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Developing FlowVision

FlowVision - general purpose CFD code

Main application areas

 Fluid-structure-interaction

» External & internal aerodynamic
* Turbo machinery

* Multi-phase flows

» Aerodynamic shape optimization




Developing FlowVision

FlowVision key features

* Fully automatic generation of a mesh with local dynamic adaptation

» Resolution of boundary layers, no restricted by the surface complexity
« Simulating strong fluid-structure interaction

« Simulating multiphase fluid motion with contact surfaces

« A widerange of physical models (turbulence, mass transport, chemistry, burning,
dispersed phase)

« Calculations on modern supercomputers with heterogeneous parallelism (> 10 000
cores,> 100 min cells)
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Developing FlowVision

Subgrid Geometry Resolution is key point of FV technolgies

m— 0

| * Rectangular initial non-uniform

/JN ’ # mesh

~ « Shape imported as facet B-rep
\ (STL, WRL)

)  Boolean subtraction of object
‘ volume from initial mesh

Finite-volume approach is
used to approximate * Cell is arbitrary polyhedron
equations on this mesh
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Local Dynamic Mesh Adaptation

to raise simulation accuracy by resolving high gradients of flow variables
to save computer resources using fine meshes in places where they are need
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Dynamic adaptation near surfaces Dynamic adaptation due to a velocity gradient
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Coupling technics between Abaqus and

FlowVision
Explicit coupling Implicit coupling
DC and CSE protocols CSE protocol
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Client-Server Architecture

* Windows user can work on Linux cluster without knowing Linux OS

« Several users can simultaneously work with one FlowVision solver and
share simulation results
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Distributed-memory computer model

Shared memory

Automatic domain decomposition

Cluster

MPI architecture

Formula-1 simulation on a cluster

Cluster: 16 nodes,

4 cores/node, 2GB memory, 1.4GHz frequency, Myrinet

Domain decomposition onto

several processors

Solver Scalability

Ideal acceleration
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Developing FlowVision

Parallel visualization

Data processing needed for visualizing results (building color contours, isolines,
plots, isosurfaces, ...) may take long time when it is performed on one
processor. FlowVision provides parallel postprocessing:

* Required computations are performed on several processors
 Minimum data volume is collected on the client machine

PC computer Cluster

Metadata collection
Transmission of Parallel generation of

Graphical Metadata Graphical Metadata

Graphical Metadata is a «feedstock»
for drawing objects in post-processor

Advantages of parallel visualization:
* Number of cells may be arbitrarily big
* Visualization is fast

2016, Luxemburg
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FlowVision - Physical models

« Navier-Stokes equations for Newtonian and non-
Nuwtonian fluids;

« Turbulence models:
— k-¢ “standard” model (Launder-Spalding),

— k-£¢ AKN Low-Reynolds number model (Abe-Kondoh-
Nagano),

— k-g quadratic non-linear stress-strain/vorticity model,

— SST k-w model (Menter),

— One eg. eddy viscosity model (Spalart-Allmaras);

— KEFV model — our model for laminar-turbulent transfer

 Multiphase flows of immiscible fluids with free surfaces
at accounting for surface tension;

« Conjugated heat transfer;

. FIEWVI!ISH 2016, Luxemburg NO !U
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FlowVision - Physical models

(continuation)

« Gas combustion, limiting reaction rate by turbulence;

* Mass transfer:
— Multicomponent flows (unlimited number of agents);
— Chemical kinetic (unlimited number of agents);
— Nuclear half-decay of agents
« Radiation heat exchange (simple P1 model, thick optical

layer);

. 'Iuw ' I!I’II !U!g, EuxemBurg HU !!



FlowVision - Simulation methods

* Mechanics of moving rigid bodies:
6 degrees of freedom,
accounting for medium resistance on body moving,
accounting for mass & inertial characteristics;

« Strong fluid-structure interactions: solving conjugated

problems together with FEM package of SIMULIA Abaqus;

(Connection on pressure, temperature and displacement of wall surfaces)

« User variables: trigonometric, statistic, logical, integral, local,

hyperbolic and etc.;

» Rotor/stator coupling

. 'I’w u I!IUII !8!5, EuxemBurg HU !!



What is new in 3.09.05




More accurate and robust VOF method

Droplets (water volumes that cannot be resolved by mesh) are movmg Ilke Lagrange particles: droplets
move inside cell
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New family of algebraic solvers - AMG solvers
(aggregative and selective AMG)

Scalability of new solver

1000 qu,r’
454,
3655
241, 2133
138, 125,6
100 |— 88.3
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Parallel mode

AMG BTParFBSS
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Simulating rotating machines using sliding
mesh (in sector)

Simulating water pump with multiblade wheel

Number of rotor blades is 15 => sector is
24 degree

Number of stator blade is 18 = sector is
20 degree

— >

FlowVision conjugates 2 sectors of different angles!

. 'I’w ' I!I’II !B!g, EuxemBurg NU !!



Capturing boundary layers: overlapping boundary layer

mesh (OBL)

Simulating airflow around Sukhoy SuperJect SSI-100 aircraft
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-=—BankData —=— BankData

+ Fluent
4 Fluent

A FV+OBL
A FV+OBL

X

\:

Alfa (deg) Alfa (deg)

Y+=2-4 when OBL used. Smallest cell near C4 m C, as function of attack angle
airplane wall has 10 microns!

 fovision  mmeews e
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Simulating hypersonic flows

Simulating HEXAFLY model ONERA'’s hypersonic vehicle




Future release FlowVision 3.10.01
(March 2017)




«Skew» scheme for convective transfer - more

accurate simulation

Motion of the contamination spot along mesh with constant speed
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Non-Newton fluids

Two-component rubber extrusion

Experiment vs Simulation
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Coupling FlowVision-Abaqus through wetting surface

Heart simulation

« CFD (partner) surface
not equals to FE surface

« CFD and FE surfaces are
mapped using
FlowVision mapper:

Wetting surface — Conservative for forces
| and fluxes
v — Smooth for node speeds
and structure temperature

FE surface

AL \/

== Mapping forces and fluxes

=% Mapping node speeds/temperature
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Implicit coupling FlowVision-Abaqus
using Co-Simulation Engine

Pneumatic hammer




Coupling with NASTRAN OpenFSl

Simulating air wing flatter
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New user interface for definition of chemical reactions
and ablation (material loss)

Graphite tablet ablation coursed by high-
temperature gas jet

== :':m.':,' Paza #0 El- & Mass transfer
4| Substances Cubstances =m
= :[ [} Physical processes = “f Ablation: Chemistry g
..... ) HeaFtransfer EI Reactions .%EEE
- 7 Moter BT - cion 20 B
=- é Mass transfer =4vs
E| Reactions
- f Reaction £0 Apply | Rolback |
""" % HEEthDn #1 — Mame Reaction #0
o Reaction #2 | 150075
Y cocicn = N B u
----- ;_f Reaction #4 g 22852
: - .;_f Reaction #5 — 1st substance 02 %
Elements — 1st stoichiometric coeff. 1
— 2nd substance o2
— 2nd stoichiometric coeff. 1
Specifying chemical reactions  Specifying ablation Temperature distribution
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Paseutue FlowVision B coTpyaHuuecTBe ¢ npeanpuarmavmm Poccum

[ KnueHT ]
[TMNOTHBLIN NPOEKT
Anpobauus PYHKUMOHANbHOCTb
[locTaBka NpOrpamMMHOro
KoMnnekca Yno0bcTBO MCNonb30BaHUA
Oby4eHune MpuobpeTeHne
AP PEKTUBHOCTb / Pa3Burtue \
TexHun4eckoe
COnpoBOXAeHne non b30OBaTenb OnTumMmanbHOCTb .
1°CUG ) 3aKasumk FlowVision
Pa3paboTka PeLlieHne NpakTUieckmx 3aaad Kavectso B UHTepecax
PaCYETHbLIX METOAUK EGCTV'qF;OBaHV'e Han OTe4YeCTBEHHOM
epupmrKaLms afe>XHOCTb
NPOMbILUIIEHHOCTH
BeinonHenne HAP ATTecTtauus \po ne OCJ
TpeboBaHna K pyHKLUMOHaNy VIHHOBALIMOHHBIE
NHuTerpauyma c IO 3akaszdunka MpeanoxeHUs No pa3BUTHIO U
5 TexHonorum
Co3paHue HOBbIX MoAdeneun
TexHonornyeckKkuun
napTHep

. FIUW'I!IUH 2016, LuxemBurg HB !E
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[eGHG,

FlowVision ana pewieHun
3aja4y aTOMHOM 3HepreTukm

FlowVision




Developing FlowVision

MoanenupoBaHMe NpoueccoB TennomMacconepeHoca Ha pa3nUuHbIX 3Tanax
NPOEKTUPOBaHUA C Lenbio ONTUMMM3aLuMM NapaMeTpoB oTAenbHbIX 3NeMeHToB PY

4 OnTMMM3auma KOHCTpyKuum LIMK ™\ Pac4yéTtbl ong pasnnyHbix BapmuaHToB ncnonHenusa LMK

C Uesibio NOBbILIEeHUA
acpheKTMBHOCTU NepemMeLLnBaHUSA
pasHoTeMnepaTypHbIX NOTOKOB TEMNNIOHOCUTENSA

\_ B BCK peaktopa BH-1200 )
ol H il I Il
TV H D
Q \U U/ LMK co chepuyeckum gHuem LMK ¢ nnockum gHuwem n «robkom»
W Srver? Lo

Monju, BN 600 SPX-1, PFBA PFR

MccneposaHMe npouecca nepeMeliMBaHunA
npu BbiOpanHou chopme LMK

YTO4YHeHne BXOAHbIX YCII0BUN
[leTannsauns reoMmeTpmyeckon Mogenu Kamepol
B3anmogencreme «TenrnoHocuTenb-ra3»

PacnpeneneHve Temnepartypsl
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Co3paHMe MmeToaUK pelleHMA 3aaaY C YYETOM MHTerpanbHOM
KOMMNOHOBKM obopynosaHua PY

ATO nTo
\ \

YucneHHoe moagenMpoBaHue npouecca
pacxonaxuBaHus peaktopa bH
C uenbro aHanusa 3appeKTMBHOCTU
NnaccCMBHOM CUCTEMbI aBapUMHOIro oTBoAa Tenna

Paspaborka meTogukKkm
C Y4ETOM BO3MOXHbIX YNPOLLEHUN
0e3 notepu TOYHOCTU peLleHUs

AxTUBHas
30Ha

HanopHasn

* B akTuBHOI1 30HE BBIZICIICHBI TPU 00JIaCTH, i

B KOTOPBIX 3a1ar0TCA 00bEeMHBIE HCTOYHHMKH TEILIa

CekTop reomMeTpu4eckon mogenu

-] *  OtBox temia B Teriooomennukax (ITTO, ATO) peakTopa BH-1200

MOACIUPYETCS C IIOMOIIBIO
] OTpHULATCIIbHOI'O0 HCTOYHHKA MOIIHOCTHU

*  Jlnsa momenupoBanus ooparHoro knamana CAOT
E - E— HCnoJib3yercst Monyib «lloaBuKHbBIE TENA)

TeILI0E b1 TeHITT

[ mem * B pekuMe pacxosaKHBaHuUs YIUTHIBACTCS
[ emurncnmes CTa/l OCTAaTOYHBIX TEIUTOBBIJICIICHUN B aKTUBHOM 30HE
Cxema aKTUBHO 30HbI «  Ha Bxoje 3a1aeTcs M3MEHEHHUE JaBJICHUs OT BPEMEHH

(umutupyetcs BeiOer ['TIH ¢ HoMHHANBEHBIX 00OPOTOB)

PacnpegeneHune TemnepaTtypbl
. FI’W’I!I’H 2016, Luxemburg HO !5
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Co3paHMe MmeToaUK pelleHMA 3aaaY C YYETOM MHTerpanbHOM
KOMMNOHOBKM obopynosaHua PY

YucneHHoe moagenMpoBaHue npouecca
pacxonaxuBaHusa peaktopa bH
C uenbio aHanusa 3ahpPeKTMBHOCTHU
NnaccCMBHOM CUCTEMbI aBapUMHOIro oTBoAa Tenna
4 )
Bepudukauma merogukm

Nno AaHHbIM, nonyyYyeHHbIM B AO «OKBM AcpukaHTOoB»

Ha 3KcnepuMeHTanbLHoOM moaenun peakropa bH,

L BXxoAsien B coctaB cteHaa « TUCEU» )

Pacnpenenexve TemnepaTypbl TEMNOHOCUTENSA B KaMepe
MOJENU peakTopa B PEXMME PacXonaxXuBaHUs

1.0 gy RO gy P e N FI S Vit 1.0
08 0.8 i }; She 08 /}JZ( 08
' IR/ Y N g VA ’
" 08 0.6 - 0.6 - A 05
A N 1 P N /'( N 1 iR i J
' 8 L e s S N & 0.4 - +---a--mr b 0.4 |- FfA 04
29 1 S 14 .
N 0.2 0.2 e B I O 0.2 >3 02
v \ - E H | _fI i
g ¢ 0.0 +——Ht———— 00 Pt 00 P 0.0 | ‘
! 28 30 32 34 36 38 40 42 28 30 32 34 36 38 40 42 28 30 32 34 36 38 40 42 28 30 32 34 36 38 40 42
4 t, °C t, °C t,°C t, °C
Oc 60¢c 120c 600 ¢

. . —+— 3KCNepUMeHT
M3mMeHeHne OTHOCUTENBHOW TeMrneparypbl BOAbl B BEPXHEN KaMepe ——— pacuyer

"eomeTpuyeckasa mogenb

. I I’w u I!I’II !8!5, EuxemBurg HU !U
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(Paspaﬁo'rxa M peanu3auuna mopenm ) pesass gy
Typ6yneHTHOro nepeHoca Tenna, Bepuduxauus mopenu LMS |
yuuTbIBaloLLei cneumduky | et
\ HaTpPMUeBOro TenNJIOHOCUTEsA ) YncneHHoe mogennpoBaHue ” 2“‘“”35
TennornapaBnn4eckmx NPoLeccoB R
O630p 1 aHanu3 Ha cteHae TEFLU et
OMyBnMKoBaHHbLIX MOAErNen - lepemelumBaHue pasHoTemnepatypHbix ..
TypbyneHTHoro TennonepeHoca NOTOKOB TEMMOHOCUTENS v
B BCK peaktopa BH-600 : .
Bbibop Hanbornee HagéXHbIX c MU
. « (CBobOogHasi KOHBEKLINSI HATPUS
1 Nerko peanunayemMbix Moaenei 5 LANMHAPUYECKOT MONOCTH
Co3faHne Ha MX OCHOBE HOBOWM MOZenu * [lepemeluBaHune Tpex '
LMS (Liquid Metal Sodium), pasHoTemMnepaTypHbIX CTPY Hatpua i
NO3BONAOLLEN NONYyYNTb B cepuu akcrnepmmeHToB Kumypa n gp. &=
TOYHbI pe3ynbTaT B pasyMHble CPOKM . TeuyeHue TeNnOHOCUTENS

B BepxXHeW kamepe peaktopa MONJIU

eoox

, Luxempurg



Developing FlowVision

Co3paHuve HOBbLIX cneuManbHbIX MoAenem u moaynen

MOﬂeﬂMpOBaHMe nepeHocCa TensioHocuTenem cynepno3mumn HECKOJIbKUX rpynn
PaANnOaKTUBHbLIX U30OTOMNOB B NepBOM KOHTYpP€E peaKTopa C y4eTOM BPEeMEeHUN XXU3HUN KaXxaowu rpynnbi

/ Paspaborka mopynsa \ -
| MMMOpPTa PaCYETHOM CETKM TORT FlowVision

u3 nporpammbl TORT B FlowVision

| nakcnopTa pe3ynbTaToB pac4yéTa

o B KOHLIEHTPaLMM M30TOMNOB
A u3 FlowVision B TORT

| AnA nocneayowero onpeaeneHus

! Qooaueﬁ HEUTPOHHOro Msnyqeuw

POCCEIATE

FV-BN

| (pamootmmmeaony: O ¢ ozpanees
Z| «TECHC»> (000 <TECHC>) (RU),
= Omx) ¢ <Onvimo

\Z 3250 ]
\ 3000 i =X
:; 2750 i // \
s i
:‘ E 2250 i // \
% g 2000 i //
% 1750 i / / \
é 1500 i /(// ™
TecToBble pacuérbl | |- j
c moaynem FV-BN N1 .
] acnpegenenune
// KOHLIEHT F; ﬂvm N30TOMNOB Pacnpenenetne
CpaBHeHme JKCNnepuMeHTalibHbIX 250 3 U' pay . < KOHUEeHTDaunm n3oTornos
, ] / (c y4éTom 06BLEMHOM AoNK HeHTpal
N pacyeTHbIX nokasaHmn CCKIMO A SR LA/ [ L S —
e T T I B TennoHocuTens)
PEMS OT IOCTHIKEHHUSI MAKCHMAJIbHBIX TIOKa3aHuH, ¢
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OI'ITVIMM3aI.I,VI5I YANCIHNIeHHbLIX afiropurmoBs

3agavya nokanmsauum HerepMeTUYHOM TensoBblgensitowen c6opku no PyHKLUU
OTKIIMKa NOKa3aHMNU CUCTEeMbl KOHTPONA repMeTUYHOCTN 060onoYeK TBan

10-15 He3aBMCUMbIX PacYETOB ANs Pas3nNUYHbIX HEFrEPMETUYHbIX COOPOK

OnTumu3sauua FV-BN wo Bpema pactera
C Uenblo YCKOPeHUsi HeCTauMoOHapHbIX Ppac4yéros " bt

mwwwrwwvw\w*ww

00 — Mcxonwan Bepcu FV-BN

AHann3 paboTbl conBepa B BbINOMTHEHHbIX paHee pacyéTax — epermen sy

N onpegeneHne anropuTMOB YCKOPEHUS o

Peanusaumsa metogmkm coxpaHeHns nognpocTpaHcTBa RE——

Peannsaunsa BO3MOXXHOCTW pacyeTa ypaBHEHUIA MacComnepeHoca Co CBOMM LLAromM rno BpeMeHM peoces — —
[opaboTka mogenn macconepeHoca B YacTtu AobaBrneHnst NonysiBHOM CXeMbl pacyeTa osocns e
OnTMM3auma npouecca NOCTPOEHUSI PEKOHCTPYKLMKN PELLEHNS MPU pacyeTe KOHBEKTMBHOIO NepeHoca asoes

! ! 0.00002
0.00001

YckopeHue go 2,8 pas

16, Luxemburg
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Ucnonb3osaHue FlowVision npu pa3spabortke
nepCcneKTUMBHOro TpaHCNOPTHOro kopabns
HOBOI'O NOKOJIEHUSA

2016, Luxemburg No 34
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NepcneKTUBHLIXN TPAHCNOPTHbLIM KOpabnb HOBOro
3#5.@:';1@

OCHOBHbIe YepTbl Kopabns

*  OnTMMM3auma NoA pasHble mmccumn — opbutanbHan paboTa, AanbHME SKCNeaMUNK
* 6onbluas rpy3onoabEMHOCTb

*  60nbLWKUNA IKUNAXK U YAYULLEHNE YCIOBUN ero paboTbl

* arperaTtHaa MHOropasoBOCTb, NMPU YC/JI0BUM CODNIOAEHUN peXMMa MATKON NOCaAKM

OcCHOBHbIe YepTbl NPOEKTa

° 60/1bLLOE KOINYECTBO pac4yeTtoB
° IKCMNEPUMEHT, KaK CpeadcCTBO ayanTa MaTtemMmaTtn4eCKkoro mogeinpoBaHuA

—.nmun—mmm—l_
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PacueTHble cnyyam

Crapt/Pa3roH

* B3aMMOAEeNCTBUE pa3aenaeMblX 3/IEMEHTOB CTyNEeHen Ha TPAeKTopumn
ABapuiiHaa cutyauus

e cpabaTtbiBaHMe cuctembl aBapmitHoro cnaceHusa (CAC)

NMocaaka

* B3aumogencTtsme ca/3B cTpyun Y c Haberatowmm A0/38 NOTOKOM

e BO3aelicTeue cB/3B cTpymn 1Y Ha rpyHT U BOAY

* OTAEeNeHUe KPbILWKN OTCEeKa KOHTeMHepa OCHOBHOIO NapalltoTa

* nocaaKa c oTKazamu 1Y

. I IUW ' I!I’“ !B!g, EuxemBurg NU !!
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Pabouee BewecTBO

Hy>xHO 3agaTb:

[MpoayKThl
Bospyx | > cropaHus
k=1.4 k=1.277

FlowVision 3.07 no3sonan 3agatb Tonbko 1 BewecTso!

[NpuHATOE pelueHue:

0.06 - 1900

Bo3ayx
k=1.4

0.055 - 1800

1700 | Bosnyx
1600 k=14

1300

0.05 -
0.045 -+

0.04 -

0035 4 MpoAaykKThl
0.03 - cropaHus
0.025 - k=1.277 1100 4

0.02 T T T T 1 1000

1400

MpoaykTbl
cropaHus
k=1.277

1300 4

1200 +

MonspHas macca, [kr/monb)
Tennoemrocts, [Jx#/kr*K]

0 500 1000 1500 2000 2500 a 500 1000 1500 2000 2500

Temnepatypa, [K] Temnepatypa, [K]
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PeXxxum NnoCagKu1, ynpouwweHme noCtaHOBKMU

PacctosaHue oo 3emnm — 5 m PaccTtosaHune oo 3emnm — 1 m

[ 1 m

5m

Memog. BBeAeHne B NogobnacTtb NOABMXKHOIO Tena Tpe6yeM0|?1 TOJNLLNHBI

I'IpeUMyLuecmea: YMeHbLUEeHNEe BpeMeEeH CO30aHNA N pedaKTUPOBaAHNA BapnaHTa
CoXpaHeHne B3anMHOro pacrionioxXeHmsAa CETKN n obbekToB
COXpaHeHue CueHbl

, Luxempurg
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Pexum TopMoxeng:. RA GahKpeMeHHon AY
V=03M =
H = 1000 M 2 > @
a——
V=02M
H=500m ?
& @
f—
V=01M n 00
= 50 K @ -

Manurpa:

I 0.4
F 036




Developing FlowVision

Pasnuume B NnoBegeHuM npouecca Ha pa3HbIX
pexumax

0.3M

15000 -

—HepaboTatowan NTAY

12500 1 —o-TECUC

=O=LUHUNMALL 3.1. c nepecyetom

10000 -
=O0=LHUUMALL 3.1. c nepecuetom R=22 1C

7500 -

5000 -

Cuna, [krc]

0.2M

Yucno Maxa

MN3meHeHMe 3HaKa AeACTBYIOLLEM CUAbI HA
pa3HbIX peXkumax




2 OTAI
MPUSEMJ/IEHUE
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Pacqgﬁgeé'&n"a% BNMUAHMA cTtpym 1Y Ha rpyHT
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Pesynbrarthl

[MpoaykTbl cropanus, k = 1.277

Bosgyx, k=14

. I IU’! u I!I’“ !8!5, EuxemBurg HU !!
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MNOCKOCTb BU3yanun3aumm
MPOXOAUT Yepes oCb
BEPTMKaNbHbIX conen

Boicotah=1m

. FIOWU ision 2016, Luxemburg No 45



3 3TAI
OTCTPEJ1 KPbILUKU OTCEKA TOPMO3HOIO
MAPALLUIOTA
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OTpneneHme KpbILWKMN KOHTEMHepa OCHOBHOIO napawoTa

CmopaennpoBaTb cOpoC KpbILLKK
OTCEeKa TOPMO3HOrro napalltoTa ¢
BO3BPaLLAEMOro moayna npu
PA3/IMYHbIX MONOKEHNAX MOAYNA
B MPOCTPaHCTBE

owvision 2016, Luxemburg
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OTpoeneHue KpbilWKY KOHTEMHepa OCHOBHOIO napaiuiora

HayanbHoe nonoxkeHue CMO,CI,EII 4 pOBaTb C6poc

u.m. KANK \ KPbILWKM OTCEKa
A TOPMO3HOrO napatwtoTa ¢
A5 /7’ BO3BpaLLAEMOro moayns
> NpPU PasnNYHbIX
’ e NONIOXKEHMUAX MOAYNA B

NPOCTPAHCTBE C y4eTOM
LUAPHUPHOW CBA3M NETAU
HaBECKMU




UccnepoBaHme CXoaoMMOCTM NO CeTKe

......

204.6
179.21
153.83 28

103.05
77.66

BapuanTt 1: N =2 750 000
e HeopgHopoaHaA ceTKa MmeXxay Tenamm
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UccnepoBaHme CXoaoMMOCTM NO CeTKe
BapuaHT 3: N =3 000 000 Bapuant 4: N =4 100 000
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Bapuaunt 5: N =5 700 000
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OTcTpen KpbIWKU NMIOKa NnapawloTHOro KOHTeMHepa ¢
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4 3TAN
CPABATbIBAHUE CUCTEMbI ABAPUUHOIO
CNACEHUA




CpabarbiBaHme CAC

Bo3spalyaemblii [Buratenb aBapuimHoOro
moaynb (BM) oTaeneHus

'

™~

OcHOBHOM
ABuraTenb

MopgenupoBaHue
HecTaunoHapHoro
VAAPHOro BO3AeucTBums
CUNOBOM YCTaHOBKM
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411 ypoBeHb aganTaLmnm
B8 KoHyce
g %q‘
g 4
—— T
- T s ]
— = e SR L [
SESS e N
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= e & s NEE
) In —
IE:_I—
X T &
Apgantauus o
ApganTauma no 511 ypoBeHb— BHYTPEHHME
HayanbHaa AganTauma obbema obbema
rpaHuue — CTeHKM (2 cnos),
ceTKa CTpym conna—
1 yp-Hb. 10 cnoes . KpUTUYECKoe ceyeHne
41 ypoBeHb
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[T &G 0.00407

1.35 0.00407
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0.6
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0.3
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05 0.2

0.45 0.2
0.4
0.35
0.3
0.25
0.2
0.15
0.1
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Sweprugl

um. C.N. KOPONEBA

KomnoHosouyHas cxema Ok e cocmase PKH
Pexxum 3anycka Y

3 PASO LEO7 A . .
9.E+06 7
2 PO30 _ BE0S //
1]
C  TE06 / /
¢ 6.E+06
30PQ 1PO30 3 [/ ——0P[1 dPK/dt_Hom
1]
20P] & 4E06 / /I OP[ dPk/dt_max
3.E+06 ——P[130 dPk/dt_Hom
1 0P/ 2.E+06 / /
16406 -
z 0.E+00 >
s 0 0.05 0.1 0.15 02
J Bpems, [c]
Cxema paccTaHOBKM «JaTYMKOB>» AaBNEeHNs B [varpamma BbIxoga Ha peXXum OCHOBHOMO PakeTHOro
pacyeTax asuratena (OPL) v pakeTHoro gpuratens aKCTPEHHOro

otaenenus (P430)
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— -

Sweprngll

um. C.N. KOPONEBA

Pe3ynbmamesl uccnedosaruu. 3anyck OP/L]

====HcnsITanue 26

pacget Ne 1
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Junamuueckoe aasjenue, dP, kre/cm? (M30bITOMHOE)
o
o
(53]

7.0 75 8.0 8.5 9.0 9.5 10.0 10.5 11.0 115 12.0 125 13.0

Bpems, t, mc

[asoanHammnyeckme Bo3aencTBnA Ha moaens BA npu
sanycke OP[] (M_=0, To4ka 1 OPL])
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5 3TAI
YAAPHOE BO3OEUACTBUE
PEAKTUBHbIX CTPYU HA
CNYCKAEMbIX MOAY/b
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OnucaHue 3apaum

ToYKa 1
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OnucaHi ...
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PeavneTartbhl bacuera
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PeavrnrTrarnl nacueaTa
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6 3TAIl
OTAENEHUE CTBOPOK OBTEKATENA
ABUTATE/IbHOIO OTCEKA
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O OTCEKa




7 3TAN
NPUBOAHEHUE CMYCKAEMOIO
MoAayNA




HepaboTalowmmu gBUraTensimMm B
YCNOBUAX BONTHEHMUSA




L oling ™ >\

HenaborawlIMMU ABRMraTensasMm R

0.039497
0.039497

BepTukanbHas ckopoCTb Nocagku Ha MOMEHT
CONPUKOCHOBEHNSA C Bogon = 8 M/c;

[opu3oHTanbHasa ckopocTb = 15 M/c;
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B CNNOKOUHbIM VCIJIOBUAX

Conna oTkno4aTCa NpU CONPUKOCHOBEHUN C BOLOMN.
BepTukanbHas ckopoCTb Ha MOMEHT BKMoYeHUs conen = 9,8 m/c;

Yrnoeas ckopocTtb = 30 06/c;
o)
%ﬂwrw
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B YCIIOBUAX BOJIHEHMSA
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Thanks for attention!
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