTU U €€ CBS3b CO CKOPOCTbIO Aedopmanmn.

Mopgenu xugkocten n npumMeTsbl BBOAa 3HayveHnn B transportModel:

Newtonian — HbOTOHOBCKad Moaerb, KMHemMaTudeckas BS3KOCTb V —
nocTosiHHas Benu4ynHa (puc. 41):

v = const

it
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11}
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s
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Puc. 41. HbtoTOHOBCKaa Moaenb KUHEMaTUYECKOW BA3KOCTW.

Bird-Carreau model:

n—1i

V= vm + {:vﬂ - vm)[l + {:k}}]a]T’
roe v, U Vpg — KMHeMaTny4eckaa BA3KOCTb Mpu OecKkOHeYHOn Un HyJ'IeBOﬁ
CKOpPOCTHU ﬂ,erOpMaLl,l/ll/l COOTBETCTBEHHO, NapamMeTp a nNo ymoJi4aHno nMeeT

3HayeHue 2, ¥ — CKOpOoCTb Aedopmauumm, N n kK — napaMmeTpbl peonorm4ecknx
mozaenen (puc. 42).

|5
k
ka3 b
I
;
m
I

Puc. 42. Mopens Bird-Carreau.

Cross Power Law model (puc. 43):
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roe m— napameTp peonormyeckon mogenu (puc. 43).
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Puc. 43. Mopenb Cross Power Law.

Power Law model — cTeneHHaa mopenb OrpaHnyMBaeT 3HadeHue

BA3KOCTM B OMpedenéHHOM [AuanasoHe OT MUWHUManbHOW V., [0

MaKCUMaIsibHON Vo, ., (pUC. 44):

— »n—1
v =Kky Viin =V <= Voo

cransportHodel powerbLaw;
e -

powerbawloeIrs

-

[
e _ _ e m m om s -
nu<ax nuax &4 —4 le—Uar
. e T 2 =1 a0 000 -5
OAEAT nneEarT F le v

P T T a—i5

Puc. 44. Mopenb Power Law.

Herschel-Bulkley model — mogenb Xepwena-banknm

; To ,n—1
v = min(v, ,? + ky ),

3geCb Tp — npenerst TeKy4YecCTu BSA3KOMMNACTUYECKON XUAKOCTU, AN

CTENEeHHOM XWOKOCTU paBHbIM Hymnw. Hwxke onpefeneHHoOro npenenbHoro
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3HaYeHUsa HanpshkeHuin cpefa BedeT cebsa Kak TBepaoe Teno, Bbille 3TOro

npegena — Kak Hecxxnmaemas BA3kasa Xugkoctb (puc. 45).
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Puc. 45. Mogenb Xepuwensa-banknu.

B danne transportProperties (B nanke constant), nameHnte tvn mogenmu
XungkocTtu B cTpoke transportModel. CpaBHUTE nonyyeHHble pe3ynbTaTbl AN

moaenen Newtonian n BirdCarreau.

YnpaxHeHue 3. I3ameHeHUe napamMeTpoB pacyeTa

B dgranne controlDict npucsonte 3HavyeHne 150 BpemeHu, korga pacyer
3akaH4ymBaeTca (endTime), n 3HayeHne 10 — wmHTepBany, 4Yepes3 KOTOPbIN
npousBoauTCA 3anucb pacydeTta (writelnterval).

[MponsBeanTe pacyeT M npoaHanmsnpynute Mnoslyd4eHHbIW pe3ynbTar.
Buayanuaunpyinte peweHune ¢ nomowbto ParaView, nobasbte dounbtp Glyph,
4yTOObl YBMAETH pacnpeneneHne CKopocTen no HanpasneHnio B NOoToke. [1ns
bonee ygobHOro BOCNpUATUA YMeHbLUMTE KonNuyecTso cTpenok go 500 (6nok
Properties, none Maximum Number Of Sample Points — yncno BekTopos), a
nx pasmep ymeHbLunTe B 2 pasa (none Scale Factor — macwtab BeKTOPOB, B

BbiNagarLem MeHto Bblbepute MHOXUTENDb 0.5X) (pyc. 46).
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Puc. 46. lameHeHne konnyecTBa BEKTOPOB 1 UX MacwiTaba.
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JlabopaTtopHasa pabota Ne5

Tema paboTtbl: O6TekaHne 6pyca.

LUenb: PewuTb 3agady o nniockonapannenbHoM obTekaHun Opyca
HEeCXKMMaeMoun BA3KOW XMUAOKOCTbIO Mpu pasfnnyHblx yucnax PenHoneaca. Ans
dopmupoBaHus reomeTpum ucnonbdyetca napametrp h = 10cm (0,1m).
Ncnonb3oBaTtb Mopgenb k-omega SST. CdopmupoBatb reomeTputo
pacyeTHon obnactn cpegctBamm SALOME (GEOMETRY) B 6no4HO-
rekcasgpanbHOM BuAe; OnMpefennuTb Ha reoMeTpum MNOBEPXHOCTU ASIS
3aJaHuns rpaHNUYHbIX YCIOBUIM; NOCTPOUTL rekcasgparibHyr0 PacHETHYIO CETKY
cpeacteamn SALOME (MESH); B nakete OpenFOAM nposecTtu pacyer
CTauMoHapHOro CoCTosHUA ana ogHoro na cneaytowmx ymcen Re: 100, 1000,
10000, 100000; no pesynbTatam pacyeta B nakete ParaView noctpoutb
nosfisi CKOPOCTU U [aBfeHusi; MNOCTPOUTb pacnpeneneHve pasfieHna o

nepumeTpy bpyca.

YcnoBus 3apaum

Ycnosust 3aaayu nokasaHbl Ha puc. 47.

U=1m/c

Yoc

Bbixon

i
Uoc

50h |

= ~1

Puc. 47. YcnoBus 3agaydn o6 o6tekaHun bpyca.
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Xoa paboTbl:
1. Co3gaHune 6no4yHoOMN reomeTpumn
[To cxeme pacdeTHoM obnactu cosgagum 6ro4Hy0 reomeTtputo. [Ons
9TOro cosgante napannenenunen, Haxas Create a Box v ykaxute ero

paamepsbl (puc. 48).

s BN U NS L R DRSO ARl BEDC
PU%N TP 0 PN TR E - | FRSIDS /D
@ @

Object Browser |axy| Afrarens -

& MName &ﬁmm&p@ap‘#@ﬁfi@a

- 63 Geometry

z Box Construction
Box
O OF |
Result name
Name |Box_1
Dimensions At Origin

Dx: [0.71

Dy: [0.41

Ae] a4

Dz: |0.01

Apply and Close Apply Close Help

Puc. 48. Co3gaHune napannenenunega.

Haxmute Apply n cosgante ewé onvH napannenenvnen MeHbLUMX
pasmepoB (puc. 49). Haxmute Apply and Close. [lepemectute ero c
nomoLubto onepaunn Translation, npegsaputensHo ybpas dnaxok ¢ Create

a copy (puc. 50).
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Box
O@

Result name

MName |Box_2

Dimensions At Origin

D : |0,01

Dy: 0.01

Dz: |0,01|

|Apply and Close| | Apply | |

Puc. 49. CosgaHune napannenenvnega MeHbLUMX pa3MepoB.

Translation
OF

Result name

Mame Translation_1

Arguments

Objects El |Box_2

Advanced options

[] set presentation parameters and sub-shapes from arguments
Add prefix to names of restored sub-shapes
Preview

Apply and Close| | Apply | |

Puc. 50. lNepemelueHre napannenenunea.

C nomouwbto normyeckon onepaumm Cut BbipexbTe Box 2 n3 Box 1
(puc. 51).
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- Cut Of Objects ?
Cut
® 5

Result name

Mame |Cut_1

Arguments

Main Object ? Box_1
Tool Objects Box_2
Detect Selfintersections

Advanced options

[] set presentation parameters and sub-shapes from arguments

Add prefix to names of restored sub-shapes

Apply and Close Apply Close Help

Puc. 51. NpumeHeHne nornveckon onepaunm Cut.

Tenepb HeobOXoOMMO MOCTPOUTL 4 CeKywMe MNOoCKOCTN, KOoTopble
noaensaTt nonyyYnslunncs odbekT Ha 8 6rokos. [nsa atoro HaxmuTte Create a
Plane n nocrtponte NNoCKOCTb MO MpuHagnexaiwen en Tovke (B KayecTse
TOYKM YKaXXUTEe BepLunMHy Box 2) n BEKTOpYy HOpManu K 3TOW MNOCKOCTU
(HanpaBbTe ero BAosnb pebpa Box_2) (puc. 52). Taknum xe obpasom cosgante

eLie Tpu nrocCKoCTH.
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TN E LB ..".i."'-ll +* Plane Construction ? —

Sl PN P B GO FA ST Plane
Cigr - - - P
a= Rt rame
- pREE s 82 LY o
b Plane Construction T Bt + Wector
CF - - - w» —_— @
P Sam ofpiane ¢ | 2000 -
Mawe Mare L
Poink + Vechor
Pt 4 I
— ¢ * Plane Construction ? —
Sire of plane ¢ | 2000
Plane
Moy nd Ccse| | sy Close rieia O & - - & o
Rent rame
Mo Pl 1
Pont + Vetor
Boirt @
& x Vector &

Sore of plane ;000

ool Close| ol Case Help o
]

Puc. 52. [NocTpoeHne nnockocTu.

Hanee HaxmuTte Partition 1 pasgenute Cut_1 ¢ nOMOLLbIO NOSTyYEHHbIX
4 nnockocten Ha otgenbHble 6rokn (Solid) (puc. 53). Takum cnocobom

noJsiydyaeTcd eanHbI 0OBbEKT, COCTOSALLNK N3 BNTOKOB.
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CN%T0P0/8 FN IOEBLO PAJ

@ ~«
Object Browser 8 X QCC scene:2 - viewe
@ MName
4 B3 Geometry
@ + 0 .
&  oX Partition
@ S0Y oF |
@ 0L
@ i@ Box 1 Result name
@ @ Box 2
. & Cut 1 Mame |Partition_1

Plane_1

Plane_2
Plane_3

Partition

Objects @ | cutt

Tool Objects 4_objects

[

[=

[=

[=

[ Plane_4
@ Mesh

Resulting Type | Solid
["] Keep shapes of lower type
[] Mo sub-shapes intersection (Compounds only)

Detect Self-ntersections

Advanced options
[] set presentation parameters and sub-shapes from arguments
Add prefix to names of restored sub-shapes

Apply and Close Apply Close

Object Browser MoteBook

Puc. 53. NpumeHeHne onepauunn Partition.

2. NMocTpoeHmne pacv4eTHON CEeTKU

Hanee Heobxoanmo nepentn B Moaynb Mesh n cosgatb Ha 65104HON
reoMeTpum pacyeTHyro ceTky. [nsa atoro Haxatb Create Mesh, BbibpaTh B
KadecTBe reometpum gna pacdeta Partition_1, B kayectBe anroputma —

Hexahedron (i,j,k) (rekcasgpansHble auenku) (puc. 54).

A0v

®

@ A 0L

@ @ Box 1 Mame Mesh_1

b

(z b : E?;:‘:_ Geometry |z| Partition_1

@ = [l Plane_1 Mesh type Any

@ = [l Plane_2

@ = [l Plane_3 ) 2D 1D oo

@ = [l Plane_4

. BT oo ek (38
& Mesh Hypothesis

Add. Hypothesis

<MNone =

Apply and Clase

Apply

Assign a set of hypotheses

Close

Puc. 54. Co3gaHue ceTku ¢ rekcasgparnbHbIMU SSYENKaMu.
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Takke HeobxoAMMO HasHa4yuTb MMNOTE3bl ANs pacyeTa C MOMOLLbIO
HaxaTus Assign a set of hypotheses. B Bbinagatowem cnncke Bolbpats 3D:

Automatic Hexahedralization 1 B ctpoke Number of Segments ykazats 10
(puc. 55).

“a Number of Segments
Arguments

MName

|Number of Segments_1

Number of Segments |1[J

Type of distribution |Equidi513nt distribution

| ok || Cancel |

Puc. 55. YkasaHue 4ncrna cerMmeHToB A4 rmnoTesbl NOCTPOEHUS CETKN.

Paccuntaem ceTky ¢ nomoLubto komangbl Compute (puc. 56).

Puc. 56. MNonyuymBluascs ceTka onga 3agayun o6 ob6tekaHumn Gpyca.

[anee Heobxognmo nepentn B Moaynb Geometry M ¢ NOMOLLbIO
onepaunmn Explode pa3bute Partition_1

Ha oOTAeNbHblE MOBEPXHOCTU
(puc. 57).
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deaERLe PASIING

i OCC scene:2 - viewer:1
lotlrmmler@mrreBd e

Sub-shapes

© @

Arguments

Main Object E |Partition_t |

Sub-shapes Type |Faca S |
Show only selected

[] select Sub-shapes Hide selected

Show &l sub-shapes

Filter

1<

Less Than Apply

Greater Than Plot

| Close | | Help

Apply and Clcse| ‘ Apply

Puc. 57. Pa3buneHwne Partition_1 Ha oTaenbHble NOBEPXHOCTM.

Tenepb HeobxoaMMO OObLEAUHUTL MOBEPXHOCTU, MNpuHaAnexaiumne
BHELLHNUM CTEeHKaM KaHana, B CoOoTBeTCTBywowwme rpynnbl. Ona ©onee
yaobHon paboTbl nepeMMeHymTe MOBEPXHOCTU, COCTaBMSOWME BXOAHYHO
(inlet) cTteHky B i1, i2, i3, BepxHtoto (upper) ul, u2, ud un 1.4. (puc. 58). CTeHku

bpyca (cubeWalls) Takke crnegyet o6beauMHUTL B rpynny.

- s oo

@ < 0¥

@ ~ 0L

@ @ Box_1

@ @ Box_2

@ @ Cut_1

@ > [l Plane_1

@ > [l Plane_2

@ > [l Plane_3

@ > [l Plane_4

@ 2 @ Partition_1
*Cut_1
*Plane_1
*Plane_2
*Plane_3
* Plane_4

il
i2
. b i3

Object Browser NoteBook

Information

Parameter Value

Puc. 58. NepenmeHoBaHne NoBepXHOCTEN.
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Hanee cnepoyetr nepentu B Moaynb Mesh wn crpynnupoBatb
NMOBEPXHOCTU MO MX NPUHAANEXHOCTU cTeHkam. Haxmem Create Group, B
nosismsBLUeMcsi okHe Bblbepem ansa cetkm Mesh_1 tun anemeHTta Face, Tun
rpynnbl Group on Geometry, HazoBeM rpynny «inlety, B none Geometry
Bblbepem Direct geometry selection n gobasum, yaepxumsas knasuwy Ctrl,
nosepxHoctn i1, i2, i3. Haxmem Apply (puc. 59). AHanorndyHbim obpasom

co3gaavM elle 6 rpynn Ans oCTaBLUMXCS CTEHOK.

Cut 1 - Create Group

Plane_3 Mesh @  Mesh_1
Elements Type

(O Mode () oDElement (U Ball () Edge @ Face () Volume

T
't '

Name inlet
Group type

() standalone group  (®) Group on geometry () Group on filter

Geometrical Object |@®| |3 Objects

ER A -
SEJETESIS
"

==

TmITTToE T
FITadIEd
©

fARA R R
o

eEoaE

IEEEEENESNESEENEEEENEEEEEEEEE
SEITE
b

TcTmao
gl B &
o

Color group

S]]
I3
e
"
®

Color ||

EE
2

o o £
LSRG

Apply and Close Apply Close Help

o

v

Puc. 59. 'pynnupoBKka NoBEpPXHOCTEN AN CO34aHUS CETKM.

Boibepem Mesh_1 n coxpanHnm UNV chann B KOpHEBYIO narnky npoekra
OpenFoam. B kayecTBe KOpHEBOW Nankm NCnonb3ynTe Konuo nanku pitzDaily

13 npeablgywen paboTol.

3. HavanbHble ycnoBua
[Mocrne co3gaHna ceTkM criegyeT 3ajaTb  HavalribHble  YCIOBUS:

HeBO3MYLLIEHHble nonsa AasneHus (p), ckopoctn (U), KMHEeTUYEeCKon 3Heprum
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TypbyneHtHoctTn (k), 4acTtoTel guccunaumm  KUHETUYECKOW  SHeprum
TypOyneHTHoCcTN (omega), TypOyneHTHOM BA3KoCcTM (nut). ®annbl ocTanbHbIX
BeNu4YunH B nanke «0» Heobxoammo yoanuTb.

B HyneBon momeHT Bpemenun p=0, U=(0 0 0), k=1e-3, omega=1, nut=0.

4. ['paHUYHbIe yCNnoBUA

e Ha Bxoge (inlet) — 3apaetca U (Ux=1m/c) (T.e. (1 0 0)), k=1e-3,
omega=1, nut=0 (Tun fixedValue (dukcupoBaHHas BenunumHa) gna U, K,
omega n Tun calculated gna nut). Hyneson rpaaneHT (zeroGradient) ons
OaBneHus.

e Ha Bbixoge (outlet) — 3apaetca gasnenne p=0 (Tun fixedValue),
nut=0 (Tun calculated), Hynesble rpaameHTsl ana U, k, omega.

e Ha cteHkax kaHana (upper, lower, front, back) — ycnosue
npockanb3biBaHuA (slip) ana Bcex BenuuuH, Kpome nut, ANS KOTOpPOW Ha
BEPXHEN upper n HWKHen lower rpaHnuax 3agaetcs npucTeHovHas yHKUns
(type nutkWallFunction; value uniform 0, nepBas cTpoka B dhanne — Tun
(MpucTeHOYHasa PyHKUNSA), BTOpas — €€ BeNnuyunHa).

e Ha cteHkax 6pyca (cubeWalls) — ycnosue npununandma (noSlip) ans
CKOpOCTW, npucteHoudHble dyHkummn ansa k (type kgRWallFunction; value
uniform 0.375), omega (type omegaWallFunction; value $internalField;) n nut
(kak ansa upper u lower), ycnosue HenpoHuuaemocTu (zeroGradient) ona p.

B dganne «boundary» (13 nankun polyMesh) 3ameHuTe Tunbl CTEHOK Ha

wall (kpome inlet n outlet, y H1X ocTaeTtca patch).

5. KoHcTaHTbI MOogenu

Ncxoas m3 3agaHHbix h (10cM o ymonyaHuio) U CKOPOCTU Ha BXode
(1m/c no ymon4yaHuio) BbibMpaeM Takyt BA3KOCTb, YTOObI COOTBETCTBOBanNa
3agaHHoMy vncny Re:

1) Re=100, Baskoctb — 1e-4 (npn h=10cm, Ux=1m/C)
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2) Re=1000, Baskoctb — 1e-5 (npn h=10cm, Ux=1m/C)
3) Re=10000, Baskoctb — 1e-6 (npn h=10cm, Ux=1m/C)
4) Re=100000, Bsazkoctb — 1e-7 (npyn h=10cm, Ux=1Mm/C)

6. NMapameTpbl cyéTa

[ns nepBbIX OBYX Cly4yaeB MOXHO HE MCMOSfb30BaTb MOAENMPOBaHME
TypbyneHTtHocTn (turbulence off B danne turbulenceProperties), ansa
TpeTbero u 4erBeptoro obgasatenbHo (turbulence on B  panne
turbulenceProperties). Mogenb TypbyneHTHocTM — kOmegaSST (3agaHa
nocne cnosa RASModel B ToMm Xe danne).

3agaB KOHCTaHTbI MOAEeNu nepexoamm K napametpam cyéta. Pacuet
NPOBOAUTCA MO UTepaumnam (war no spemenun = 1), BbiBo4 Yyepes kaxable 10
unn 100 waroe. Obwee vncno mntepaummn — 150 unn 1000. KoadbdpuumneHT

penakcauuu ans ckopoctu: ry = 0.9 (puc. 60), 3agaH B hanne fvSolution.

relaxationFactors
{
egquations
{
u 0.%9; f// 0.9 iz more stable but 0.95 more convergent
mo=m 0.9y ff 0.9 iz more =table but 0.895 more convergent

Puc. 60. KoadhdmumeHT penakcauum gnsa CKoOpocTMu.
PeweHusn

PeweHns otobpasute ¢ nomowbto ParaView (puc. 61), cmoTpeTb

CKOPOCTb.
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Bapuanm 1

BapuaHm 3

Puc. 61. NpumepHbIn BN peweHns 3agadm ob obtekaHum 6pyca.
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CamocToaTenbHasa pabota Ne1

Tema paboTtbl: O6TekaHue coepbl.

Uenb: Pewntb 3agady o TedeHnn BOKPYr cpepbl HECXKNMMaeMON BA3KOM
Xugkoctn npu yncnax PenHonbaca 10000 n 100000: co3gaTb reoMeTpuio m
ceTky (TeTpasgpanbHyk) cpeactBamm SALOME; 3apgaTb rpaHu4Hble
ycnosus;  cpeactBamm  naketa  OpenFOAM  BbINONHUTL  pacyeT
CTalUMOHapPHbIX NOSIEN CKOPOCTU M OaBfeHUst Anst 04HOro M3 NpeanoXeHHbIX
yncen Re; BbINOMHUTL BU3yanusauuilo MOMyYeHHbIX AaHHbIX CpeacTBaMu

naketa ParaView.

YcnoBus 3apaum
YcrnoBua 3afayv nokasaHbl Ha puc. 62, anametp cdepbl d=10 cm,

OCHOBHas urypa — ky6.

5d

Beixon

5d

5d

Puc. 62. Ycnosus 3agadn o6 o6tekaHun cdepbl.

Xopa paboTbl:
1. MocTpoeHne reoMmeTpmMmn U pacy4eTHOMU CEeTKMU
CpeaoctBamm Salome co3gaétcst reoMeTpusi, kKak Ha puc. 63, U
pacyéTHas ceTka, kak Ha puc. 64. Cdepa 3agaétca ¢ nomoulblo obbekTa
Sphere n napameTtpa paguyc (Radius).
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CHavana pekomMeHOyeTcs co3gatb Kyb, COCTaBnSAWWA  OOHY
YETBEPTYKD 4YacTb OT OCHOBHOMW uUrypbl, NMOMECTUB JIEBYIO HWKHIOWO €ro
BEPLUMHY B Hayana koopauHat. Tygoa Xe MNOMeCcTUTb UEHTp cdepbl U

Bblpe3aTb €€ n3 kyba (puc. 65) ¢ nomolbto onepaumm Cut.

Puc. 64. PacuétHas ceTka 3agaymn 06 ob6TekaHum cdepbi.
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Puc. 65. Kyb c Bblpe3aHHOW cchepol.

Hanee c¢ nomowbio onepaumm Rotation (BpaweHue, Heobxognmo
nosopaymeaTtb NepsBbin Kyd BOKpyr ocu x Ha yrnbl 90°, —90° 1 180°) nonyynTb
NOSIOBUHY UCXOAHOW ourypbl, MNokKa3aHHyl0 Ha pwuc. 66. [llocne artoro c
nomoubio onepaumn Mirror Image (3epkanbHoe Kn3obpaxeHue, oTpaxaTtb
OTHOCUTENBHO TOYKM O) OTpasuUTb KaXAbl U3 YETbIPEX KYOUKOB, NONy4NTCH
ncxogHasa dwurypa, cocroswas u3 vacten. [anee obbednHWTb YacTb,
nokasaHHyK Ha puc. 66, B ogHy durypy (06beamHAaTb cpasdy no 4 4actu),
npogeniatb TO Xe camoe AN 3epKarbHOW YacTu, nosnydmslumneca 2 dourypeol
obbeauMHUTL B oaHy. [locne atoro HeobxoOMMO C MOMOLLBIO onepauun
Explode pa3butb nony4yeHHyo urypy Ha otaesibHble MOBEPXHOCTU, KOTOpbIe
cnefyeTt rnepenMeHoBaTb B COOTBETCTBYIOLIME FPaAHUYHbIE CTEHKW, BKIIOYas

BHYTPEHHIOK CAEPUYECKYIO rPaHNLLY.
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Puc. 66. NonosnHa ncxogHon ourypeoi.

Hanee B moayne Mesh cosganTe pacyeTHyH CeTKy A9 UTOroBou
durypbl. B kayectBe anroputma Bbibepute NETGEN 1D-2D-3D, runotesbl —
NETGEN 3D Simple Parameters, B nyHkte 1D Bbibepute Local Length u
3agante eé pasHou uncny v (3,14159), B ocTanbHbIX MyHKTax paccraBbTe
ranoykun. lNocne aTtoro crpynnMpynTe MOBEPXHOCTU MO UX NPUHAASIEXHOCTU

CTEHKaM W SKCMopTUpymnTe bann ¢ CETKOW B Nanky nNpoekTa.

2. KpaeBble ycnoBus

Nocne co3gaHus ceTkM cnefyeT 3adaTh HadanbHble  YCNOBUA:
HeBO3MYLLEHHble nonsa AasneHus (p), ckopoctn (U), KMHETUYEeCKOn 3Heprum
TypbyneHtHocTM  (K), 4acToTbl AMCCUMaUMM  KUHETUYECKOW  3Heprum
TypbyneHTHOCTN (Oomega), TypbyneHTHoM BA3KOCTM (nut). ®annbl ocTanbHbIX
BENM4YMH B nanke «0» Heobxogmumo yaanuThb.

B HyneBon momeHT Bpemenun p=0, U=(0 0 0), k=1e-3, omega=1, nut=0.

['paHn4HbIE yCnoBUSA:

e Ha Bxopge (inlet) — 3apaetca U (Ux=1m/c), k=1e-3, omega=1, nut=0
(tun fixedValue gna U, k, omega n Ttun calculated ans nut). Hynesow

rpagmneHT and gaBJlieHU4A.
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e Ha Bbixoge (outlet) — 3apmaetcsa pasnenne p=0 (tTun fixedValue),
nut=0 (Tun calculated), HyneBble rpagneHTbl ons U, k, omega.

e Ha cteHkax kaHana (upper, lower, front, back) — ycnosue
npockanb3biBaHus (slip) Ansa Bcex BenuumH, Kpome nut, Onsi KOTOpPoOW Ha
BEPXHEN upper 1 HWKHen lower rpaHnyax 3agaetcs npucTeHovHas pyHKUnA
(type nutkWallFunction; value uniform 0, nepsasi cTpoka B dhanne — Tunm
(MpucTEeHOYHasa OyHKUMSA), BTOpasi — €€ BENMYNHA).

e Ha cteHkax cdepbl (sphere-walls) — ycnosue npununanusa (noSlip)
AN CKOpOCTU, NpUcTeHouYHble doyHkumn ana k (type kgRWallFunction; value
uniform 0.375), omega (type omegaWallFunction; value $internalField;) n nut

(kak ons upper u lower), ycrnosue HenpoHuuaemocTun (zeroGradient) ans p.

3.KoHcTaHTbI Mogenu

Ncxoas na 3agaHHbix d (10 M No ymonyaHuilo) U CKOPOCTU Ha BXode
(1m/c no ymon4yaHuio) BblbMpaem Takyto BA3KOCTb, YTOObI COOTBETCTBOBAsa
3agaHHoMy uuncny Re:

1) Re=10000, BaskocTb - 1e-6 (npun d=10cm, Ux=1m/C)

2) Re=100000, BsaAskocTb - 1e-7 (npun d=10cm, Ux=1m/C)

4. MapameTpbl cyéTa

Pacyetr npoBoautca no utepauusm (war no BpemeHn = 1), BbIBOA
yepes kaxagble 10 nnm 100 waros. Obwee uncno utepauun — 150 nnn 1000.
KoahpumumeHT penakcauum gna ckopoctu: ru = 0.9, 3agaH B dhanne

fvSolution.

PeweHus

PeweHunsa otobpasntb ¢ nomoLubto ParaView (puc. 67).
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U Magnitude
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Puc. 67. NpumepHbI BUA pewleHns 3agayvm o6 obtekaHum cepsbl.
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