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Komnnekc nporpamm NOISEtte ana CFD/CAA pacueTtoB

PeweHwne 3apay BbIYMCNINTENBLHOM a3pOANHAMUKN U a3POaKYCTUKN
Ha OCHOBe aniropMTMOB MOBbILLEHHONW TOYHOCTH
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MaTtemaTunueckue monenu

e basoBasa cuctema ypaBHeHU ANl CKMMaEeMoOro rasa

0Q  OFQ)  0GQ) A 0HQ 1 (UF;,(Q) +0GV(Q)+0HUEQ)>

ot o dy 0z  Re ox Jy d

Q — BEKTOP MOJTHbIX UIK NIMHEAPWN30BaHHbIX KOHCEPBATUBHBIX NEPEMEHHbIX,
F, G, H — BEKTOpa MOJHbIX NN NTIMHEeapN30BaHHbIX KOHCEPBATUBHbLIX MOTOKOB
F., G,, H, — AMccunaTmeHbIX, Re — uncno PelHonbaca.

e Cemencreo moaeneun dunepa

« EE - nonHble ypaBHeHus Junepa

NSE - nonHble ypaBHeHUs HaBbe-CTokca

LEE - nuHeapu3oBaHHbIE ypaBHEHNA Jdunepa

NLDE — ypaBHeHUs1 Qnnepa, HefMHENHbIe 1151 BO3MYLLEHWN

e Mogenu TypOyrneHTHOCTHU

* RANS, URANS (SA, KE, KO, SST)

 LES (CmaropuHckun, S3PQ, S3QR, S3PR, WALE, Sigma, Vreman, Verstappen)
* DES, DDES, IDDES, PANS

e [MorpyxeHHble rpaHuyHble ycnosusa — IBC
e MeTop pacyeTa aKycTMKu B ganbHem none FW/H
e CTOXacTnyeckue metoabl reHepaLum BXOAHOro CUrHasna u TypoysneHTHbIX Nosen

« benbin Wwym, 3agaHHbIN CNEKTP
* SNGR mopenb
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EDaweekend: CED/CAA koa NOISEtte

HYucneHHble mMeTOoAbI

e HecTpykTyprpoBaHHbIe CeTKU
» TpeyronbHble/TeTpasgpanbHble CETKM
» [MBpuaHble ceTKn (anemMeHTbl 40 6 rpaHen)

e CxeMbl NOBbILWEHHOW TOYHOCTHU
+ EBR cxeMbl ¢ KBa3ogHOMEPHOW PEKOHCTPYKLUNEN
* [NonuHomwmnanbHas KoHe4YHO-06beMHas cxema

e PumaHoBCKMe conBepbl:
« [ogyHos, Poy, XyaHr

e ManomaxoBble Te4YeHUs
» lNpepobycnaenueatens Typkens

e Pa3pbiBHbIe pelueHUs
WENO-EBR cxembl
MUSCL-TVD EBR cxembil

UHTerpupoBaHue no BpemeHu

AsHas cxema (PyHre-KyTtTta 1 — 4-ro nopsigka) f
HesBHaga cxema 1-2 nopsigka ¢ nuHeapmsaumen no HbHTOH
pa3HOCTHOM CUCTEMbI YpaBHEHUN

e Pewatenu CJ1AY
BICG-Stab ¢ nokanbHbIMK Br104HBIMK NpegobycnasnueaTenamm
MynbTUCUCTEMHbINA PEXUM

« lpaHuyHbIE ycnoBus

« TBepable CTEHKU — OTpaXeHue, NpununaHue

« HeoTpaatowue rpaHnYHbIe YCIIoBUS

« [Nepvoguyeckue ycnosusi - ¢ TOMNOMNOMMYECKUM 3aMblKaHUEM
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MapannenbHbie TeXHONOMMU

e MHoroypoBHeBoe pacnapannenumBaHue MPI+OpenMP
AnAa cuctem ¢ Yucnom agep 6onee 100000

e CyliecTBEeHHO-MHOronoTo4YHOe pacnapannenMBaHue
Cc ooLwen NnaMATbLIO HA COTHUN HUTEN

e [MonHasa aganTauua anropuTMa K NOTOKOBOM 0bpaboTke
COBMECTUMOCTb C MaCCMBHO-NapannesibHbIM1U YCKOPUTENSIMMW.

e [eTeporeHHble BbIYNCNEHUSA
Mcnonb3oBaHue yckoputenen Intel Xeon Phi
B CUMMETPUYHOM pexnme

e lMapannenbHaa MHdpPaACTPyKTypa npe- n noctnpoueccopa
pacnpeneneHHas obpaboTka AaHHbIX CBEPXOONbLLIOro obbema,
HECTPYKTYPMPOBAHHbIE CETKM C YNCIIOM 3riemMeHToB Bonee munnuapaa.

e Bbicokasa npou3BoaAuUTeNIbHOCTb BbIYUCIIEHUN
sABHasa cxema ~15-20% ot nuka CPU agpa, pacxog namatn ~2 Kb Ha y3ern;
HeaBHada cxema ~10-15% (B Tectax Ha Intel Xeon X5670), 4 ~ 5 Kb ysen.

° BCTpOGHHbIe cpeacTBa.
MHCTPYMEHTAlIbHOE I'IpOC*)VIJ'II/IpOBaHI/Ie, MeHeXep NamMAaTn, KOHTPOJ1b CTEKa, CHETHUK NPON3BOANTESIbHOCTH
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CEDweekend: CED/CAA koa NOISELte

MapannenbHbie TeXHONOMMU
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CI'IeKTp pewaemMbliX 3aga4d. alpoANHAMUKA U a9POaAKYCTUKaA

e 3ByKonornouwarwme KOHCTPYKLUU
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MNMporpecc 3a 2016 roa

e [InHaMmnyeckn aganTUBHbIE CETKMU

e HoBas cxema Unsteady Flux Correction

e HoBbLI MeTo4 pacuyeTa NoAceTOYHOro macwTaba

e ABTOMaTnyeckum |IJK-pexmm nocTpoeHuns pedbepHO-OpUeHTUPOBaHHON CXeMbl

e MNep3ByKOBble TeYeHUS

o Ynyql.ueHml no napannesibHbIM BbIYUCIIEHUAM

e HoBble pacyeThl

CeKTop BbluucnutenbHon asapoakyctmku UMM nm. M. B. Kengbiwia PAH
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AuHamMmuyeckune ceTku: ckonb3awmm nHtepdenc Scheiben

e Agantaumsi 06 bEMHO-LEHTPUPOBAHHbIX CXEM C KBA3MOAHOMEPHOMN PEKOHCTPYKLUMEN NepeMeHHbIX
ANsi pac4YETOB Ha CKOMb3ALWMX CeTKax

e Pdopma BpawarLWmMXca nogoodnacren uunuHapuyeckas
e [lonyckaloTcA BroXeHHble NoaobnacTu, Bpaljarowmecs BOKPYr pa3HbIX ocen

e PeanunsoBaHo ana ypaBHeHnn dunepa n HaBbe-CTokca ¢ coxpaHeHueM 2-ro nopsigka TOMHOCTHU

M. A. baxsanos, B. I. bo6kos, T. K. Ko3sybckas, lNpumeHeHne cxem ¢ KBa3aMOgHOMEPHOW PEKOHCTPYKLNEN
nepeMeHHbIX 151 pacHETOB Ha HECTPYKTYPUPOBAHHbIX CKOMNb3ALLNX CETKAX,
MaTtemaTnyeckoe mogenupoBaHue, 28:8 (2016), 13—-32

CeKTop BbluucnutenbHon asapoakyctmku UMM nm. M. B. Kengbiwwa PAH
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ﬂuHaMqucxu afanTUBHbIe CeTKU

e [lnHamMunyeckas agantaums 6e3 U3MeHeHUs TONMoSIorMn Ha OCHOBE NepepacrpenerieH1s y3roB CeTKU
(“r-meToabl” nnun “moving mesh”)

L OTcyTCTBVIe nepenHTepnondaAunun peLueHuns

e CoxpaHeHue NPUHUMNOB pacnapannenuBaHUsA, aHaNMormM4YHbIX AN HeNOoABUXHbIX CETOK
He BHocuTCA aucbanaHc, He TpebyeTcs auHamumyeckasa 6anaHcnMpoBKa 3arpy3sku

Peannsauua aganTMBHbIX AUHAMUYECKUX CETOK
(AMR — Adaptive Mesh Refinement)

\ 4 A 4

4 ) _
Moaynb movmesh Moaynb motion

nepecTporika reoMeTpumn gyeek ABWXEHMEe CEeTOYHbIX Y3I10B

ydyeT OBMXKEHUS rpaHen

Fr+Fo T E
Fik: i T M V Q|k+Q|k E|A|(QI|(_Q)

ik

2 "2
o v
\ 4 \ 4
ApanTtauma no 3agaHHOMY Mofsito [BmxeHne rpaHuy, obnactu
(nogBwXHbIE 00BEKTBI MeTogom IBC, (aspoynpyrocTb)

aganTtaums K peLleHunto)
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,uVIHaMVI‘-IeCKVI afanTUBHbLIE CEeTKM

OcHoBa meToAa aganTauuMu: NOCTPoOeHUe B3auMHO OAHO3HAYHOro OTOOpaXXeHUs Mexay
BbIYUCIIUTESIbLHOW U Pac4Y€THON obnacTamm

Q. Q X XN
A Q: a=x<X...<X, =h, jy(x)dx: =Iy(x)dx
x=x(§) .
> > w Q. 0=§<E,...<& =1 §&,=(j-1)/(N-1)
\ Vi
i xy) b
. i d dx
s =5(x) l;”ﬁé !y(X)dX:&J!y(x)dX——) e v( )d_g _

e

\ X
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*Winslow A. J. Comput. Phys. (1967) 1: 149
**Cao W., etal. J. Comput. Phys. (1967) 149: 221 MMPDES - meTop,
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,uVIHaMVI‘IeCKVI afanTUBHbIe CeTKU
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,uVIHaMVI‘-IeCKVI afanTUBHbIe CeTKU

Mpumep pabotbl AMR + IBC pexnma Ha agBMXXeHUu uunuHapa, Re=200

PedepeHc Cetka 1 Cetka 2 Cetka 2A
Sh 0.19 0.189 0.186 0.191
Cd_mean 1.34 1.218 1.118 1.301

Cetka 1: 391628 y3en, 782824 anemeHT

Cetka 2: 110272 y3sen, 20230 anemeHT

http://caa.imamod.ru
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CEDW D/ICAA koa N Ette

D,VIHaMVI‘IeCKVI afanTUBHbIe CeTKU

NMpumep aganTaumMm K NPon3BONbLHOMY MOS0

[

T
T 1T

op BbluucnutensHon asapoakyctuku UMM nm. M. B. Kengb
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Cxema Unsteady flux correction (UFC)

OcHOBHbIe CBOUCTBA

e [1na aganTUBHbIX CETOK — coxXpaHsAaeTCH LWabroH cxeMbl,
HU3Kad BblYUCIinTesibHasds CTOMMOCTb NMNOCTPOEHUA reoMmeTpun

e CoxpaHsieT TOYHOCTb Ha KBagpaTU4HOM (hyHKUUM (ONA rnagknx peeHumn)
B CTaLMOHapHbIX 3aga4vyax, TOMHOCTb Ha IMHENHOW (PYHKLMM B HEeCTaLMOHaPHbIX 3aga4vax

o MCI‘IOﬂb3y9T CneKTpalibHble ANnemMeHTbl A5 annpoKkcumMauunuum rpaaneHToB
e Hwu3skas BbluncnuteribHas CTOMMOCTb CXeMbl
o 3-” nopAAoK AnA CtTalMoHapPHbLIX 3aaad

e 3-11 NOPAAOK ANA HecTauMOHapHbIX 3agad Ha TC-ceTkax

TC-ceTka

e 2-1 NOpSAAOK ANsi HeCTauMOHaPHbIX 3a4a4 Ha NPOU3BOSIbHbIX HECTPYKTYPUPOBAHHbIX CeTKax

Baxsanos lN.A., Kosy6ckas T.K. Mogndunkauusa cxembl Flux Corrector 4nsi NoBbILLEHNS TOYHOCTU peLLEHMS
HecTauunoHapHbIx 3agad NpenpuHTtel UMM nm. M.B.Kengeiwa. 2015, Ne 69. 24 c.

CeKTop BbluucnutenbHon asapoakyctmku UMM nm. M. B. Kengbiwia PAH http://caa.imamod.ru 15




Cxema Unsteady flux correction (UFC)

UcxopHaa cxema Flux correction (FC) Ha npumepe ypaBHeHUA nepeHoca

ou

—+a-vu=0
at i
du. FC e 1
—!+la-Vul =0 VU(X)]i = — N U
dt | ]' | Vi jeNZ}(i) o
- (i) — 1 v
) Uﬁ'),aij n, >0 u; —ui+§(rj—ri)- u(r,)

i~ ),(0) 5 . - 1
Ui, a; Ny <0 Ui(jj) =u, +E(ri —r;)-Vu(r)

Vu (ri ), Vu(r‘j ) [OmKHbI BEIMUCIIATLCS C HEOBXOAMMOIA TOHHOCTbIO

Katz A., and Sankaran V., “An Efficient Correction Method to Obtain a Formally Third-Order Accurate
Flow Solver for Node-Centered Unstructured Grids,” Journal of Scientific Computing, Vol. 51, 2012

CeKTop BbluucnutenbHon asapoakyctmku UMM nm. M. B. Kengbiwia PAH
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Cxema Unsteady flux correction (UFC)

Cxema Unsteady flux correction (FC) Ha npumepe ypaBHeHUs nepeHoca

u
NcxogHas FC cxema E + [a-Vu]FC =0
UEC . du FC
SaUfa-vu] =0

MaTpuua U Takagq, 4to

1. cxema ocTaeTcsa KOHCepBaTUBHOM

2. cxema AomkHa 6bITb TOYHOW Ha NMUHENHON dOYHKUMN

3. HOBOE CBOWCTBO - 31 nopsaok Ha TC ceTkax Ha HecTauuoHape

(C V. +V, .
— - , k eN,(i
12 2v =N.0)
Ue = - Vi+vk, k=1
12 keNl(i) 2VI
0 otherwise

http://caa.imamod.ru 17
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Cxema Unsteady flux correction (UFC)

TecTupoBaHue Ha rayccoBoMm umnynbce, LEE

EDaweekend: CED/CAA koa NOISEtte

Cxema EBR3 EBR5 Steady FC UFC
h=1 6.71e-3 7.41e-4 1.15e-2 4.10e-3
C-Hopma h=1/2 9.71e-4 2.63e-5 2.75e-3 5.14e-4
num. order 2.79 4.84 2.06 3.00
h=1 1.66e-3 1.59e-4 3.12e-3 9.78e-4
L1-Hopma h=1/2 2.31e-4 7.71e-6 8.03e-4 1.21e-4
num. order 2.85 4.88 1.96 3.01
theor. order 3 5 2 3
h=1 4.79e-3 1.82e-3 1.39e-2 2.82e-3
C-HopMma h=1/2 6.54e-4 4.36e-4 3.21e-3 3.51e-4
h=1/4 1.04e-4 1.09e-4 7.68e-4 5.99e-5
num. order 2.65 2.41 2.00 2.55
h=1 7.23e-4 2.50e-4 2.35e-3 4.45e-4
L1-Hopma h=1/2 9.70e-5 5.15e-5 6.02e-4 5.70e-5
h=1/4 1.37e-5 1.24e-5 1.51e-4 8.22e-6
num. order 2.94 2.03 2.01 2.79
theor. order 2 2 2 2

TeTpasgparnbHble
TC-ceTku

KBasun-ogHopoaHble
TeTpasgpanbHble
CETKM

Baxsanos IN.A., Ko3ybckas T.K. Mogudumkaumsa cxembl Flux Corrector 4nga noBbILWEHNUSE TOHHOCTU PELLEHUS

HecTaumoHapHbix 3agad lNpenpuHTtel UM nm. M.B.Kengbiwa. 2015, Ne 69. 24 c.
CeKTop BbluucnutenbHon asapoakyctmku UMM nm. M. B. Kengbiwia PAH
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MoaudpuunposaHHaa cxema Unsteady flux correction (UFC)

TecTupoBaHue Ha rayccoBoMm umnynbce, LEE

1| —— EBR3

0014{ —EBRS
£ 1| —FC
Q 1| —UFC
T 1| —— U*FC
>§< 1E-3 4| —— UFC, polynomial grads
© ]
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CX0OUMOCTb Ha HECTPYKTYpUPOBaHHbIX M TC (MYHKTUP) TPeyronbHbIX CeTKax

CeKTop BbluucnutenbHon asapoakyctmku UMM nm. M. B. Kengbiwia PAH http://caa.imamod.ru 19



HoBbili MeTOA pacyeTa noaceToMHOro Macwraba

i+ (T-V)i=Vu—-Vp-V-7(t) ; V-u=0
eddy-viscosity — 7 () = —2v,.5(0)

Ve = (Cmd)2Dp(T)

D,(u) — Smagorinsky (1963), WALE (1999), Vreman (2004),
QR-model (2011), o-model (2011), S3PQR? (2015)...
Cm — Germano's dynamic model (1991), Lagrangian dynamic (1995),
Global dynamic approach (2006)

07

2F X.Trias, D.Folch. A.Gorobets A.Oliva. Building proper invariants for
eddy-viscosity subgrid-scale models, Physics of Fluids, 27: 065103, 2015.

F.X.Trias, A.Gorobets, A.P.Duben, and A.Oliva. "Building a new subgrid characteristic length for LES". In Fourth
International Workshop Computational Experiment in AeroAcoustics, Svetlogorsk, Russia, September 2016.

CeKTop BbluucnutenbHon asapoakyctmku UMM nm. M. B. Kengbiwia PAH
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HoBbIh MeToa pacyeTa noaceToOMHOro maclutaba

@ In the context of LES, most popular (by far) is:

Svol = (AxAyAz)/3 |—— Deardorff (1970)

Ssco = F(a1, 32)dvol, 52 = \/(Ax2 + Dy2 + Az2)/3

@ In the context of DES:
dmax = max(Ax, Ay, Az) < Sparlart et al. (1997)

Recent flow-dependant definitions

0w = \/(w)%AyAz +w2AxAz 4+ w2AxAy)/|w[?> <= Chauvet et al. (2007)
~ 1

dw = 7 n,mrielli(...,B [In — Im| <= Mockett et al. (2015)
Ss1.A = 0w Fiu(VTM) < Shur et al. (2015)

F.X.Trias, A.Gorobets, A.P.Duben, and A.Oliva. "Building a new subgrid characteristic length for LES". In Fourth
International Workshop Computational Experiment in AeroAcoustics, Svetlogorsk, Russia, September 2016.
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HoBbIh MeToa pacyeTa noaceToOMHOro maclutaba

Idea: o, appears in a natural way when we consider the leading term of
the Taylor series expansion of the subgrid stress tensor,

T(u) - — GGT +O(6%) T(u) - —GngT +O(6%
phy5|c;rl space computat?;nal space

A least-square minimization leads to

G@;G(ST - GGT
%sa =\|"GGT. GG
G=Vu Gs = GA
S " " - -
physical space computational space
A i}
where for a Cartesian grid A = Ay
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HoBbIh MeToa pacyeTa noaceToOMHOro maclutaba

GsG : GGT
Osa =\l GGT - GGT

@ Locally defined: only G and A needed (Gs = GA)

@ Well-bounded: Ax < d5q < Az (assuming Ax < Ay < Az)
e Sensitive to flow orientation, e.g. for rotating flows (G = Q)

w2(Ay? + Az?) + wf,(&xz + Az?) + w2 (Ax? + Ay?)
a7 2P

@ Applicable to unstructured meshes
@ Easy and cheap
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HoBbili MeTOA pacyeTa noaceToMHOro Macwraba

Comparison with classical

Comte-Bellot & Corrsin (CBC) experiment Rer =395 DNS Moser et al. LES 32 x 32 x N,
, | Re.=1395 32x32xN. . ' ' < ' ' i
-1 L 32x32xN CBC o i 12 €t XI2XINy DNS (MKM)
107 ¢ ! N b S \ New approach Slsq —_
i EW 4PProacht Oisq 10 Deardoff §,,, ——
Deardoff &,,, ——
8 H _
< oY E g ~ o6 -
0 L
107 | B : =(32,128,512]
o 2 1 : : 4
N,=(32,64,128,256,512,1024,2048} d ——
10 0 50 100 150 200 250 300 350
1 ) 10 5*
1.0 T T =
® Re=11x10° M=0.9
. 08 4
@ DES results using NOISEtte code [
° - 1. . . i
Meshes: 1 52M~, 4.13M and 8.87M > 55 F._(<VTV) 7
e Comparison of d,, and dsq > —— 523, F o (<VTM>)
- A Exp. (Lau) a0
% 04F  m Exp. (Arakeri) o
= | @ Exp. (Simonich) "or,
= . @ Exp. (Bridges) s
0'27 1 1 1 1 ] I
0 5 10 15 20 A )3 — TN
x/D [ (<MTV>), 366 ——

ar or 20 00 2.0- 0.r- ar-
aw
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rI/Inep3ByKOBble Te4yeHus

e PeanusoBaHbl pumaHoBckue conBepbl HLLE, HLLC, Jlakca-®pupgpuxca
e Moandukaumm EBR cxembl EBR-WENO3 n EBR-WENO5

e TeueHue BOKpyr BpaLjarowiencsa ccepbl
M=10; w=0, 0.1, 0.2; Re=4500, 45000

Cetka 120 TbIC. y3n0B M6punaHas ceTtka 900 ThiC. y3noB

Frame 001 | 23 May 2016 | NOISE tte++

-

HeatFluxnode

0.0012
0.0011
0.001

0.0009

Re =1000

0.0008
0.0007
0.0006
0.0005
0.0004
0.0003
0.0002
0.0001

e
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rI/Inep3ByKOBble Te4yeHus

e PeanusoBaHbl pumaHoBckue conBepbl HLLE, HLLC, Jlakca-®pupgpuxca

e Mogudmukaumm EBR cxembl EBR-WENO3 n EBR-WENO5

e TeueHue BOKpyr BpaLjarowiencsa ccepbl
M=10; w=0, 0.1, 0.2; Re=4500, 45000
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YnyuweHuA pacnapannenuBaHus

e PeanusoBaHa aBTOMaTu4yeckasi KoHcurypauusi pacnapansenmBaHus

e R
NODE_ NS YUCJIIO COKETOB
NODE_CPS Aaep Ha cokeTt 11111111 00000000
NODE_TPC NOTOKOB Ha AApPO p ~
NODE_Torder Hymepauus BUPT. NODE
npoueccopos — — — —
N J ( core l \: ,‘ core ;\IE\ ( core l\: |{ core ‘:\
4 N\ I I I R —
MPI_NP YUCIo npoueccosB : core l : : core l : : core l: : core :
ICPU 1 IcPU | —— |
MPI_PPN npoueccoB Ha y3en E El: E El: EE: i core | !
MPI_ID ID npouecca I Lo : I : 3 :
MPI_Porder  Hymepauwms &@' '\% &@' '\_Cfrf/)
MPI_LID noKanbHbIA ID )
- .
OMP_NT 4YMCIO NOTOKOB 000000001111 1111
OMP_TN HOMep NoToKa
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Yqul.ueva pacnapannennBaHuA. reHepauna MmaCkm npnBA3Kn nNnoToKkoB

Pecypchl y3na npeactaBneHbl B Buae cnucka BUpTyanbHbiX npoueccopos (VP)
NVP = NODE NS x NODE_CPS x NODE_TPC

BbutoBasa Macka Ansa KaXxporo nortoka onpeaenseT, Ha Kaknx VP OH MOXeT BbINONHATbLCA

O — atoT VP HegocTyneH NOTOKY
1 — 3TOoT VP gocTyneH noToKy

MNMpepctaBneHue B BuAe 3D bool maccuBa A[NODE_NS][NODE_CPS][NODE_TPC]
NpeobpasoBaHue B 1D 6utoByto macky no [NODE_TPC][NODE_NS][NODE_CPS]

Mpumep — aBa 6-aaepHbIX CPU ¢ HT

CPUOHTO CPU1HTO CPUOHT1 CPU1HT1

111111 111111 111111 1111111 - BCE AOCTYNHO
111111 000000 111111 0000000 - Tonbko oauH CPU
001000 000O0OO 001000 0000000 - TOonbko ogHO sIAPO
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YnyuweHua pacnapannenuBaHuA: aBToonpeaeneHMe napameTpoB

e Bce napameTpbl y3na onpegensatotca yepes dann /proc/cpuinfo

processor : 23

vendor id : GenuinelIntel
cpu family : 6

model : 45

model name : Intel (R) Xeon(R) CPU E5-2620 0 @ 2.00GHz
stepping : 7

cpu MHz : 1200.000
cache size : 15360 KB
physical id 1

siblings : 12

core id : 5

cpu cores : 6

e [NapameTpbl MPI 3anycka — yepe3 hostname unu ¢yHKkumen 3-ro ctaHgaprta

int MPI_Comm_split_type(MPI_Comm comm, int split_type, int key, MPI_Info info, MPI_Comm *newcomm)

split_type = MPI_COMM_TYPE_SHARED
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YnyuweHua pacnapannenuBaHua

e [paBUNLHO BbiCTaBNeHHas NPUBA3Ka npegoTBpaLlaeT
Murpauuio notokoB mexay coketamm unu NUMA-y3namm,
BbIMOJSIHEHME npouecca bonee 4yem Ha ogHoM cokete unu NUMA-y3ne
NoTepu Ha K3Ll KOrepeHTHOCTb MeXAy CcoKeTamMu
noTepn Ha COGCTBEHHO NMOTEPHO KIL
notepu Ha NUMA cpakTop

e [lpnmep Ha pacyeTe TevyeHUsa BOKpyr cpepbl M=10
rmbpunaHas cetka 882524 yanos, 1495364 areMeHTOB

e PacuyeTt Ha AByx y3nax knacrtepa K-10
MPI_NP =4, MPl_PPN=2
y3nbl: 2 X 8-core Intel Xeon CPU E5-2660 2.20GHz

4 )

UcxoaHaa npuBsai3Kka — BCE pa3peLlleHO BCeM NoToKam 1.35 cek.

lNMpaBunbHaa NpuBA3Ka MO KOHKPETHbIM Aapam 0.92 sec

\. .
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YHucgpuyuposaHHoe MHOroypoBHeBOE€ pacnapannenuBaHue

Bce onepauum no rpaHsAM, CeTOYHbIM 35ieMeHTaM, rPaHUYHbIM rpaHaM, pebpam
pacnapanneneHbl egUHbIM OOpa3oMm

e [Ina MP| nogobnactu ctpoutca rpad v aenaetcs pa3bmMeHne Ha BHYTpeHHMe nogobnactu

e /3 nHTtepencHbIX afieMeHTOB, CBA3aHHbIX C A4enKamu (y3rnamum) us pasHbix
nogob6nacrten, hopmMmupyetTca HoOBbIN rpad

e [ina HoBoro rpaca BbINOSIHAETCA AEeKOMMNO3MLUMA crneayroLlero ypoBHS
e [lpouecc noBTOopseTcs, NOKa UHTephenc He NCHe3HeT

XN

SOLNLALA

LN YSIINV Y Y
VAVAS AV
N\

lopobeu A. B. "lMapannenbHas TEXHONOrMsa YACNEeHHOro MoAenMpoBaHnNA 3agay ra3oBon AUHaAMUKK anropMtmMamm
nosbllleHHON ToyHocTU", 2KBM 1 MO, T. 55, Ne4, c. 641-652, 2015.
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PacnapannenMBaHue MHMUuanusauuu

Ana pac4yeTtoB Ha yckopuTtensax Intel Xeon Phi

e BbinonHeH nouck U pacnapannenuBaHue TeHeBOMW Harpy3ku, HesameTHon Ha CPU

e PacnapannenueaHue BblYUCNNUTENIbHO-€MKOW UHULMANM3aLmm
yckopeHue Ha Phi okono 10 pa3 oTHOCUTeNbLHO NocreaoBaTeNbLHOro peXxuma

Onepauus s:ggs:::e 1,4 impl U2
PeKOHCTPYKUNSA KOHBEKTUBHBLIX MOTOKOB 124 L2
PacueTt gnccnnatmBHbIX NOTOKOB 74 1
PacueT y3noBbIx rpagneHToB 65 0,8 1
O6uwee 92 0.6 -
0,4 -
0,2 -

8-core CPU Intel Xeon E5- Intel Xeon Phi SE10X
2690

b X .
E K2 01 02 05 1.3 28 68 157 360 250

YcTtaHoBUBLUEECA Te4YeHUue B KaHarne
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ABTOMaTnyeckun IJK-pexmm noctpoeHusa pedbepHO-OpUeHTUPOBaHHON CXEeMbl

e ABTOMaTHU4ecKoe onpeaerieHMe CETOYHOM NIMHUU, BAOJNb KOTOPOM OyaeT NPoUCXoauT PeKOHCTPYKLMUSA

e JlokanbHO ANsA Kaxaoro pedpa

e B cnyyae HeCcTpyKTypupoBaHHOM ceTKM — nepexoa Ha EBR nHTtepnonaunoHHble KOHCTPYKLUN

OO == ======—==%%§§%§;’1§E%‘%‘ﬁgﬁggﬁ%’é"
R A A A A S S A
R IAAPCE VAV A S SN o SO S AV g
R RO S SO S NSRRI )
D A YaVavavay e AYAVA i L e AN NN e S SO
RV ATAYAvAVAVALY: SRR
TAVAVAVAVAVie S Ly N AVA AN (g s Y SO S S s O
AV AVAVAVAVAVAVAVAYAY ANy sy SN s S A
R
ZAVAVAVAVANVAVAN AV, SSVAVANIS g SIS SO SN EAVANq
A R
Y Pay)

N/10 = obLliee KonnyecTBo ToYek B LLabnoHe
N%210 = KoNM4ecTBO ToYeK B LWAbrnoHe BAONb ceTouHOoM NnHuK (1JK)
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EDaweekend: CED/CAA koa NOISEtte

Moaudukauma cxembl AnNA Te4eHUn ¢ manbiMmm Yucnamm Maxa

e Moandumkauma puccmnatuBHou 4actm B metoge Poy

F. Rieper. A low-Mach number fix for Roe’s approximate Riemann solver
Journal of Computational Physics, 2011, v.230, Ne13, p.5263-5287.

e TecTupoBaHue Ha HeBA3KOM obTtekaHun NACA0012
KO3 DULIMEHT CUITbI CONPOTUBIIEHUS
Tun ceTkn M=0.15 | M=0.01 |M=0.001
CTpykTyprpoBaHHasi -0.851e-5 | -1.000e-5 |-1.092e-5
HecTpykTypupoBaHHas 1.630e-5 | 2.022e-5 | 2.201e-5

1.0 o Pacyér M =0.01
PacyéT HecXXnmaemon XMAKOCTH

T T T T T T M T T T T T T T T T T T T T
00 01 02 03 04 05 06 07 08 09 1.0
c/b

CpaBHeHne KoahdpuumeHTa gasneHnsa Ha nosepxHoctn M=0.01
C pac4yeToM Mo MOAENIN HEBA3KOW HECKMMAEMOW XXNOKOCTH

N30n1MH1UMN n3bbITOYHOro AaBneHus
BO6NM3N nepegHen KPOMKM npouns
6e3 mogundmkaunmn(ceepxy) u ¢
Moandukaumnen (CHU3Y)

.B. ABanakuH, B.I. bo6bkos, T.K. Kosybckas, PazpaboTka meToga pacyéTta Te4eHur C ManbiMy Yncnamm maxa
Ha HECTPYKTYpPUPOBaHHbIX ceTkax B nporpammHom komnriekce NOISEtte, MaTtemaTuyeckoe mogenupoBsaHue, Homep 4 unu 5, 2017.
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Pacuetbl 3a 2016 roa

e Pacuetnl pacyeT adpoaAnNHAMUNYECKUX U aKYCTUYHECKUX XapPaKTepPUCTuK
HecyLllero n pyneBoro BUHTa BeprtosieTta

3BONMOLNA KOHLIEBOIo BUXPA BUHTA
MOAeribHOro Hecyuwlero BMHTa

[__THENEEN |

MoAenbHbIA HECYLLUNA BUHT MrHOBEHHbIE MOJI CKOPOCTU MPU PasfnUYHbIX yrriax yCTaHOBKU
nonacTeun KoHUrypauum «BUHT B KOSbLiEe»
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UccnepnoBaHue aapoanHaMuUK1M U a3p0aKyCTUKM BUHTA B KOnbLie

Cetkun 0o 6.4M ysnos / 21M anemeHTOB

D ¥ - /
R%a \
“\‘;-" ? V' o
3 €u® W/ 100°
L L )

90°
0.1 |
{ e ¢ (m,) Bra (akcriepvven) i 80°
010 1 —A—c,(m,) Bma (NOISEtie NS) s il
0.09 e 4 70°
008

0.07 1 A,'/y
0.06 s
0.05 /p( .....
004 / | - : |
0.03 4 bl ! 20°

. M“Q 4500 100 B
0.02 g

001 - f [narpamma HanpaBneHHOCTH,
3 - ..F T
0o 1Z _ yron yctaHoBku nonactu 30°
001 e
0.00 0.01 0.02 0.03 0.4 0.05
m

K

Mongpa C(my) BMHTa

CeKTop BbluucnutenbHon asapoakyctmku UMM nm. M. B. Kengbiwia PAH

http://caa.imamod.ru 36



cEDWeekena:s CED/CAA koa NOISETLte
I/Iccne.qOBal-wle aldpoaAvnHaMUKN HecyLllero BuHTa

Vorticity Magnitude: 5.0E+01 8.5E+01 1.4E+02 2.5E+02 4.2E+02 7.1E+02 1.2E+03 2.1E+03 3.5E+03 59E+03 1.0E+04 1.7E+04 2.9E+04 S.0E+04 8.4E+04 14E+05 2.4E+05 4.2E+05 7.1E+05 1.2E+06

4-nonacTtHOu BUHT, R = 1.95 m,
xopaa 0.18m, BpaweHue 668 06/mnH, M=0.2

Yron YUuncno
YCTaHOBKM 3nemMeHTOB
rionactu

2833910 | 12212904
4917 414 | 24 436 612
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MapameTpbl Te4yeHUS:
Rep=1.1-10°
M...=0.9

jet™—

Cetkal.5 MnH:

QU,,/D=0.5 isosurface

wU,,:0 01020304 0506070809 1

CrDwesssnels ORDICAN L@ INCISISIE
[o3BykoBas CTpys

NMapameTpbl pacyerTa:

e Cetkn fo 8.8 MIH. y3nos

* OpHoBpeMmeHHO 3agencTeoBaHo 48-1024 aagep
* Cynepkomnetotep: K100, JlomoHocoB

Cetka 4.1 MInH: | CeTtka 8.8 MnH:

] UMID=0A5 isosurface Q~U‘NID=0.5 isosurface

u/U,:0 010203040506070809 1 U0 0.1020.3040506070809 1

y/D3

10 f_dp/dt: -0.01 -0.006 -0.002 0.002 0,006 10,701J

0 10
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y/D3

10

(&)}

I dp/dt: -0.01 -0.006 -0.002 0.002 0.006 0.01 | ,104 dpldt: -0.01 -0.006 -0.002 0.002 0,006 0.01 ‘ A

0 10 x/D 20 0 10 xID 20
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[o3BykoBasi CTPysi: CpaBHEHME C IKCNEePUMEHTOM NO a3poAUHaAMUKE

N yD
~ yD

T T — T T T
Grid 1
020f - ~ - Grid 2
. N Grid 3
5 - 2 \ &\ - A
2 @ Exp. (Bridges) AN > i A N < ! ‘\'\.\A Exp. (La.u)
> % -~ Grid1 &% 1 7% LA RGN D 015} Oggpodee? shos.e o ¢ Exp. (Bridges) ]
I N E rid 1 = 3 i B SN
Grid 2 A1 by E ol Jufe S ] 3 | RN % o
Grid 3 L0000 ¢f ; ab ! % ~h . Yoo
04l -l /ow Grid 3 ] S .
i Exp. (Lav) Sy 0041 e E 010 7"1
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[lo3ByKkoBasa cTpya

105 ————

e A3poaKycTuka N O'ISEti: e |

Uenwu:

TecTtupoBaHue HoBown Bepcun DDES [Shur et al, 2015]

Grid 11

OASPL, dB _
&

[opaboTka BblYMCNUTENBHOrO anropuTmMa . : _
Grid 2 ;
[opaboTka akycTmyeckoro noctnpoleccopa o) S = Grid 3-
[ = Exp. |

85 . L ;

60 80 100 120 140 160 ©°
,D,I/larpaMMa HanpaBﬂeHHOCTM

o y/D

0 5 10 15 x/ID 20 25 30 35
MrHoBeHHbIE MONs Te4deHust ¢ noBepxHocTammn FWH
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[o3BykoBasa CTPysA: CpaBHEHME C IKCNEPUMEHTOM

e 1/3-0KTaBHble CNEKTPbl B AanbHEM norie AnA pa3HbIX No3MuMn Habnpartens

95 ~———

90
[11]
5 85
i 80

= 65
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'NOISEtte

Q
= 65]

[y
90k
m [
0 85
i 80f

= 65}

_NOISEtte:

107

10° 10" St

___ NOISEtte]

10"
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IBC: UccnegoBaHue TypOyneHTHOro Te4eHUA U aKyCTUYECKMUX Harpy3ok

e MogenupoBaHue aecneKkTopoB B pasnUyYHbIX KOHUrypaumsax

1
—— Body fitted
— IBC

- .
T DY

—— Body fitted

—IBC =

Sh=0.18

‘ |
10" 10° Sh 10
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IBC: UccneaoBaHue TypOyneHTHOro Te4eHUA U aKyCTUUYECKMUX Harpys3okK
W
Y 235

DednekTop

|QJU_/H: 0.05 0.28 1.58 8.89 50.00

MapameTpbl pacyeTa
e M=0.8, Re = 7 MnH

e ceTkn Ao 14 mnH ysnos
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IBC: UccnepoBaHue TypOYyNeHTHOro Te4eHUA U aKyCTUYECKUX Harpy3ok

e Pesynbrathl ansa aednekropa 4

OASPL [pB]
] 175
174
173
172
171
170
169
168
167
166
165

1 - 6e3 pechnekropa, 2 — ¢ gedneKkropom

C T T T T ! | 0
04 |- [=.—.- 1| UeHTpanbHas nuHUs Ha aHE KaBepHI e) o5 5 95 2/H

L —— 2 /1 PacnpeneneHve naBneHns Ha 3aaHeln CTeHke

02 L

PSD(p’) [AB/T] - a')

2 4 6 x/H 160".”

P LleHTpanbHasa NMHUA Ha CKOLLEHHOW 3aHen CTEHKe a) 1
05 . —TN ] 140

- 4

~ ~. [
00 FH——-1 4 e .
L ———2 i 0.1 1 Sh

1 1 1 1 I 1 1 1 1 I 1
KoHTponbHas Touka Ha AHEe KaBepHbl
0.0 0.5 1.0 s/H P A P
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CEDWEEKENA: CED/CAA koa NOISETLte

Komnnekc nporpamm NOISEtte
ana CFD/CAA pacuyeTtoB

OTuyxpgaemocTb

NOISEtte — nccnegoBarenbLCKou Koa

NMpobnemMHO-OpUEeHTUPOBaHHLIE peLueHUsA
NOISEtte.rotor, NOISEtte.deflector

lNepepava koaa y4aCTHUKAM COBMECTHOM Hay4yHOU paboThl
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CEDweekend: CED/CAA koa NOISELte

Komnnekc nporpamm NOISEtte
ana CFD/CAA pacuyeTtoB

NOISEtte 2017...

KaK Mbl 4OBOAUNU, OTNAXUBanu, pasrpedanu To,
yTOo noHagenanu B 2016, 2015... roay

Cnacubo 3a BHuUmaHue!
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