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MaTtemaTnyeckas moaenb
ConpsixeHue obnacten M rpaHUYHbIE YCITOBUA
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[NMporpammubin Koa SINF/FLAG-S

(pa3pabambieaemcsi Ha kaghedpe «fnppoanHammka, ropeHme u tennoodbmeH» Cr1611Y)

* Annpokcumaums ypaBHEHUN * PeweHune CIIAY ntepaunoHHbIMU
rMAPOANHAMUKN U meTtogamu KpbliloBCKOro Tuna
TensioMmacconepeHoca no Metoay
KOHEYHbIX OO BbEMOB » [eomeTpuyecKkmMn MHOrOCETOYHbIN

MEeTO/ OJ19 peLLUeHNs YpaBHEHUS

« (CxeMbl BTOpOro rnopsiaka [TyaccoHa
annpokcnMmMmauum no
NPOCTPaHCTBY U BPEMEHMU * MerToabl pelieHns ypaBHeHUM Ans

HECXKMMAaEMOWN XUOKOCTH:

* HecTpyKkTypmpoBaHHbIe SIMPLEC, cxema Pogxepca-Ksaka,

nonuagpanbHble CETKU mMeTod ApObHbIX Wwaros (a4ng
HecTaunoHapHbIX 3agad), coupled
* [NapannenbHble BblYMCHEHNS cxema Ha ocHoBe nonpasku Pxu-Yoy

(AEeKoMMo3nuusa pacyeTHom
obnactu, MPI)
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[eomeTpunyeckumn
MHOroceToYHbIU MeToA Ans
peweHus ypaBHeHusd [lyaccoHa

» [lonpaBka gaeneHus (SIMPLEC, meTtoq ApOOHbIX Laros)
* OunbTpauuns B NOpUCTon cpeae

* TeI'IJ'IOI'IpOBO,D,HOCTb B TBepAdblX 3JIEMEHTAX
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CnocoObl NOCTPOEHUs1 CeTOK ANA rpyobiX ypoBHEHN

* Qverset Meshes (Mauvriplis, 1992, 1995b; Peraire et al., 1992; Leclercg, 1990; Morano, Dervieux, 1993)
NMoNHOCTLIO HE3aBUCUMbIE PAaCYeTHbLIX CeTKU

* Nested-Mesh Subdivision (Parthasarathy, Kallinderis, 1994; Braaten, Connell, 1996)
ABTOMaTMYecKoe NOoCTPOoeHUe MeNIKUX CeTOK Ha OCHOBE Ha4yarnbHOU rpydoomn ceTku

« Automated Coarse Mesh Construction
ABTOMaTM4YecKoe NocTpoeHue rpyobIXx CeTOK Ha OCHOBE MCXOAHOU MEeSIKOM CeTKM

— ArnomMepauunoHHbIN METO[ - SYENKN TPYyObIX CETOK Nony4vatroT nytemM obbeanHeHnd
NCXOOHbIX A4eeK (Lallemand et al., 1992; Smith, 1990; Venkatakrishnan, Mavriplis, 1995)

« JloKanbHbIe anropuTMbI arnoMmepauuvm

ArnomMmepatbl dpopMUPYIOTCH NO o4epenu, UCMOSb3ys CBA3N MeXay 3fieMeHTaMn CETKN U
KpUTepuu KadyecTtsa nonydaembix arriomepatoB (Patel, 2003; Nishikawa et al., 2010)

 [nobanbHble anNropuTMbl arnoMmepauum T
pybas ceTka cTponTcA cpa3sy BCS LEJIMKOM

— PelweHne 3agayn ontnummnsaummn Kputepues
KayecTBa nosy4aemMon CETKU

— [locTpoeHue okTogoepesa 1 VAN
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UcxogHbIin anropuTm arnomMmepaumm

(Patel, 2003)

Kputepumn kadecrtBa
arnomepartoB

Surf %
Vol%

AspectRatio =

TemHasa suenka — 6asoBas,
cepble f4enKu — noob6aBneHHbIe Ha 1 Wware anropmTma,
npo3payHbie — Aob6aBneHHbIe Ha 2 ware anropuTMma
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MHnumnanusaumsa ovyepeamu

NPUrpaHNYHbIMU SHYENKAMU

v
Bepem siuenky us oyepeam,
CTpoumM ba3uc (+3 A4enKku)

Nobop a4eek (0o 8 ayeek)

O6HoBNeHUue oyepeau

«3anaTtka abIp»

Mpumepbl BO3MOXHOW arnoMmepauumn sveek

KoadhcmumeHT cokpalwieHus ssiueek = 8
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YnyJlieHHbIN anropuTtm arnomepaummn®

 Ha Bcex atanax aJiropuTtmMma npeansfioxeHbl
Oonee XecTkMe npaBuna arnomMmepaummn s4eek

— Yry4LlleHOo Ka4yeCcTBO MoslydaeMblX arfiomepaToB
— [loBbIlleHa YCTONYNBOCTb N CKOPOCTb CXOAMMOCTM MeToa

— KoadbpuumeHT cokpalleHns a4yeek ymeHbLunsica ¢ =8 o = 6

*Banues [.K., MNoxunos A.A., CmnpHoB E.M., CmupHoBckum A.A.

UuncneHHoe MogenvpoBaHne COMpPsPKEHHOMo TenfioMacconepeHoca B ucnaputene KOHTYpHON
Tennosown TpyObl // MNapannenbHble BbluucnmTenbHble TexHonornm (MaBT'2016): Tpyabl
MeXAyHapOAHOW Hay4yHoW KoHdepeHUnn. ApxaHrenbck, 28 mapta — 1 anpens, 2016. C. 512-520.
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UTOoroBbin MHOroCeToYHbIN anropuTMm

NocTpoeHUue rpyobiX CEeTOK C MPUMEHEHUEM YITYYLUEHHOro
ariropyTmMma armniomMepauunm sidyeekKk

- ABTOMaTnyeckoe NnocTpoeHne pr6bIX CETOK BMMoTb A0 1 a4enkn Ha brnok

NMocTpoeHMe MaTpuU4HOro NIMHEMHOro orneparopa Ha rpyobIx ceTKax:
Metoa cymmunpoBaHusi ypaBHeHun (Additive Correction Method - ACM)
C nokanbHbIM :
MacLUTabnpoBaHneM a = C_l'St
ko3 PULIMEHTOB MaTPULLbI " odist,

fine ACM
1,J

Ba3oBbIN conBep:
Metog Naycca-3engens (Symmetric-Gauss-Seidel — SGS)

npeAnO‘lTMTeanblﬁ TN UUKna.
W-umkn ¢ cbMKCMpoBaHHbLIM YUCITIOM UTEpaLUn
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TecTMpoBaHue MHOroceto4yHoro anropurtma (1)
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Pa3paboTaHHbIN MeToA:

T=0

« OOGecneynBaeT NUHENHYIO
3aBMCUMOCTb BPEMEHM
peleHus oT Yncna favyeek

B Heckonbko pa3
adhhekTnBHeEE
anre6pau4yeckoro metoga
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TecTMpoBaHMe MHOroceTo4yHoOro anropuTma (2)

+ f4yeek Ha aapo = 550 TbicAY

* Pecypchl: oT 1, o 256 npoueccopoB
(ot 7, no 1792 sipep)
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TecTupoBaHMe MHOroceTo4Horo anropurtma (3)

PaspbIBHbIE rPaHU4YHbIe YCNOBUA

YanuHeHue ssveek 5000

2

-1

NMocTaHoOBKa 3agaum

2

leitge gl

. Kon-Bo siveek:

Hybrid - 106
Polyhedral
g
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=TT

Bpemsa pacyera, cek.

Multigrid

AMG (HYPRE lib.)

[MbpuaHas ceTka
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[MonuagpanbHas ceTka

30

100
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[lpmeHeHune pacyeTHOU TEXHONOrumn Ans
MoAennpoBaHMA paboTbl ncnapuTtens
KOHTYpHOU TennoBou Tpyob! (KTT)
cnyTHukKa TacSat-4
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Oobwan nHpopmauunsa
O KOHTYpPHbIX TennoBbiX Tpybax (KTT)

! ?
{ OTBoA Tenna Maponposoa
l'-..--‘._..‘.-‘_, __________ 3
. e
1 1
i 7 KoHpeHcarop Opebpenne
' : Koxyx -
| | Wcnaputensb — G
! | [Ta3 (1map) 3
> dutnip
KoHpeHcaTo-
nposoAa Kunkocts

. _ Kuakoctb
Pesepgyap ~"------

Moasoa Tenna Ceuenne A-A

O6Lwan cxema KOHTYPHOW TENNOBOMN TPYOblI NMonepe4yHoe cevyeHue ucnapurtensa KTT
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Mpototun: COTP cnyTHuKa
TacSat-4

Top Deck (Top deck
electronics boxes on

I/Icnaprenb _underside)

KTT

Main Deck

. r Electronics

PacyeTHasa obnactb u
pacyeTHas ceTKa

* CunbHoOe cryuieHue y3roB K NOBEPXHOCTHU
ucnapeHus (rpaHuua nap-¢puTunb)

O6Lwee yncno fAvyeek ~ 1.5 MmunnmoHa

Kopnyc ncnapurens
— 500 TbIiCAY

NMapoBas obnacTtb
— 180 TbICAvY

N Bbixoa

napa

rpaHuua

MepBUYHBLIN hUTUNDBL
— 600 TbiCcAY

Xunpgkaa obnactb
— 35 TbiCcAY

BTopuiHbin dutUnb
— 45 TbiCAY
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Pe3ynbTaTthl pacyeTta

CKOpOCTb BTeKaHUA XNOKOoCTu B nepBM‘-IHblﬁ TeMHepaTypa B NpoAoJZIbHOM
(bVITVI.Hb n Temnepatypa B ce4eHnun n nonepevyHbIX Ce4yeHUnsAX

T,K: 243 247 251 255 259 263 267 27

CkopocTb napa B napoBbIX KaHanax PacnpepeneHune pacxoga no KkaHanam
g— 0.3 | ' -
1
4 0.25 |
f - ® 0.2 | 2
o S 0.15 |
3,
1 0.1 & +
R ) | 100 300 500 700

V,m/s: 5 15 25 35 45 55 65 75 85 95 105 Q}W
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3aknroyeHue

PaspaboTaHa pacyeTHasi TEXHONOMMA MOLENUPOBAHUS TPEXMEPHbIX MPOLECCOB
COMPSKEHHOro TernsioMmacconepeHoca ¢ ucnapeHnem paboyero Tena Ha NOBEPXHOCTU
NOPUCTON CTPYKTYpHI.

[Ona peweHuns 3agay 60nbLLION pasMeEPHOCTU B KOAe peann3oBaH MHOMOCETOYHbIN MeTOA
Ha OCHOBE OpUrMHarbHOro anropuTma arnomepaunmn adeek. NpogemMoHcTpMpoBaHa ero
BblCOKasi a0(PEKTUBHOCTb U MacLTabnpyemocTb.

PaspaboTaHHasa pacyeTHasa TEXHOMNOrMs UCrnonb3oBaHa A MogennpoBaHust padboThl
ncnapuTens KOHTYpHOM TennoBoun TpyObl cnyTHUKa TacSat-4.

PesynbTaThl NPOBEAEHHbIX PacYeToB NoKa3sblBaloT, B YACTHOCTU, YTO NpuM NoABOAE Tenna
K MCnapuTento TorbKO CO CTOPOHbI MOMKW Kopryca napoBble KaHanbl paboTatoT B
CYLLECTBEHHO pa3HbIX YCINOBUSX — pacxodbl Napa B HUX MOTYT OTNNYaTbCSA B HECKOIbKO
pas.
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