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[TakeT pacyeTHbIX nporpamm HSFlow

- HSFlow = High-Speed Flow solver (c) HAO-8 LAT'

- MogenunpoBaHue Te4eHUN CXXUMaeMOro BA3KOro rasa c
NOMOLLbIO YNCITIEHHOIO pPeLLEeHNA HecTalMOHaPHbIX
ypaBHeHnn HaBbe-CTokca n PenHonbaca B ABYXMEPHOMU,
OCECUMMETPUYHON U TPEXMEPHOU NMOCTAHOBKaX

- YpaBHEHUSA B KOHCEpPBATUBHON De3pasmMmepHon bopme B
KPMBONMHENHBIX KOopaAnHaTax

- Hesi8HbIU YNCINEHHbIN METO, KOHEYHO20 06BEMA BTOPOIo
nopsgka TOYHOCTU MO MPOCTPAHCTBY U BPEMEHMU

- Cxema TVD (total variation diminishing) Tnna 'ogyHoBsa
BTOPOro nopsaaka annpokcumMaunm rno npocTpaHcTBy

- CTPYKTYpPMPOBaHHbIE PACYETHbIE CETKM
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PacueTHble ceTkn. PopmaT BBOAa BbIBOAA.

- CTPYKTYpMpOBaHHbIE MHOrOOMOYHbIE CETKU

- CTbikoBKa mexay briokamu tuna 6s10k-8-6s10k v y3eri-e-
y3erl.

- opmat Aans XpaHeHUs1 paCYETHLIX CETOK U Mosen
TeuyeHnn — mexkgyHapogHoin ctaHgapt CGNS (CFD
General Notation System).

- PaspabatbiBaeTtcsa mexagyHapoaHsim komutetoMm « CGNS Steering
Committee» (n3HavanbHo B 1994 rogy Boeing n NASA) -
http://cgns.github.io/

- KoMmnakTHbIn OnHapHbIn dbans, 4OCTyN K AaHHbLIM MOCPeacTBOM
Habopa ONMBONMOTEYHBLIX KpoccnaTtOpMEHHLIX Npoueayp

- NogpobHas goKymMeHTauuda, cBOOOAHbIE peann3aumm ONdnrUoTeku,
nogaepxka B 60ONbLUIMHCTBE KOMMEPYECKUX NPUITOXEHUI
(Pointwise, Ansys, TecPlot, etc.)

- B HSFlow npumeHsietca nocrnegHas Ha 2015.11 Bepcusa 3.2.1
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MeTton NnapanreribHoro peweHnmn4d

* [nckpeTtmsaumsi CUCTEMbI B YAaCTHbLIX MPOM3BOAHbLIX B KaXXaoM 6r1ioke He3aBUCUMO
n+1 n n-1 n+1 n+1 n+1 n+1 n+1 n+1
3Qi,j,k _4Qi,j,k +Qi,j,k n Ei+1/2,j,k _Ei—1/2,j,k " Gi,j+1/2,k _Gi,j—1/2,k n Fi,j,k+l/2 - Fi,j,k—1/2 S
2At AE An AC
» PacnpenenéHHbln BEKTOP HEBSA30K (X) —0
HenuHenHaa cuctemMa CEeTouUHbIX (anrebpanyeckux) ypaBHEHUN:
* Bektop X — nckombie oyHKLMN BO BCEX Y3Nax CETKMU.

Hanpumep ona cetkn 500MsH, BEKTOp coaepxuT 2.5e+9 3HadeHun > MAX _INT = 2.14e+09.
Ona nipekcaumn TpedyeTtca int64

* HenuHeitHas cucTema peluaetcs no metogy Hototona X[+ — X[+ _ €kt D;ﬂl F(X"")

D;, = (9F/0X) mMaTpuua Akobn No MeToay KOHEYHbIX MpupaLLeHnin BEKTOPa HEBA3KM
ko k0 o BEKTOPY MCKOMBIX CETOUHBIX MepeMeHHbIX (MapannensHo)

Ha kaxxgon utepauyum HbloToHa, pellaeTcs NIMHenHas cuctema ypaBHEHUN

metogom GMRes (OF /0X),, AXH = ¢ F (X[k])

PeweHune ¢ nomowbio PETSc:
* Onepaunu ¢ pacnpeaenéHHbIMKU BEKTOpaMn n maTpmuamm
» [lapannensHbln meTop deflated GMRes (DGMRES) ¢
npenobycnaenueartenem Additive Schwarz Method (ASM)




PETSc: Portable, Extensible Toolkit for
Scientific Computation

- bnbnunoTteka CTpyKTyp AaHHbIX U npoueayp ang
pacnpenerneHHoro (napannenbHoro) peLlueHns Hay4HbIX
3aga4y, MogenupyemMbix ypaBHEHUSAMN B YaCTHbIX
NPON3BOAHbIX

- KpoccnnatdgopmeHHas (Windows, Linux, etc.)

- BO3MOXHO NpMMeHEHME B NPUSTOXKEHNAX HANMCaAHHbIX Ha
C/C++, Fortran, Python

- cnonbayetr MPI n BLAS

- PacnpocTpaHeHne B ncxogHbIxX kogax, cBobogHoe
MCnonb30BaHue ang nbbix Lenemn

- http://www.mcs.anl.gov/petsc/
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[TponsBoauTenbHocTb HSFlow
Ha BbIYUCINTESNIbBHOM KnacTtepe
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[TPAMOE YMCINEHHOE
MOLOEJIMPOBAHVE NNAMWHAPHO-
TYPBYJIEHTHOI'O MNEPEXOOA TPV
TMMNEP3BYKOBOM OBTEKAHUMN.

PacnpocTtpaHeHne 3D Bo3aMyLLeHU Hag NnacTUHOU



[locTaHOBKa 3agayu

= 3D ypaBHeHuda HaBbe-CToKCca a5 BA3KOro CXXMMaeMoro CoBepLUeHHOro rasa

- P?C‘-I%T 3a 2 aTtana: ; " M. = 5373
TaumoHapHoe naMmmHapHoe obTekaHu Re_, = 14.3x10° m
=  BbIHYXXOEHHbIE BO3MYLLEHUS L* = 0.3161
=7 R m
C NOMOLLbIO reHepaTtopa Re,, = 5.667x108
BAOYB-OTCOC \ T,=74.194 K
cAMMETPYS — T,, = 300.0 K =4.043
y=1.4;Pr=0.71
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BeluncnntenbHble pecypchl

QOCetka 250 munnunoHoB y3nos, 1152 6rioka

dPac4eT Ha knactepe nabopatopumn Flowmodellium,
MPTW, 1152 npoueccopHbix aapa (48 x 24)

ddamn pacyeTHoro nond — 9.341'6 + dpbann ceTkn 5.6I'0
10000 waros no BpemMeHu



[ eHepaTop BO3MYLLEHUN

 Bays-oTcoc 4yepes 2 kBaapaTHbIX OTBEPCTUA HA CTEHKE

['Y Ha MaccoBbIW pacxod Ha CTeHKe:

. x—x . zZ—2 .
P, zaxsm[,’ln 1 ]xsm[n 1 ]xsm(mr)

X <X<X,;2;<2<2Z,; 0<t<o0

d =0.00815 (d"=2.6 mm)
X1 =X~ d; X, =Xy + d; 1) X, = 0.044
2, =-0/2;z,=d/2

YacToTa BO3OENCTBUSA:
e =125 (f" =58.37 kHz) — TunnyHo ans | moapl

Amnnutyaa Bo3gencTBug:
¢ =0.001
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CTtaunoHapHoe nammHapHoe obTtekaHue

11



CFD Weekend 2015

MrHoBeHHbIe Nons BO3MYLLEHUN

z | BoamyLueHus faBneHus | |

Ha NMNOBEPXHOCTU p': -1.2E-02 -5.0E-03 0.0E+00 5.0E-03  1.5E-02

TeHeBada KapTuHa BO3MYLLEHUWN B
MSIOCKOCTU CUMMETPUN




CneKkTpbl Mo YacToTe N NonepevyHomy
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KoapPULIMEHT TPEHUA HA NOBEPXHOCTH,

OCpPEeAHEHHbIN NO BPEMEHM

: I

Ct: 5.0E-03 1.0E-02 1.5E-02

. 15 2 25

— — -laminar
- = -RANS
0.0025 ——DNS, avg(t, z)
. ——— DNS, avg(t), z=0
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OcpeaHEHHbIN npodusnb Npu x=2.5
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Buxpesble cTpykTypbl, Q-Kputepnmn=100
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Buxpesble CTpYKTYpbl, Q-Kpntepmnmn=100
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3akoyeHume

dlNMpuMmeHaeMbIn YNCTIEHHBIM METOA NO3BONSET
MO ENMpoBaTh NPOLIECC NTAaMUHAPHO-TYPOYINEHTHOro
nepexoda OT Ha4yanbHOW NIMHEUHOW CTaaun 40 KOHLUA
HENMWUHEWHOro paspyLUeHuns.

Cl'MakeT pacyeTHbIX nporpamm HSFlow nossongaer
NpoBOAUTL 3(PIEKTUBHbIE pacnpenesieHHblIe BblYNCIIEHUS
Ha BbIYUCINUTENbBbHbIX KNnactepax C NPUMEHEHMNEM TbiCAY
NPOLIECCOPHbIX S4€ep
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Tekywine paboThl

- [MbpuaHble Moaenun TypOyNneHTHOCTU — PacYET NUHUM
nepexoga Ha OCHOBE TEOPUN YCTONYNBOCTY

- MogenupoBaHne HepaBHOBECHbIX (PU3UKO-XUMNYECKUX
NpoLEeccoB
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