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KpaTKuit 0630p peluaTesieit NoToka

SIMPLE

PISO
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FLUENT nosBosisieT BbIbpaTb OAMH U3 ABYX YNCNEHHbIX METO/0B:
P pelsatenb, OCHOBaHHbIN Ha faBAEHUM.
P pelatenb, OCHOBaHHbIN Ha NJIOTHOCTU.

NcTopUYECKM CNOXKMIIOCH, YTO MOAXO[, OCHOBaHHbIM Ha JaBneHuu, pa3pabatbiBacs Ans
HU3KOCKOPOCTHbIX HEC)KUMAaeMbIX MOTOKOB, B TO BPeMsl Kak NoAXof,, OCHOBaHHbIM Ha NoT-
HOCTW, B OCHOBHOM MCIOJIb30BasCsA AJ151 BbICOKOCKOPOCTHBIX CKMMaeMbIX MOTOKOB. OfIHaKo
B nocneaHee BpeMs 06a MeToa 66111 paclunpeHbl M nepedopMyIMPOBaHbI A5 peLleHns
M paboThbl B LLMPOKOM [IMAMNa3oHe YC/I0BUIM NMOTOKA BHE UX TPAAULIMOHHOIO UM NepBOHa-
Ya/IbHOro HasHayeHus. B 06oux MeToax noJsie CKOPOCTU NOJYyYaeTcs U3 ypaBHEHUIA KOU-
yecTBa JBMXXeHUs. B noaxome, OCHOBaHHOM Ha MJIOTHOCTU, YPaBHEHWE HEMPEPbIBHOCTU
Ucnonb3yeTcs Aas NoayyYeHus noss NJOTHOCTH, B TO BPEMSA KaK NnoJse AaBaeHus onpeaens-
€TCA U3 YPaBHEHUSA COCTOSIHUSA.

C A pyroi CTOPOHbI, B OAX0/le, OCHOBAaHHOM Ha JaB/IeHUU, NoJie AaBNeHUs NoayyaeTcs pe-
LLIEHWEM YPaABHEHUS AABAEHUS UAN YPABHEHMSA MONPaBKU AaBAEHNS, KOTOpOe NnoJlyyaercs
OCHOBHbIMW YpaBHEHUSIMU HEMPEPBLIBHOCTU U KOJIMYECTBA JBUKEHUS.

(Solution) 3/36




Mcnonb3ys nobom Mmetos, FLUENT 6yaeT pewatb onpeaenstoume MHTerpaabHble ypaBHe-
HUS COXpaHEHWUS MacChl M KOIMYECTBA ABMXEHMSA M (KOrAa COOTBETCTBYET) SHEPIrUKU 1 Apy-
rMX BEJIMYMH, TAKMX KaK TypOYNEeHTHOCTb M XMMUYECKME KOMIMOHEHTbI. B 060mx ciyyasx
MCMONb3YEeTCS METO/,, OCHOBAHHbIN Ha KOHTPOJIbHOM 06beMe, KOTOPbIN COCTOUT U3:

P [leneHune 061acTM Ha ANCKPETHbIE KOHTPOJIbHblE 06BEMBI C UCMOIb30BaHUEM BbIYMC-
NIUTENBHOM CETKW.

P UNHTerpupoBaHue onpeaenstolmx ypaBHEHUIA MO MHAMBUAYAIbHBIM KOHTPOJ/IbHBIM
06bEMaM A8 co3gaHus anrebpanyecknx ypaBHeHU A8 JUCKPETHbIX 3aBUCUMBIX
nepeMeHHbIX (“HensBecTHbIX”), TaKMX KaK CKOPOCTU, AaBAeHUe, TeMnepaTypa 1 coxpa-
HSieMble BEJINYMHBbI.

P JInHeapusaums AUCKPETHbIX YPABHEHWUI U peLleHne Pe3yNbTUPYIOLLLEN CUCTEMbI NN-
HEMHbIX YPaBHEHW, YTOObI MOAYYUTb N3SMEHEHHbIE 3HAYEHWNA 3aBUCUMBbIX NEpeMeH-
HbIX.

0O6a YMCIEHHbIX METOAA UCMOJIb3YIOT NMOA06HbIN MPOLECC AUCKPETU3aLmMM (KOHEYHbIN 06b-
€M), HO MoAX0oA, UCMONbL3YEMBIN AN IMHEAPU3aLMU U PeLieHUs AUCKPETHbIX YPaBHEHWUN,
ABJIAETCS PA3J/INYHbIM.




KpaTkuii 0630p peluatenei noToka

Peluatenb, OCHOBaHHbIN Ha AABJIEHUA

Peluatenb, OCHOBaHHbIM Ha AaB/IEHUN, UCMOb3YET arOPUTM, KOTOPbLIN MPUHAANEXUT 06-
LLLeMY KJlacCy METOA0B, Ha3blBaEMbIX METOL,0M MPOEKTUPOBaHMA. B MeToae npoeKTupoBa-
HUSI JOCTUraeTcs orpaHUYeHne CoXpaHeHUs Macchl (HenpepbIBHOCTA) MOAS CKOPOCTU pe-
LLIEHMEM YpaBHEHUS AaBAEHUA (MM NOMpPaBKK AaBfeHus). YpaBHEHWE AaBaeHMs Nnoyda-
€TCs U3 ypaBHEHMIN HENPEPBIBHOCTU U KONMYECTBA ABUXKEHUS TaKMM CNOCOOOM, 4YTO nose
CKOPOCTU, KOPPEKTUPYEMOE AaB/IEHNEM, YAOBAETBOPSET HENPEPLIBHOCTU. TaK KaK onpe-
Oename ypaBHEHMS HEJIMHENHbI U CBA3aHbl O4HO C APYTrMM, NPOLECC PeLueHUs BKIO-
yaeT B cebs ntepauumn, B KOTOPbIX MOJIHbIA HABGOP ONpeaenaoLNX YPAaBHEHUI peLlaeTcs
MHOrOKpaTHO A0 cxogmmocTtn peweHns. Bo FLUENT goctynHbl ABa anroputma peluaTens,
OCHOBaAHHOrO Ha gaBneHuun. OTaenbHbIN (segregated) anropnt™ m cesazaHHbIN (coupled) an-
ropuTM™.




KpaTkuii 0630p peluatenei noToka

Segregated anroputm

PellaTesnib, OCHOBaHHbIN Ha [aBJIEHUU, UCMONL3YET afTOPUTM PELLEHUS, FAe onpeaensio-
LMe ypaBHEHUs peLlatoTcs nocaeaoBaTesbHO (T.e. OTAeNbHO 0A4HO OT Apyroro). MocKob-
Ky onpegensitowpe ypaBHEHMUS SABASIOTCS HEMHENHBIMU U CBA3AHHBIMU, LMK/ peLleHUns
HY)XHO BbIMNOJIHUTE UTEPALIMOHHO, YTOBbI NMONYUYUTH CoLLELLIEECs YUCEHHOE PELIEHME.

B oTaenbHOM anropuTMe MHAUBUAYa IbHbIE ONPEAENSOWME YPaBHEHWUS A5 NEPEMEHHbIX
pewenus (Hanpumep, u, v, w, p, T 1 T.4.) pelatoTcs ofHO noce apyroro. Kaxkgoe onpege-
naollee ypaBHeHUe pellaeTca “HecBsA3aHHO” nan “oTaensHo” oT Apyrux ypaBHEHWM, OT-
ctofa ero HasBaHue. OTAe/bHbIM aNropuTM sBAsSETCS 3PPEKTUBHBIM MO NAMATU, TaK KaK
ANCKPETHbIE YPAaBHEHUS HYXXHO COXPaHATb B MaMATU TONbKO MO OAHOMY 3a pa3. OgHako
NMOCKOJIbKY YPaBHEHUS PELLIAOTCS HECBSA3aHHbBIM CMOCOB0OM, CXOAMMOCTb peLLeHUs SIBASET-
€Sl OTHOCUTENBHO MeAIEHHON.
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1. iaMeHeHwe CBOCTB XUAKOCTU (p, i1, ¢;,), OCHOBbIBAACH Ha TEKYLLEM PeLueHun.

2. PellleHWe ypaBHEHUI KOMYECTBA ABUXKEHUS OAHO 3a APYrUM, UCMO/b3ys HeJaBHO
M3MEHEHHbIE 3HaYEHMs AABNEHMS N MaCCOBbIX NOTOKOB MOBEPXHOCTY.

3. PelleHue ypaBHEHWSA NOMNPaBKKU AaBAEHWUS, UCMO/b3Ys HEAABHO MOJlyYeHHOE MoJie CKOo-
pPOCTM M MacCOBOIo NMOTOKa.

4. KoppeKTpOoBKa MacCOBbIX MOTOKOB Yepe3 MOBEPXHOCTU, p U U, NCMIOAb3YS MOMpPaBKy
OaBNeHus, NoAyYeHHYH B n. 3.

5. PeweHne ypaBHEHMﬁ AOMNMOJIHNTENIbHbLIX BEJIMYUH, TUMNA Typ6YJ'IeHTHbIX BE€JINYUNH, SHEP-
’Mn, KOMMNOHEHTOB, NUCNOJ1b3YA TEKYLLUNE 3HAYEHNA NEPEMEHHbBIX PEeLleHnA.

6. V3MeHeHMe NCTOYHNKOBbLIX Y/IEHOB, SABAAIOLLMXCS PE3Y/IbTaTOM B3aMMOAENCTBUSA MEXK-
Jly pa3nnyHbIMK hasamu.

7. TpoBepKa cxoaAMMOCTU YpaBHEHUN.

OTW Warv NPoAO/HKAIOTCA 40 BbINOAHEHUSA KPUTEPUSA CXOLUMOCTW.
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KpaTkuii 0630p peluatenei noToka

Segregated u coupled anroputmsl

Pressure-Based Segregated Algorithm Pressure-Based Coupled Algorithm
Update properties ——| Update properti

Solve sequentially:
Usg Y Wy

Solve simultaneously:
system of momentum
and pressure—based
continuity equations

Update mass flox

Solve energy, species) Solve energy, species,
turbulence, and other rbulence, and other
scalar equations scalar equations

Mo Comergedt ) Ye5 o Sop)




KpaTkuii 0630p peluatenei noToka

coupled anroputmsl

B oT/IMumne oT OTAEe/IbHOrO aiIropuTMa, ONMUCAHHOTO Bbille, CBA3aHHbIN aJFOPUTM, OCHOBAH-
HbIM Ha JaBNAEHUN, PELLAET CBA3AHHYIO CUCTEMY YPAaBHEHWI, COAEPXKALLYIO YPaBHEHMS KO-
JINYECTBA ABUXKEHWS N YPABHEHNE HEMPEPbLIBHOCTU, OCHOBAHHbIE Ha AaBieHMU. TakuM 06-
pa3oM, B CBA3aHHOM aropuTMe Wwaru 2 u 3 B OTAENbHOM aNropuTMe peLleHns 3aMeHATCA
O[HVM LLAroM, B KOTOPOM peLlIaeTcs CBA3aHHag cMcTeMa ypaBHeEHUN. OCTanbHble ypaBHe-
HUS peLLatoTCcs HeCBA3aHHbIM CNOCOBOM KaK B OTAE/IbHOM asroputMe. Tak KaK ypaBHEHUS
KOJIMYECTBa A,BMKEHWS U HEMPEPLIBHOCTM PELLAIOTCS CBA3aHHbIM CNMOCO6OM, CKOPOCTH CXO-
OVUMOCTU peLleHUs 3HaYUTEIbHO YAYYLLAEeTCsl N0 CPAaBHEHUIO C OTAENbHBIM afifoPUTMOM.
OpfHako TpeboBaHMe NamMaTK yBennunBaetcs B 1,5 - 2 pasa no cpaBHEHWUIO C OTAE/bHbIM an-
rOPUTMOM, TaK KaK AMCKPETHYIO CUCTEMY BCEX YPABHEHUI KOJIMYECTBA LBVKEHUA U HENpe-
PbIBHOCTU, OCHOBAHHbIX Ha AABJIEHUN, HY>XKHO COXPaHATb B NAMATU NpPU peLleHUn nonen
CKOPOCTU U AaBieHUs (NpeanodTuTesibHee, YEM TOJIbKO OJHO YPaBHEHUE, KaK B C/lyyae C
OTAE/NbHbIM afifOPUTMOM).
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KpaTkuii 0630p peluatenei noToka

Peluatenb, OCHOBaHHbIN Ha MJIOTHOCTU

PeluaTtenb, OCHOBaHHbIM Ha NJIOTHOCTU, PELLAET Onpeaensiolme ypaBHeHNS ogHoBpeMeHHo. Onpe-
JensoLlme ypaBHeHUs A1 LONONHUTEbHbIX BEIMUYMH 6yAyT pellaTbesi Noc/e U NociefoBaTesbHO.

4.

M3MeHeHMe CBONCTB XNOKOCTU, OCHOBbIBAACb Ha TEKYLLEM peLlEHNN.

Pewwenve ypaBHeHMl;'i HEMNPEepbIBHOCTU, KOIMYECTBA ABUXXEHNA, SHEPTUMN N KOMIMOHEHTOB OA-
HOBPEMEHHO.

PeleHWe ypaBHEHMWI BEIMYMH TUNA TYPOYNEHTHOCTU U paguaumm, UCNoNb3ys NpeaBapUTeib-
HO M3MEHEHHbIE 3HAYEHWNS 4 PYrUX NEPEMEHHBIX.

MpoBepKa cxoaMMOoCTU Habopa ypaBHEHMA.

TM Warv NpoLo/IKakTCs A0 BbINOJHEHUS KPUTEPUS CXOAUMOCTH.

(Solution)



Update properties

Solve continuity, momentum, energy, and

species equations simultaneously

Solve rurbulence and other scalar equarions

N Yo
—0[ Converged? ]L
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Cnoco6, B KOTOPOM OMnpeaensioLme ypaBHeHUs IMHEAPU3YIOTCA, MOXKET MPUHUMATL "HesB-
HYI0” UK “aBHYI0” GOpPMY OTHOCUTE/ILHO 3aBUCUMOI NepeMeHHol (amn Habopa nepemMeH-
HbIX). HesaBHas 1 ABHas 03HAYaloT C/ieayoLlee:

P HesBHas: AN AaHHOW NepeMeHHON HEU3BECTHOE 3HAYEHUNE B KaXK0M SUENKE BbIYUC-
JIIETCS UCMOJIb30BAHMEM OTHOLLIEHMS, KOTOPOE BK/IHOYAET 06a CYLLECTBYHOLLEE U HEU3-
BECTHOE 3HauYeHMUs U3 CcocelHMX siueeK. Mo3ToMy Kaxkaas HeMsBecTHas GyneT Mnoss-
NATbCsA B 60S1ee YEM OJIHOM YpPaBHEHUW B CUCTEME U 3TU YPaBHEHUS HY)KHO pellaTb
OHOBPEMEHHO, YTO6bI MONY4YUTb HEU3BECTHbIE BEJINUMHDI.

P sBHaf: ANg JaHHOW NepeMeHHO HEM3BECTHOE 3HAYEHME B KaXKI0M s4eiiKe BblYUCIS-
€TCA UCMO0J1b30BaHMEM OTHOLLIEHWS, KOTOPOE BKJIHOYAET TOJILKO CYLLIECTBYOLME 3HaYe-
Husi. Mo3TOMY Kaxk[as HEM3BECTHas BYeT NoABAATLCS TO/IbKO B OAHOM YPaBHEHUU B
cUcTEME M ypaBHEHUS /1Sl HEM3BECTHOTO 3HAYEHMS B KaXK10M S4YeKe MOXKHO peLlnTb
Mo o4HOMY, YTO6bl MONYYNTb HEU3BECTHbIE BEJINYUHBI.




FLUENT ucnonb3yeT MeToj, OCHOBaHHbI Ha KOHTPO/JbHOM 06beMe A5l Npeobpa3oBaHmA
obuwero ypaBHeHMS NepeHoca BeJIMUYMHbI K anrebpanyeckoMy ypaBHEHMIO, KOTOPOE MOXHO
pPEeLUNTb YUCNEHHO. TOT METO/ KOHTPOJIbHOro 06beMa COCTOUT U3 UHTErPUPOBaAHUS YpaB-
HEHWsI NepeHoca No KaXKAOMY KOHTPOJIbHOMY 06beMY, BblAaBas AUCKPETHOE YpaBHEHME,
KOTOpOe BblpaXkaeT 3aKOH COXpPaHEHUS Ha OCHOBE KOHTPOJIbHOro o6beMa.
[nckpeTusaums onpeaensolimnx ypaBHeHUN Hanbonee 1EFKO MOXHO NPOUJIIIOCTPUPOBATb
pacCMOTPEHUEM HECTaLMOHAPHOrO YpaBHEHUSI COXPaHEHUS MepeHoca CKaNsipHOWN Besn-
YWHbI ¢p. ITO AEMOHCTPUPYETCA CAEAYIOWMM YPaBHEHNEM, 3aMUCAHHbIM B UHTErPasibHOM
dopmMe An19 NPon3BOJIbHOIO KOHTPOJILHOro o6bema V cnegyowmm obpasom:




I, aapt¢dV+95p¢v dA= T4V -dA+ [ Sydv

rae
p - MIOTHOCTb;

7 - BEKTOpP CKOPOCTU (ui + vj + wk);

A - BEKTOp N/I0WWAAM MOBEPXHOCTH;
F¢ - koadpdnupeHT guoddysum anga ¢;
V 4 - TPagUeHT ¢;

S¢ - UICTOYHUK ¢ Ha eanHULYy O6bEMa.
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[laHHOe ypaBHEHME NPUMEHSIETCS K KaXK10MY KOHTPO/IbHOMY 06beMY UK SiYEIKE B BbIYUC-
NuTenbHoM obnactn. IMCKpeTU3aums ypaBHEHNS Ha SHENKe:

Ny N,
ap¢ faces faces

Nt gces - 4Mcno noserHOCTeﬁ, OXBaTbIBAKOLLMX ﬂqeﬁKy;
¢ - 3HaYeHue ¢, KOHBEKTUPYEMOM Yepes3 NOBEPXHOCTD f;
Py - Af -MaccoBbIM MOTOK Yepe3 NOBEPXHOCTb;

Af NAoLWAaAb NOBEPXHOCTU ‘A i+Ay f+A k|

V¢, - rpagueHT ¢ Ha NOBEPXHOCTHU f;

V - 06BEM quenku.
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KpaTkuii 0630p peluatenei noToka

PelwwieHmne nnHemnHom cucTtemMsil

[ncKpeTM3oBaHHOE ypaBHEHWE NepeHoca BENNYMHbI COAEPXKUT HEU3BECTHYIO NEpeMeH-
HYIO BEJIMUMHY ¢ B LLEHTPe AYEliKM, a TaKKe HEU3BECTHbIE 3HAYEHUS B OKPY>KAKOLLMX CO-
ceflHUX AYeiKax. JIMHeapn3oBaHHYO GOPMY MOXKHO 3anmcaThb Kak:

app = Zanb¢nb +b
nb

nb - cocefHWe a4enKu, ap U a,,, - TMHEPU30BaHHbIe KO3IPOULMEHTLI ANA P U P,

Yuncno coceqHUX Y3/10B A1 KaXKA0M SHENKU 3aBUCUT OT TOMOIOMMKN CETKU, HO KaK NpaBuio
6yaeT paBHO YMC/Y NOBEPXHOCTEN, OXBATbIBAIOLWIUX AYENKY (UCKAHOYEHNEM ABASIOTCS
rpaHuyHble s4eiiku). Mogo6Hble ypaBHEHNS MOXHO 3aMuMcaTh 1S KaXXA0M AYeikn B
ceTKe. ITo NPUBOAUT K Habopy anrebpanyeckmnx ypaBHEHUIN C pa3peXKeEHHOM MaTpULLEN
KO3$OULMEHTOB.

(Soluti 6
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SIMPLE

MNMoyeMy ypaBHeHUs HaBbe-CTOKCa TSAXKEIO PELIAoTCA YNCNEHHO?

> PaccMoTpuM HeknMaeMble ypaBHEHMS HEPA3PbIBHOCTU N OBMKEHUS:

V-U=0 (1)
U-VU-V (vVU) = -Vy (2)

P YeTbipe ypaBHEHMA U YeTbipe Hen3BecTHbIX: U, Uy, U,, ¢ - KnHematnyeckoe
[JaBJieHne ¢ = p/p, v - KUHEMATNYECKas BA3KOCTb.
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SIMPLE

CnoXXHocTtu

P Ectb ypaBHeHus gna U,, Uy, U,, Ho HeT anid g.

P PaccumtaHHble KOMMOHeHTbI ckopocTu U, Uy, U, BMecTe [O/KHbI YA,0BNETBOPSTL
YPaBHEHMIO HEPA3PbIBHOCTM.

P> KOHBEKTUBHbIN YieH B ypaBHeEHUU ABUXKeHUA V - (UU) - HEANHeEH.

P MOXXHO MCMO/Ib30BaTb YpaBHEHUE COCTOSHUSA AN1s pacyéTa AaenenHus (p = pRT) npu
NOCTOSAHHOW MJIOTHOCTU UK TeMMepaType.
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SIMPLE

Anroputm SIMPLE
K/H0YEBbIE OCOBEHHOCTU

>

>

OnpenenuTb oiHO YpaBHEHME A1 AaBNEHUS U3 YPABHEHUIN ABUXKEHUSA U
HepaspbIBHOCTU.

OnpeaenuTb KOPPEKLMIO CKOPOCTHM TaK, YTOGbI BbINOJHANOCh YpaBHEHME
Hepa3pbIBHOCTY.

MonyyeHue ypaBHEHUS s p: AEKOMMNO3ULMS MaTPULbI:

V-U=0 (3)
U-VU-V (vVU) = -Vyp (4)
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SIMPLE

- Anroput™m SIMPLE

P 1. MpeacraBMM ypaBHEHME ABMKEHMS B 06LIE MaTpUYHOM PpopMe:

MU = -Vp (5)

P M - MaTpuua KO3OPULIMEHTOB, paccuMTbiBaeMas U3 ANUCKPETU3ALMM YIEHOB
YpaBHeHW. Bce OHWM M3BECTHBI.
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SIMPLE

-

P PaccMOTpPUM KOMMOHEHTY X:

My My, Mz - Miy||Up (dp/ox),
My My, Myz - Myy||Uy| |(dp/dx),
My, Mz, Msz - My ||Us| =|(dp/0ox),
My, Myo, Mys - MynllUyl o [(dp/0x)

P> Nmeetcs N ypaBHEHWUI, NO OAHOMY Ha KaXKIY0 SSYENKY.

P KoaddumumeHTsl M;; - n3BeCTHbI.
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P [lekoMno3unums S/IEMEHTOB MaTPULbI - Pa3AeMM MaTPULLY Ha AMaroHasibHble U
HeJuaroHaNbHblE 3/1EMEHTbI:

MU = -Vp (6)
AU -H =-Vp (7)
A, O 0 - 0 1/A;; 0 0o - 0
0 Ay O 0 0 1/Ay 0 - 0
A=[0 0 As 0 [;A =] 0 0 1/A35 - 0
0 0 0 - AMyy 0 0 0 - 1/AMyy

23/36
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Martpuua H BbIMUCAAETCS ABHO M3 HEMAroHa IbHbIX Y1IEHOB 1 CKOPOCTU C
npeabiaylen utepaummn. = oHa M3BecTHa:

H=AU-MU

MMeeTcs AekoMno3npoBaHHas Matpuua

AU -H =-Vp

M ypaBHeHWe HepaspbiBHOCTK: V - U = 0.

= MOXXHO ONpefe/uTb ypaBHEHUE A1 AaBeHMs.

(Solution)
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P lMepesanuiieM ypaBHEHUE ABUXKEHUS:

U=A""H-A"1Vp (10)

P MoacTaBUM B ypaBHEHUE HEPA3PbLIBHOCTHU:

V((AT'H-A"1Vp) =0 (11)

P = NmeeTca ypaBHeHUe MyaccoHa s AaBaeHus:

V(A7lVp)=V(ATIH) =0 (12)

> Tenepb UMeeTCA YeTblpe YPAaBHEHUA U YeTbIpe HEN3BECTHDbIX.
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SIMPLE

- Mpouecc pelieHns

P 1. Boiumncnsem none ckopocTtu. [laHHOe noJsie CKOpoCTU He Y40BETBOPAET
YpaBHEHWIO HEPA3PbIBHOCTY.
MU = -Vy (13)

P 2. PewnaeM ypaBHeHwue lNyaccoHa AN AaBieHus:

V(A7lVp)=V(AT'H) =0 (14)
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SIMPLE

Mpouecc pelieHns

P 3. Ucnonb3yeM BbIYMC/IEHHOE 3HAYEHME AaBJIEHUS A1 KOPPEKL MM MOJIsi CKOPOCTU
TaK, 4ToObl YA0BNETBOPSA/IOCh YPaBHEHME HEPA3PbIBHOCTU:

U=A""H-A"1Vp (15)

P 4. Tenepb nosie CKOPOCTU He YAOBIETBOPAET YPABHEHUIO ABUXKEHUS.
P 5. OBTOPSIEM LIUKJI.

P 6. YpaBHEHMUS SHEPTUU, TYPOYNAEHTHOCTb, AUPPY3UsS 1 AP. - BBIYUCASIOTCS BHE
[LaHHOTO LIMKa NOC/IE KOPPEKLIUMU.
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SIMPLE

Summary

P SIMPLE - 3710 pressure-based aaroputm, NOCKo/bKY pellaeTcs ypaBHeHue MyaccoHa
ONs faBneHus.

> [na HensoTepMUYecKoro csiy4yas nAOTHOCTb BbIYUCIAETCA U3 YPABHEHUSA COCTOAHUA.

> Density-based anropunt™ Tak »ke AoCTyneH, HO NPEANOYTUTENLHO NPUMEHSETCS B
CKMMaEMBIX TeHEHUSIX. B 3TOM anroputMe N0THOCTb BbIYUCISETCS HaNpPsSMYHO U3
YpaBHEHUA HEPa3PbIBHOCTU, @ YpaBHEHWE COCTOSIHWUS UCMONb3YeETCs A
BbIYUCIEHUSA [aBAEHMS.
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> B gaHHOM anropuTtme B MaTpuly H NoACTaBASETCS YKe CKOPPEKTUPOBaHHas

cKopocTtb U.

MU = -Vp (16)

P 3ateM npoBoAATCS "BHYTPEHHME LMKJIIbI MOKA He COMAETCS YpaBHEHUE AaBIEHUS:

H=AU-MU (17)
V(A~'Vp) =V (A"'H) (18)
U=A"'"H-A"'Vp (19)
30/36
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vy

SIMPLE pekomMeHAyeTcs AN CTauMOHAPHbIX TEYEHWUI, TAe HET U3MEHEHUSA NO
BpeMeHMU:

at At (20)

Mpu Manbix At NPOV3BOAHAA MO BPEMEHM MHOIO 6O/bLIE APYTMX YNEHOB B
ypaBHeHun V2U,V - (UU).

MpounsBofHas No BPEMEHW BCEra pacrnosiaraetcs Ha anaroHanu matpuusl Up.
Manoe At yBeNMuMBaEeT AnaroHanbHoe npeobnagaHue.

[N cTauMoHapHbIX NOTOKOB, TpebyeTcs noApenakcaums, YTobbl UCKYCCTBEHHO
yBEeMYUTb AMaroHanbHoe npeobnagaHue.

(Soluti 31/36




PISO

Moapenakcauyms
YpaBHeHue apuxkeHnsa (0 < a < 1)

apUp+ZaNUN:RP (21)
N

1-a l1-a

a

aPUP+apUP+ZaNUN =RP+ ClPUgld (22)
N

P Korpa pelieHue colnock Uf,ld = Up W JONONHUTESIbHbIE Y/IeHbl COKPALLAOTCS

1

l1-a
EapUp+;aNUN —RP+

apUgd (23)

> [JnaroHanbHble 3n1eMeHTbl CTAaHOBATCA 6onblue npnaoa — 0.

(Solution) 32/36




PISO

Moapenakcauyms
YpaBHEHWE [aBAEHUA U SPYITUE NEPEMEHHbIE
P TMoppenakcaums gaBneHUs:

0 = UQpeyw t+ (1- ®)Qo14 (24)

b [lpyrve nepeMeHHble aHa/IOTNYHO:

k= aknew + (1 - a)kold (25)
T=al,, +(1-a)T,y (26)
(27)

(Solution) 33/36




P PISO - ans HecTaUMOHaPHbIX HEC)KUMAEMBbIX MOTOKOB.

P Mbl He MoxeM genatb ~ 5000 BHeLHMX KoppeKuuit (MoaHas CXoAMMOCTb) Ha
KayK[loM Llare no BpeMeHun!

P Ecnn At poctatoyHo Man Co < 1, Torga MOXHO caiefiaTb OJHO BblYUC/IEHNE
YpaBHEHUS JBWKEHUS N JBE BHYTPEHHUX KOPPEKLMU U YACTUYHO CBECTM PeLLeHUeE.

P Moppenakcaums He siBnseTcs Heobxoaumoi npu Co < 1 U UMeeTcs cubHoe
JunaroHanbHoe npeobnagaHue.




PISO

Non-orthogonal correctors

P YpaBHeHue faBneHus umeet popMy JlannacuaHa.

V- (A"'Vp) =V (A"'H) (28)
(V2p) =f (29)

> = Ecnu ceTka HEOPTOroHa/bHa, HEO6XO,£I,VIMO SIBHO OOHOBNATb KOoppeKuunto
HEOPTOroHa/1IbHOCTU UCTOYHUKOBbIX Y/1EHOB.

P 3710 TpebyeT AOMNONAHUTENbHbIX UTEPALMI AN YPaBHEHUS AaBAEHUS.

(Solution) 35/36




PISO

Non-orthogonal correctors
Mpumep

P MpocToit unkn SIMPLE ¢ aByMsl KOPPEKLMSIMU HEOPTOTOHANBbHOCTU:

MU = -Vp (30)
H=AU-MU (31)

V(A~'Vp) = V(A~1H) (32)
V(A~'Vp) = V(A 'H) (33)
V(A~'Vp) = V(A~'H) (34)
U=A""H-A"1vp (35)

MoBTOPUTL C NEPBOro YpaBHEHUS (36)

P [Ons PISO aHaNnorMyHo, HO KOPPEKLMS 3aLMKIMBAETCS 4O BTOPOro ypaBHEHMUS.

(Solution) 36/36
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