Jeéio

QGDsolver — oTKkpbITbIT PpeliMBOpK AN
MOZENIMPOBAHNS TEYEHUNA KNAKOCTU 1 ra3a Ha
OCHOBE PEry/sipU30BaHHbIX YPaBHEHUIA

Mateeii Kpanowux
NCN PAH

19 [ekabps, 2021

1/24



)
.z).. Gid O63o

@ MoTusauus pabortsl

@ Dtanbi paseuTus

© VlcxopHblii kog,

O Banupgauus

@ VpasHeHus menkoii Boapl

@ 3aknovenne

2/24



ISP

id PasButre nporpammHoii peanusaunm poccmiickoro
YHUBEPCAJIbHOMO YMCJIEHHOrO afropuTMa

Mpumep: PIMPLE (PISO-SIMPLE)

VHueepcanbHbili anroputm
Hecxxnmaemble Tederns

1N eAuHbI/i NPOrpaMMHBbIii
. Cxumaemble TedeHunst
NHTepdpeiic No3BoNSOT B
OTHOCUTENIbHO CKaTble
CPOKU CO3[aBaTb CJIOXKHbIE

KOMMNbIOTEPHbIE MOAENN

hU3NHECKNX NPOLLECCOB

MHOroKOMMNOHEHTHbIE
Te4YyeHus

TeueHus c yyetom
nnasyyecTtu

MHorodasHblie TedeHust

CANDU-6 full scale simulation,
DOI: 10.3390/en12020330
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Jockd

Orpatuyerns noaxoga PIMPLE

ObuwHocTb noaxona BaeYeT 3a CoboOi N OrpaHUYeHns

® |ItepaTuBHas NprvpoAa YMCAEHHOrO aJropMTMa — BOMPOChI CXOANMOCTH,
OpraHM3auunmn BAOXKEHHbIX LUKIIOB 1 Mp.

® OrpaHudenusi no 4ynciny Maxa, MOHOTOHHOCTb
® Bonpocbl NpMMeHeHns orpaHu4uTeneli NOTOKOB
® CeToYHasi CXOAMMOCTb

® C6anaHCcMpoBaHHOCTL ClaraeMbix ypaBHeHuii (Hanpumep — 06bEMHbIX cua 1
rpajueHTa LaBieHunst)

|_|pI/IMepr HEBOCNPON3BOANMDbIX 3a4a4y
Takum obpasom, HeCMOTpst Ha hopManbHOe COOTBETCTBIE
ANMNPOKCMMUPYIOLLNX BbIPaXKeHnii 3agaqe, obnacTb nNpumeHeHus
CYNeKOMMbIOTEPHON MOAENN MOXKET OKa3aTbCs yXKe, Hanpumep:
® ATTpakTOp BHYTPEHHMX BOJH B CTPaTudULMPOBaHHON cpeae
® ATTpakTOp BHYTPEHHMX BOJIH B TOopouzge
® PaBHoBecne Kanam

® Cxumaemble TedeHus npu Ma > 2
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KI4/KIn[ kak anstepratusa PIMPLE 8
OpenFOAM

NpenmyuiecTBa

® OTHOCWTENILHO MPOCTble CxeMbl ANst KoHBekuun/auchbebysun: (1) 6e3 orpaHnynTenei
notoka, (2) 6e3 pewenns 3agaqn Pumana, (3) oguHakoBas npouefypa annpokcumMauum
ANnsi BCeEX TUNOB TevyeHunn

® MOHOTOHHAsi CXOAMMOCTb MO NapameTpy CXeMbl
® NpPUMEHUMBI K KOMMAaKTHOMY LiabnoHy
® uHTerpupyembl ¢ mogensimu OpenFOAM

® He TpPebytlOT NCMNONIL30BAHNS BIOXKEHHbIX LVK/I0B

HepoctaTkm

® BLIYMCNTENBHO Bonlee 3aTpaTHble YeM CTaHAApTHble cxeMbl (MpumepHo B 3
pasa)

® TpebyeTcsi [OMOSHUTENLHOE YC/IOBUE YCTONYNBOCTU

® 334aCTytO >KeNlaTesibHble PAaBHOMEPHbIE CETKM N MAJIEHbKUIA LWar no BpemMeHu
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DTanbl pa3BuUTHS

® QGDFoam — teno c wobkoii, npodunu, mogens CIC, crpyiitbie
TeyeHus

® QHDFoam — TpoiiHuKun, HacoC nepekayku KPoBW, aTTPaKTOpPbI
BHYTPEHHUX BOJIH

® Annpokcumauns Tay-cnaraembix Metogom OcTporpagckoro-Faycca
(EB Wunbhukos, MA Wctomuna)

e ______ _—
©® MHorokommnoHeTHble U AByxpasHble NPOrpammbi

® Banangauus
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Peannzauna KI'l 8 OpenFOAM

Tpebyet fopaboTkn OpenFOAM:

1) BbIYMCNEHME T-C/IAraEMbIX B LIEHTPaX rpaHen
2) BbIGOP cNoco608 BbiuMcaeHUs T u KI[-
BA3KOCTU
3) 6eclwosHas ces3b napameTpos K-
anroput™a (a, Sc, rpaHUYHbIE YCI0BUS) C
ocTanbHbIMK cuctemamm OpenFOAM

Penusyetcs cTaHAapTHbIMU
cpeactBammn OpenFOAM:

1) KoHcepBaT1BHas ¢popma 3anmcy ypaBHeHmii:
2) slBHasi CxeMa MHTErpUPOBaHMsA MO BpEMEHM
3) BblunC/IeHME MOTOKOB UHTEproNALMeN ¢
LeHTPOB 06BEMOB Ha LIEHTPbI FpaHeit
4) UHTerpaums ¢ ApyruMu MoaensaMm
(Typ6yneHTHOCTH, ropeHus 1 np.)
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P(5)

Kra/

Figure 1: Geometrical scheme of stencil for numerical computation of partial derivatives on

finite volume face f: P denotes center of cell to which normal of f points outward, N denotes

center of cell to which normal of f points inward

Start

T

Caleulate fluxes (1)

I

Solve pressure equation (2)

T

Solve momentum equation (3)

I

Solve other varibles and transport equation (1)

T

End

Figure 2: QHD algorithm flowchart

42

ISP
Kl'mg[ vs. PISO

l Calculate coefficients of momentum equation }‘7

Solve momentum equation

lsnl\-.» pressure equation with non-orthogonal corrections

Update pressure and velocity

Update momentum equation operators

l%lw pressure equation with non-orthogonal corrections

Update pressure and velocity

Solve transport equation

Figure 3: PIMPLE algorithm flowchart

RAS
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Beluncnutenshbiii wabnon OpenFOAM

CrponTcst OTHOCUTENBHO FpaHu:

@ coeavHsAIOWENR 2 AYeiKN, eCAn OHA HAXOAUTCA BHYTPU pacHETHO
obnacTu;

@ npuneratoweii k 1 sivelike n CMOTpsiLLeli HapyXKy, ec/in OHa
COCTaBJ/ISIET BHELLIHIO MOBEPXHOCTbL PacYeTHO obnacTu.

KoHTponbHbI 06BEM MOXKET BbITh MPON3BOsILHON (hOpMbI

Cn =
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Bbiuncnernne 7— cnaraembix no Teopeme
OcTtporpagackoro-laycca

The partial derivative on the face f
centroid can be calculated as:

da 1 L
/- Bz = 7; 2 M

2 A5

® The formula can be extended to
face with arbitrary number of
vertices.

® Thanks to snappyHexMesh,
most faces are quadrangle

® For other faces we can use
reduced approach

All formulae could be found in M. Istomina, E. Shilnikov 2019, KIAM Preprint No. 86

(In Russian)

2
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SlBHO-HesiBHas annpokCnMaunA

® NcxopHo KA /KIMull anroputmsl ncnonb3ytoT NOSHOCTLIO SIBHYHO
anmnpoKCMMaLuo NoTOKOB

® B OpenFOAM-peanuzauuun QGDsolver npennoxeHa sBHO-HesiBHa
annpokcrMauus, Bbigensiowas paspeleHne anddy3noHHbIx
NPOLLECCOB B OTAe/bHble nogwary (Ha npumepe BeanymHsl Y):

O (Y -Y)Ar =V, (gf 'ffY°)f
® (Y'Y A —(YP YA = VLY, (§f : VY")f
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ApxnTekTypa bubnuoreku
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QGDFoam = QHDFoam
Foundation solvers

‘/

Other solvers
scalarTransportQHDFoam

particlesQHDFoam
particlesQGDFoam
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Each solver
implementing QGD
algorithm must use
libQGD library

Two foundation solvers
QGDFoam and
QHDFoam show
essential principles of
QGD-algorithms

Other solver could be
regared as combination
of foundation algorithms
and OpenFOAM models

Interface libraries are
used to connect QGD
solver to OpenFOAM
models when interfaces
have changed
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Peannsosanuble B8 QGDsolver mopenn

[Mpon3sBoaHbIE NPUIOXKEHUS

® [IBU>KEHMNE CETKU 1 HEUMHEPLMOHHAs CMCTEMaA
KoopanHaT

® QHDDyMFoam
® SRFQHDFoam

MepeHoc npumecn

® scalarTransportQHDFOam

ra3a B LLUNPOKOM
P ® mulesQHDFoam
ananasoHe yncen Maxa

Ba3zoBble npunoxexns

® QGDFoam — TeveHue °
BSI3KOrO COBEPLUEHHOMO

° TeHeva C ANCNEPCHbIMN NpUMecAMN
® QHDFoam — TeyeHne

BA3KOW XKNAKOCTU C
y4eTOM naaBy4ecTun

® particlesQGDFoam
® particlesQHDFoam

® MHOroKOMMOHEHTHbIE 1 MHOFOCbaBHI:Ie
Te4YeHnA

® reactinglagrangianQGDFoam
® interQHDFoam
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Mogenvnposanue aByxdasHbIX 1
MHOFOKOMMOHEHTHbIX TeYeHWl

e T.T. Enuszaposa, A. A. 3notHuk, E. B. LLlunbHunkos,
“PerynspnsoBaHHble ypaBHEHUS 4155 YNCIEHHOrO MOLEMPOBAHNSA
TEYeHUi rOMOreHHbIX BUHAPHbBIX CMECel BA3KMX OKMMAEMbIX ra3oB’

e A. B. Weanos, M. B. KpanowwH, T. I'. Ennzapoea, “O HoBom meToze
perynspusauumn ypasHeHuli fByxda3Hoi HeoKnMaeMoli cpeabl”
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Transient high speed flows

Two free jets of perfect gas with
v = 1.4 were considered:

@ Re = 3600
® Re = 70000
QGD settings was:
o oQRGD — (.15, Co™ma® = (.15

® ScRGD was gradually reduced from
1 at the start to 0 at the end of
calculation

® Ostrogradsky-Gauss appoximation of
T—terms

® |aminar model for Re = 3600 was
used

® Smagorinsky model for Re = 70000
was used

® Computational mesh with 33 min
cells was used in both cases

outlet

outlet

walls

T J|— -~
ransonic " 3
SUPErsonic . 3
inlet —

outlet

64
® Exp. M=0.9,Re=3600
QGDFoam

QGDFoam
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BsaumogeiicTeue cTpyii ¢ nperpagoti
o M
Lo
06
\ | 03
C £2 SEE o Ol ol
= /D,

A.C. Enuxun, T.I'. Ennsaposa. YncnenHoe mogennpoBarme rasogrHaMmkm npouecca
B3aMMOZENCTBNSI HeAOPaCLLUNPEHHbIX CTPY/ C HAKJIOHHOI nperpagoii.

“1" - sken, “2" - rhoCentralFoam, “3" - QGDFoam
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BansiHne nogaum BoAbl Ha LWyM CTpyii

outlet

NccnepoBanocs BAMsiHMe nojayn BoAbl Ha E 6 ricro-
aKycTuKy B ganbHem none. BavkHee none 3
PaccHUTLIBANOCE B MHOFOKOMMOHEHTHOM

NPUGSINKEHNN C NCMOJIb30BAHNEM 5
perynsipn3oBaHHbIX ypaBHeHuii. JansHee §

microphones

noJsie — ¢ ucnosib3aosaHuem aHanorun PBX.
Mopasaemas Boga moaenvposanach B

npubavxennn obnaka 4acTtuy,
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M. Kraposhin, A. Epikhin, V. Melnikova. The Eulerian-Lagrangian approach for the numerical
investigation of an acoustic field generated by a high-speed gas-droplet flow
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TeyeHuss ¢ Mexxda3HoOi NOBEPXHOCTbLIO

3D simulation can be viewed on
YouTube
https://youtu.be/fqqSXh5t_38

18/24


https://youtu.be/fqqSXh5t_38

Hedopmauns kanin

ZU Z0.U
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HecTaunoHapHble TeveHuns

MogenunpoBaHue cpbiBa BUXpsi 3a npodpuiem

Beinonxexo
Dr.-Ing. Jorn
Beilke
https://www.
beilke-cfd.de/

Time: 5.40

BsaumopeiicTeue ctpatudmkaymm n HeyCTORYnMBOCTER

p2—p1 _ pP2—p1 _
p2t+p1 0 p2t+p1 0.037
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PerynsipusoBaHHble ypaBHEHUS MENKOIA

oh
5 +divjm =0, BOABI (1)
0 (hu h?
(8 ) iV (jm @ u) + Vg =h"(f" —gVb) +£° +divIl, (2)
h = h — 7div (hu), (3)
jm=h(u—w), (4)
= % [div (hu ® u) + ghV (b + h) — hf* — £°], (5)
II=7mu®h(u-V)u+ ghV (b+ h) — hf" — £5]+71 [ghdiv (hu)], (6)
i /\ Bynatos O. B., Enusaposa T. T.
——=XHe S PerynspnsosaHHble ypaBHeHUs MesKol Bogbl 1
n g 3PPEKTUBHbIN METOL YUCTEHHONO MOLENNPOBAHUS
§=h+b TedeHnii B Hernybokux Bogoemax // YKBMuM®.
jb_T 2011. T.51, Ne 1. C.17-184. DOI
0 x > Bynatoe O.B., Enusaposa T.I. (2016)

Paspabotka Begetcst A.B.

Kengbiwa PAH n NCIM um. B.IM.
C.158-177
Neannnkosa PAH)

PerynsipusoBaHHble ypaBHEHUS MesKOl BOAb! Ast
YNCJIEHHOTO MOAENINPOBAHNS TeYEHU C NOABUXKHOW

Wsarosbim (UMM um. M.B. 6eperosoii snHnern. XXBMuM®. 2016. T.56. Ne 4
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https://doi.org/10.1134%2FS0965542511010052

O
2 ecid 1sp
CpaBHeHue ¢ 6a30BbIM peLiaTenem

[Mpumep: 3agaya Pumana.

—-shallowWaterFoam
—Exact solution

---RSWEFoam
x €[0,L],h; =10 m,
h,=0.1m
L =2000 m, u=0.
Z
hl I
1
| h,
1 X 0
1 -0.14
L/Z VUTé]D 1612 1614 1616 1618 1620 1622 1624 1626 1628 1630 1632
L

TonwmHa cnost BogbI,
Az =1wm, aa=0.1.
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3ajada 0 3aTOMAEHNN NMOBEPXHOCTU C
TPEMS KOHyCamy

VlCI'IOJ'Ib3yeTC$I KaK O4WNH N3 TECTOB ANA NMPOBEPKN BO3MOXXHOCTU
HNCNEHHOro anropnTMa pa6OTaTb C CyXnmmn obnactamu.

Kanan: 75m x 30m.

PaspbiB pacnonoxeH Ha nuHuM

x = 16M, ToNWMHA CNOst XKULKOCTU
cnesa oT paspbiBa h = 1.875m, B
OCTasIbHOW — Cyx0e [HO.

Ax = Ay = 2m. s o1 orsasomsos ot anoms oy o assens 1o

l=16Mm

TosmuHa
ciost:
h = 1.875m x

L =75m
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3akntoueHmne
Crpanuua GitHub QGDsolver

® https://github.com/unicfdlab/QGDsolver

® Tekywas setka OpenFOAM+: 2012 (BeTka peno3suTtopusi
digitef-dev-2012)

® Cnepytowas setka OpenFOAM: 2112

® Bepcusi oSt ypaBHEHWA MeNKOI BOAbI:
https://github.com/kanorianec/QGDsolver

[pynna Tenerpam QGDsolver
https://t.me/qgd_qhd

VuebHbie Tpekn QGDsolver

® https://github.com/unicfdlab/TrainingTracks/
tree/master/OpenFO0AM/QHDFoam-0Fv2012

® https://github.com/unicfdlab/TrainingTracks/
tree/master/OpenFO0AM/QGDFoam-0Fv2012
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https://github.com/unicfdlab/QGDsolver
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