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BBEJIEHUE

C menpio pemeHus 3aJauu NOBbIIEeHUS d()(HEKTUBHOCTH U
HAJEKHOCTH  pabOThl, a TaKKe YIYYIIEHHUS  BBIXOJHBIX
XapaKTEPUCTUK HSHEProyCTaHOBKUM HEOOXOAMMO HCCIEI0BaHUE
paboumx  TpOIECCOB  MaporeHeparopa.  MaTemaTuyeckoe
MOJEIUPOBAHUE IIPOLIECCOB TEMJIOMacCOOOMeHa u
TUAPOTa30AUHAMUKHN ABIsAETCS 3(P()EKTUBHBIM U SKOHOMMUYECKU
0oJ1ee BBITOTHBIM CIIOCOOOM.

JUis  TpoBeneHUs  MaTeMaTH4YeCKOIo  MOJEIHMPOBAHUS
pabounx TPOIECCOB B MapOreHepaTope Ha ONpeAeTIeHHBIX
KOMITOHEHTAaX TOIIJIMBA U MIPH 33aHHBIX YCIOBUAX 1L€I€c000pa3HO
npuMeHeHne 3D cOnpsDKEHHOM  MaTeMaTH4ecKoW — MOJENH,
ONMChIBAIOLIEH IIPOLIECCHI T'UIPOTa30AMHAMUKH U
TEIioMaccooOMeHa MEXIy MABMXKYIIEHCS XUAKOM IUIEHKON W
BBICOKOCKOPOCTHBIM TIOTOKOM Iaporasa B YCJIOBHSX ()a30BOro
nepexo/a.

Hcnonp30BaHnEe pacyeTHBIX KOMIUIEKCOB, pa3pabOTaHHBIX
JUId YWCJIEHHOIO pEeUIeHMs] ypaBHEHHIl B pacyeTHOM 00jacTH,
3HAYUTENBHO O00Jer4aeT MOJIETHPOBaHHE PabOUMX MPOIECCOB.
Peanuszanus mocTaBiIeHHOM 3aJayd BO3MOXKHA C IPUMEHEHHUEM
nporpaMMHoro komruiekca ANSY'S.

B Meronumyeckux yKa3aHMSIX THPUBOJUTCS METOJHUKA
pacuera MHOTO(a3HbIX TEUEHUI BBICOKOTEMIIEPATYPHOTO MOTOKA
napora3za B IaporeHepaTope Ha KOMIIOHEHTAaX TOIIMBA METaH—
kucnopoja. Pacuer ocHoBaH Ha MHOTO(da3HON Monenu Ditepa,
peain30BaHHOM B BRIUUCIUTETFHOM KoMIUTekce ANSY'S Fluent.



1. MPOTPAMMHBII KOMILIEKC ANSYS FLUENT

IIporpammubiii  komiuiekc Fluent mo3Bossier pemartb
3a/1a4u:

- TEYEHUs JKMUJIKOCTEH W ra3oB B KaHAJIAX IPOU3BOJIBHOMN
bopmer;

- BHEIIHETO OOTECKAHUS,

- Terulonepenadu (BBIHY)KJE€HHAs U cBoOoOTHAs
KOHBEKIIMSI, TETJIoNepeiaya v JIyYuCThIN TEII000MEH);

- TEYEHHUS CO CBOOOIHBIMU ITOBEPXHOCTSAMH;

- Te4yeHUus MHOTO(a3HbIX Cpes;

- TEYEHHUs pearupyrouinux MOTOKOB, BKIIIOYasi TOPEHUE;

- JBW)KEHMSI TBEPAbIX YAaCTUL[ U Kamelb XUAKOCTH B
MIOTOKE;

- U3MEHEHHd (a30BOr0 COCTOSIHMSI BEIIECTBA (IJIaBICHUE,
KHUIIEHNE, KpUCTAJUIU3AllHs, UCTIapeHHe, KaBUTallus);

- TEYEeHUs B JABIKYILIMXCS KaHamax (Hampumep, B
CMECHUTENBHBIX YCTPONUCTBAX U TypOOMaIInHaXx);

- MOJEIMpPOBAaHUS TEUEHUS B KaHajJaX C MEHSIOLIEIcs B
IpolLecce pelieHus reomerpueil (Hanpumep, B uuinuHapax JABC);

- AKyCTHKH.

TunuyHeli TIpoLiecc MCCIEIOBAHUS IIOTOKA C ITOMOLIBIO
nporpaMMHOTO KoMmruiekca Fluent moka3an Ha OloK-cxeme
(pUCyHOK).

IlepBple Tpu »STama pelIeHHs 3aJaud BBIIOJIHAIOTCA B
nporpamme  Gambit,  SBJISIOIIEHCS ~ COCTaBHOW  YacThIO
MIPOrpaMMHOTO KoMmIulekca. OcTallbHblE 3Talbl PEATU3YHOTCS
HETMOCpeACTBeHHO B mporpamme Fluent.
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OTanel pemicHusA ra30JUHAMHUYCCKUX 3a1a4
B IIporpaMMHOM Komruiekce Fluent

[Mporpammusiii kox Fluent wanumcan Ha MoaupuKanuu
aJIropuTMUYEcKoro si3bika Cu, U OJIMHAKOBO XOpOIIO paboTaeT Ha
BCEX U3BECTHBIX IIaTPOpMaXx.

[Mporpamma Fluent mo3BonsieT pemaTh JBYXMEpHEBIE,
OCECUMMETPUYHBIE U TPEXMEPHBIE 3aJa4d B CTAlMOHAPHOM WM
HECTAallMOHAPHON NOCTAHOBKAaxX B OOJIBLIIOM JUana3zoHe CKOpPOCTen
notoka. TeueHue pabouero Tera MOMKET paccMaTpUBATBCSA Kak
HEBA3KOE, JAMUHAPHOE WU TYpOYyJIEHTHOE.

[IporpamMmMHBIi KOMILIEKC Fluent UCIIOJIb3YET
HECTPYKTYPUPOBAHHYIO CETOYHYIO TEXHOJIOTHIO. DTO 3HAYMT, YTO
OH MOXKET peIlaTh 3aJa4d HAa KOHEYHO-DJIEMEHTHBIX CETKax,
COCTOSIIINX u3 JIEMEHTOB pa3zHo0Opa3HoOH bopmsr:



[IECTUYTOJIbHUKOB,  YETHIPEXYTOJIbHUKOB W  TPEYTOJIBHUKOB,
TeKCOEPOB U TETPAdICPOB, MIPHU3M, TUPAMHUJL U JIP.
KoHeuHOeMeHTHas: CeTKa MOJKET aJalTUpOBAThCS (CrylIaThes
WIA YKPYIMHSATBHCS) 1O pe3ylbTaTaM pacdera. OTO T03BOJISIET
MOJIy4UTh 0OJiee TOYHOE pelIeHHe IS o0yiacTedl ¢ OoNbIIUMU
IpaJieHTaMH MapaMeTpoB MOTOKA, HAPUMEp, ISl TIOTPAHUIHBIX
CJIOEB U CKaYKOB YIUIOTHEHUS. YKa3aHHAas BO3MOXXHOCTH CHIDKAET
TpeOOBaHUS K KAa4eCTBY CETKH, COKpAIaeT BPEMs €€ CO3JaHus U
MPOBEJCHUS pacyeTa, a TakkKe IO3BOJSET CHH3UTh OO0BEM
OIIEPaTUBHOMN MaMSTH.

[Mporpamma Fluent obGnmamaer Oonbiroi 06a30if JTaHHBIX
CBOMCTB pabouux Tes, KOTopas BKJIIOYAaeT B ceOs CBEIEHUs O
KHUJIKOCTSIX, Ta3ax U TBEPbIX Teaax. OHa MOXKeT ObITh pacuIupeHa
3a CueT MoJIb30BaTeNbCKUX 0a3. Ilapamerpbl pabouero Tema B
pacuere MOTYT OBITh KaK IOCTOSHHBIMHM, TaK M MEHSITHCA B
3aBHCHMOCTH OT ITapaMeTPOB MOTOKA.

IIporpaMMHBIN KOMIUIEKC MCIOJB3YeT I pELIEHUs METON
KOHEYHBIX 0OBEMOB M TO3BOJSET IMPOBOJUTH DEIICHUE 3a1ad C
MTOMOIIIBIO OJTHOTO U3 TPEX aITOPUTMOB:

- HesBHOTO anroputMma Pressure Based (B poccuiickoii
JUTEpaType €ro HA3bIBAIOT AITOPUTMOM YCTAHOBIICHHS);

- sBHOrO anropurma Density Based (B poccwuiickoii
JUTEpaType - AITOPUTM PACIICTUICHHUS ),

- HesBHOTO anroputMma Density Based.

Pemarens  mporpaMMHOTO  KOMIUIEKCAa  IO3BOJISIET
NPOBOJUTH pEIICHHE Ha BIOXXEHHBIX CeTKaX. VIcXoJHbIe
YpaBHEHHSI MOTYT OBITh TUCKPETU3UPOBAHBI 110 TIEPBOMY, BTOPOMY
WIA YaCTHYHO TPEThbeMy NOPSAAKY TOYHOCTH. PerieHne Moxer
ObITh pacrmapajuleJIeHO H OCYIIECTBIIATHCS Ha HECKOJIBKHUX
IIPOLIECCOPAX.



Bo Fluent BkmO4eHBI pasznuuHble (PU3HYECKHE MOIEIH
TaKMX TPOIIECCOB, Kak: TeruIonepenayda, (a3oBble IEPEXOIbl,
KaBUTALUS U Jp.

B nporpamMmmMHOM KOMILIEKCE JOCTYIHBI CIIEIYIOIIHNE
Mozenu TypOyneHTHocTu: PeitHonbiaca, Cnamapra - Anamapca,
k-m, k-¢, V2F, LES, DES. TloBbIieHre TOYHOCTH MOJCITUPOBAHUS
MOTPAaHUYHBIX CJIOEB JOCTUTaeTCs 3a CYET MCIOJIb30BaHUs
MIPUCTEHOYHBIX (PYHKIUH.

[Tporpamma Fluent mo3BoisieT MCMONB30BaTh OOJBIIOE
KOJMYECTBO TpaHUYHBIX YCIOBUH Ha BXOJE€ U BBIXOAE U3
pacueTHO 00s1acTH, MOJETMPOBATh MOIBUXKHBIE CTEHKH KaHAJIOB.

B nmporpamme peanu3oBaHbl IIMPOKHUE BO3MOKHOCTH
BU3yaJIM3allMM pe3yJIbTaTOB peleHus. Bo3MOoXHO mocTpoeHue
MOJIEW pacupesieieHds NapaMeTpoB IOTOKA, BEKTOPOB, JIMHUN
TOKa, CO3/IaHME aHWMAII|H, YIIPaBJICHUE 0TOOpa)KEHUEM MOJICTTH U
T.n. Pe3ynpraTtel MOTYT OBITH NpPEICTABICHBI B BUJAE T'padUKOB,
TEKCTOBBIX (DaliJIOB WJIM MHTETPAJIbHBIX 3HaUeHUI nmapameTpoB. K
CO’KaJIeHUI0, O0BEM JaHHOIO HU3JaHUS HE IO3BOJSET IOKa3aTh
BCEX BO3MOYKHOCTEH IIpemnpolieccopa M pacckazaTb 000 Bcex
komannax. [Tostomy nnpopmarus, npuBeieHHAs B METOINIECKOM
nocoOuu, JaeT MpeicTaBlieHUe JUIIb 00 OCHOBHBIX U HamOolee
IPUMEHUMBIX KOMAaHJaX, NPUMEHSEMbIX IpU PpELIEHUH 3ajad
TEUCHMS KUJKOCTEH U ra3oB [1 + 4].



2. MPUMEP METOJAUKHN PACYHETA MHOI'O®A3HBIX
TEYEHUA BBICOKOTEMITEPATYPHOT' O IIOTOKA
ITAPOTI'A3A B TAPOT'EHEPATOPE HA KOMIIOHEHTAX
TOIVINMBA METAH-KHUCJIOPO/

1. Ilpu 3anycke Fluent Beibupaem tum 3amaun 3D; 3amaem
tun pematens Double Precision; mporiecc pemieHus TOJDKEH
MIPOU3BOJIUTCS TAPALICIIFHOM pPEXHMe; B HIDKHEH YacTH OKHa
3aaeTcsl MyTh K pabodeld TUpeKTopuu (MyTh COIEPIKHUT TOJIBKO
naTuHCKUe OYKBBI) M IyTh K pernarento Fluent.

B Fluent Launcher | | [
ANSYS e
Dimension Options

[¥] Double Precision

] Meshing Mode

Usze Job Scheduler

[7] Use Remate Linus Modes

@ 30

Dizplay Options
[] Display Mesh After Reading
[¥] Embed Graphics “Windows Fracessing Options
[¥] workbench Calor Scheme Serial
@ Parallel [Local Machine)
Salver
Frocesses
16 &
GPGPUs per Machine
Mone %

[=] Shaw Fewer Options

General Options Farallel Settings L Schediler .Environment 1

Wersion
16.0.0 [+] 7 PresPost Oriy

‘working Directory -
G:\Docsh T TS\C02+H20 ERE

Fluent Root Path -
C:4Pragram Files\ANSYS Inchwl B0 luent ===

[7] Usze Joumal File

oK ]l Diefault || Cancel ]l Help




2. B rmaBHom MmeHwoo B pasnene File BbiOupaem omimio
Read — Mesh u 3arpyxaem ¢aiin crenepupoBaHHOW paHee B
Ansys Meshing cerku. B naHHOM ciyd4ae MOCTpOeHa CeTka,
cozieprkamias obree KoauaecTBo sueek (00beMoB) — 950038 miT.,
noBepxHoctei - 2050070 wit., y3m0B cetku - 281114 mr. lannas
CeToOYHas MoOJenb olecnedmina 3HaYeHHWE TmapameTpa Y+

MakcumaiabHoe — 160; cpeanee — 54,5
IE co2+H20 mod-17-25.¢
Mesh Define Solve Adapt Surface Display Report Parallel View Help

Read » Mesh... -
Write 3 Case...

Data... i :
Import 14 c A Dat r Solution Setup

ase ata... comman problem

Export 5 setup tasks
Export to CFD-Post... POE.. ain menu bar

A I
Solution Files... R sble:. |

DTRM Rays...

Interpolate...
View Factors...

FSI Mapping b

Sawve Picture... Frotle

Data File Quantities... Scheme..

Batch Options... Journal...

Exit C02+H20_med-17-25-0.018

C02+H20_mod-17-25-0.020
C02+H20_mod-17-25-0.008
C02+H20_mod-17-25

T

2 Solution Controls

: '.;’ Run Calculation
- Results

-7 Plots
[-gj> Reports
-8k Parameters & Customization




3. Jlamee  mporecc  3amaHUs  MapaMeTpPoOB  3aaud

MPOUCXOAUT B JIEPEBE pEIICHHs. 3aJaHuE TPAHUYHBIX YCIOBHUI
npoBoauTcs B BeTke Setup. B pasmene General 3amaercss Tum
pematenst  Pressure-Based;
CTallMOHAPHOMU

YCJIOBUE  pCHICHUSA

Steady);  BBIUHCIIEHHE

ckopocTeit B abcomroTHOU cucteme otuera (Velocity Formulation
Absolute).

3aga4un B

nocranoBke  (Time

HCIOJB3YEMBIX  IIPU

= @- Setup General
B EIE Models Mesh
2 at;::jls | Scale... || Check ”F‘.eport Quality |
Solid Display...
"'.‘E"' Mixture ;
= Cell Zone Conditions Salver
G- 65 part_1 (fiuid) Type Velocity Formulation
I-J& Boundary Conditions (@) Pressure-Based @ Absolute
¥ interior-part_1 (interior) _) Density-Based ~ Relative
&-J€ phase-1
-JE phase-2 Time
[+ outlet (pressure-outlet) 6 Steady
¥ steam_inlet (mass-flow-inlet) Transicnt
P€ wall-part_1 (wall)
< water_inlet {mass-flow-inlet) = .
ﬁ %ynamrc Mesh (Bl vty Units...
@ Reference Values
£

4. Ha crnegyromeM miare 3ajJaeM CBOWMCTBA BEIIECTB,

MonenupoBanun.  CBoiicTBa
3ajaroTces B paszene Materials nepeBa MpoeKTHPOBAHMS.

BCIICCTB

4.1 3amaeM CBOICTBa JIBYOKHCH YIJEpoJia, KakK Cpeibl C

MOCTOSHHOM  IJIOTHOCTBIO,  HO

NepeMEeHHON  M300apHOi

TCIIJIIOCEMKOCTBIO.



Create/Edit Materials

Name — Material Type Order Materils by
| carbon-dioxide (@ Mame
fid (0) Chemical Formul
(7 Chemical Formula
Ehe_;ﬂ_!ml Sicic] Fluent Fluid Materials
B i =
Mixture User-Defined Datab -
[none ']
Properties

Density (kg/m3) [cc il

»)[ Edt.. |

‘ 17878

Cp (Spedfic Heat) (jkak) [pleceu\nse-pd Z

m

Thermal Conductivity (wfm-k)[ : ']l Edit... | | 4
‘0.0145
Viscasity (0I5} [congtant ][ Edt... | !
‘1.3?&-05
]
[Change/reate| [ Delete | [ dose | [ Heb |
Piecewise-Polynomial Profile =X
A — - -
Define In Terms of Ranges
Cp Temperature - |2 (2]
| [ Iz
Range Mirimum Maxdmum Coefficents
1 = |300 | 1000 |5 =)
| = =
Coeffidents
1 |429.9289 2 | 1.874473 3 |—U.001966485 4 | 1.297251=-06
5 |—3.999956e—10 8 | 7 | g |

Lok | [cancel] [ e |




B e aterts I, =

Name Material Type Order Materials b
| carbon-dioxide [M v] e

() Chemical Formula
Chemical Formula

Fluent Fluid Materials

= ot .
Mixcture (User-Defined Database... ]

none hi ] |

Properties

viscosity {ka/m-s) [constant ][ Edt.. |

| 1.37e-05

Malecular Weight (kg kgmal) [m"s,ant

| 44,00995

Standard State Enthalpy (jfkgmol) [consiant = ] |_Eaﬁ = _i

| -3.935324e 408

Reference Temperature (k) [cmsiant v]l Edit... |

|298.15

(Change/Create| [ Delete | [ dose | [ Hep |

4.2 3amaeM CBOMCTBa BOJbI, KaK CPEllbl ¢ MOCTOSITHHBIMU
CBOMCTBaMH, HE3aBHUCSIIIUMHU OT TEMIIEPATYPHI.

MName _ Material Type Order Materials by
|water-hqu|d [ﬂwd v] @ Name
; () Chemical Formula
C:?:TJ Formula Fluent Fluid Materials __
| Sy [wateHiquid (h2o<l=) '] [ﬁtmmbase
Mixkure Hser Defined Dot
|mone ) I
Properties
-
Density (a3 [ ongtant 2Bt ]
‘998.2
Cp (Specific Heat) (ika+) (constant < Eat. | |2
‘4182 [
Thermal Conductivity (w/m-k) [mmt ']l_E_dlt . |
‘o.s
Viscosty (™) [ngtant =) Bt | !
‘0.001003
L
[changefcreate] [ peete | [ cose | [ e ]
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B o N

fane__ Material Type Order Materials b
|water-¢|qmd [ﬂuid -I @) Name
Chemical I (1 Chemical Formula
h:KIa howls Fluent Fluid Materials
[r20<> e =
Mixkure ) User-Defined Database...
'none -|
Properties
Viscosity (ka/m-s) [cmsmnt v]l. S [
|o.001003
Molecular Weight {kakgmol) [mnsiant
|18.0152
Standard State Enthalpy (jkamol) [mﬂsiant
|o
Reference Temperature (k) [cx)nstant
|505
[change/create | [ pekte | [ cose | [ e |

4.3 3agaem CBOICTBA BOISHOTO Mapa, KaK UJCAIBHOTO rasa.

Create/Edit Materials [ =]
B Material Type
| water-vapor [ uid
C::GJ UL Fluent Fluid Materials
| [waherﬂvapov (h2o)
Mixture
=
Properties
Doty (fns) [hmpressitﬂe-jdea]—gas v]:. Edit... _

Cp (Specific Heat) (jika+) [WCEMS&‘POIWWB’

Thermal Conductivity (w/m-) [consiant

I8
E
n

=
iEfEEs'i
viscosity {kg/m-s) constant v].' Edit,.,
| 13405
[[hmge,r’ﬂreate] [ Delete ] [ Close ] [ Hep ]
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Y piccewise-Polynomial Profile ; — X

Define In Terms of Ranges
Cp Temperature - |2 [=]
| | . @
Range Minimum Maximum Coeffidents
1 = | 5 (=
| = |3on |1ono 2
Coefficents
1 | 1563.077 2 | 1.603755 3 | -0.002932734 4 |3.2].610le—06
5 |—1.15682?e—09 5 | ?| 8 |
[ OK ] [Cancelj [ Help ]

Create/Edit Materials &

Name Order Materials by

Material Type

| water-vapor @ MName

[fuid z) | @Name
o | (71 Chemical Formula
CH;T!C? e Fluent Fluid Materials 2
| [waterdvapcr (h2s) v] Fluent Database. ..
Mixcture User-Defined Datab -
none vJ
Properties
Viscostty sl =) |oonsiant - | Edit... i
| 1.34e-05
Molecular Weight {kg/kgmel) lcnnstant v] Edit
| 18.01534 il
Standard State Enthalpy (ifkamol) |oonstant ,I Edit, ‘ ‘
| 3.32407 {3
Reference Temperature {k) [consiant v] Edit... ‘ ‘
| 505 |
[ Change/Create ] [ Delete ] [ Close ] [ Help ]

4.4 3agmaeM CBOMCTBa CMECH JABYOKHCH YIiepoja H
BOJSHOTO Tapa, KOTopas oOpasyercs B maporeneparope. B
paznene Mixture Species 3aaeM BeIIecTBa, BXOSIINE B CMECh, B
JAHHOM Clly4ae BOJSIHOW Mmap W IUOKCUA yriepojna. M3obapHas
TEIUIOEMKOCTh Ompesensercs no 3akony Mixing-Law. [InmoTHoCTB

OIpPENECIIACTCS 10 YPABHEHUIO UICAIbHOIO Tas3a.
12



Mame Material Type Order Materialsby
mixture1 2 - || @ Name
| i [“me ] (7) Chemical Formula
el Formi Fluent Mixture Materials
| e ) (e
[none 'l
Properties
Mixture Species [ v_] Edit...
Density (/i) (fgen s =) Edt...
| |
Cp (Spedfic Heat) (jkg+) [ T v]i Edit,,. |
Thermal Conductivity {w/m-) [omsi:mt -]| Edit... |
|o.0454
ChangefCreate| [ Delete | [ Cose | [ Hep |

Eoms T

Mixcture | mixture 1

Available Materials Selected Species
oxygen {02) h2o
wateriguid (h2o<l>) o2

| Add ”Removel

Selected Site Species Selected Solid Species

|! Add HRernove Add | |Remave |

Lok | [cancel] [ relp ]
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Create/Edit Materials

Dame: Material Type Order Materalsby
|mixmre1 [mixmre v] (@) Name
= ) Chemical Formula
Chemical Farmula it Mot & Mateals —
| e =
Properties
Cp (Spedfic Heat) (jfka+k) Imm'ng-law v] = -
Thermal Conductivity {w/fm-) [mnsmnt v] z Edit... B
|o'.'o4§4' I
Viscosity (ka/m-s) [oonsiant v] Edit...
| 1.72e-05 ] £
Mass Dty fn2l=) | constant-diute-appx =) edie. |
|2.88e-05 1 (4
(]
[Changefcreabe ] [ Delete ] [ Close ] [ Help
5. 3amaB CBOMCTBa MaTepUalioB, MEPEXOAUM K ONUCAHHIO
paznena Model.
=@ Setup Models
= General

R Models

l: Materials

Multiphase - Eulerian

: 5 Energy - On
@ Flu?d '\.I'ist:DgL:‘IsI - 55T k-omega, Mixture
EI Sk Radiation - Off
E"" Mixture Heat Exchanger - Off
-5 Cell Zone Conditions Spedies - Spedes Transport
¢ -6 part_1 (fuid) Eiscreiée Ph%sgf-oﬁ
i £ coustics -
’:‘Ii: Polinidny Condions Eulerian Wall Film - Off

=¥ interior-part_1 {interior)

P phase-1

~JJ& phase-2

- J¥ outlet (pressure-outiet)

it steam_inlet {mass-flow-inlet)
fi-JHE wall-part_1 {wall)
Elit water_inlet {mass-flow-inlet)

H Dynamic Mesh

-4 Ref Val
Q EeTerence values

B-- Solution

B nynkre Multiphase Model Bei6upaem monens Eulerian ¢

guciioM ¢a3 2. AktuBupyem omimio Evaporation-Condensation, B
14



monemu Evaporation-Condensation aktuBupyem omuuio Thermal
Phase Change. ITapameTpsl 00BEMHBIX JOJIEH 3a/1al0TCS TIO SIBHOU
cxeme (Implicit).

B Multiphase Model ]

Model Mumber of Eulerian Phases

& Off 2 (=)
) Volume of Fluid 2
) Mixture
(@) Eulerian
Wet Steam
Eulerian Parameters
Denge Discrete Phaze Model
Boiling Model
|-J_-: Evaporation-Condensation
Multi-Fiuid VOF Model

Evaporation-Condensation Model Options
(") Lee Model |
(@ Thermal Phase Change

Volume Fraction Parameters
Farmulation |

() Explicit
@ Implicit

l oK I lCanceI| IHeIp J

BreiOpaB mozens Ditnepa, mepexoauM K  OINUCAHHIO
OCHOBHOM U JIOTIOJTHUTEHHOH (ha3.
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L—j@ Setup

i General

A8 Models

ElEE Multiphase (Eulerian)

AY Phases

o -l phiaze-1 - Primary Phaze
- phase-2 - Secondary Phase
AY Phase Interactions

Energy (On)

Viscous {SST k-omega, Mixture)
Radiation (Off)

& Phases S|

Phases

phase-1 - Primary Phase

phase-2 - Secondary Phase

[

Edit.. |[Interaction... | 1D|z

B kauectBe OCHOBHOI (pa3bl BEIOMpaeM MaTepuan mixturel

(cMech BOJSHOTO Mapa U JBYOKHUCH YIJIEpO/ia).

Primary Phase

| phase-

Phase Material [rnixmre:l

- | [Edit... |

(o] [Gnal) (e ]

B kadecTBe MOMONHUTENBHOUW (ha3bl BBIOMpaeM MaTepual

water-liquid.
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Secondary Phase u

MName
|phase—2
e —
Granular
Interfadal Area Concentration A
Properties I
-
Ko ste (1) [constant [ Edt.. |

|o‘coo1

Jlanee onuceiBaeM MmapameTpbl B3aUMOJICUCTBUS MEXKIY
OCHOBHOMU W JIOTIOJTHUTEILHOU (ha3amu.

288 Phases & T
© B phase-1 -Prmary Phass
BY phase-2 - Secondary Phase
Energy (On)

Viscous (55 - - “ _
Radation Phase Interaction ‘w

Heat Exchy

SDEGES(: Virtual MESS| Drag | Uft | wallLubrication | Turbulent Dispersion | Turbulence Interaction | Colisions | Sip | Heat | Mass | Reactions | surface Tension | pie
Discrete

B9 Injectq | [7] Virtual Mass Modeling
Acoustics | | Virtual Mass Coefficent
Eulerian W)
aterials ‘ phase-2 | phase-1 [constant nE=

Type Velodty Formulation

& carbon]. [0

: u
5 Cell Zone Cal|

£ Boundary Cofl|
it | [ex)
e
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B D—

Virtual Mass  Drag I Lift | WaﬂLubnGmcnl waulentDlsperswnl Turbulence In‘beracﬁoﬂl Co\hsmﬂsl Slip I Heat | Mass I Rzactlonsl Surface

Drag Coeffident
[ brag Modification E
| ‘ phase-2 | phase-1 [symmetric =) Edt.. |

' Lok | [concel] [t |

VituzlMass| Drag Lt | wall Lubrication | Turbulent Dispersion | Turbuience Interaction | Colisions | sip | Heat |

Lift Coefficent

| phase-2 | phase-1 ’m - ] l Edit...
|

Lok | [cancel] [re |
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e T —

I virtual Massl Drag I Lft  Wall Lubrication |watﬂentDispersion| Turbulence I:'lteractionl Collisionsl Slip I Hea

Wall Lubrication
i |phas&2 |phase-1 [rxme v]l Edit... | :
|

|

[

[

: -
[

: [Lox | [cancel| [telp |

Bl ronivencion T T E—

Virtuzl Mass | Drag | Lift | wallLubrication Turbulent Dispersion | Turbuience Interaction | colisions | sip | Heat |
Turbulent Dispersion

i | phase-2 | phase-1 [none ][ Edt.. ]

(Lo | [cancel] [Hep |
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L = ——
- _

virtual Mass | Drag | Uft | wall Lubrication | Turbulent Dispersion  Turbulence Interaction | colisons | sip | Heat

Turbulence Interaction

|phase-2 |phase-1 [m = ] | Edt.. |

[[ox | [cancel] [reb |

o ———

5 W

Virtual Massl Drag I Lift I wall Lubri(zﬁonl TurbulentDispersionl Turbulence Inheracﬁonl Collisionsl Sip  Heat | Mass I

Heat Transfer Coeffident
|Dh355‘2 | phase-1 [two-resistzmm Y_] LE it....

[ox |
Two Resistance Model M

Continuous Phase-Interphase Heat Transfer
[rm;—mﬂ{d’\aﬂ vll Edit... |

Dispersed Phase-Interphase Heat Transfer
[zrovesisanee ]| ot |

| [k ] [Cancel] [helo | J
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[ o — o —

Virtual Massl Drag | Lift | Wiall Lubriahanl TurbulentD\sperssonl Turbulence Intera:honl Co\hgonsl Slip | Heat Mass |Reach'ons| SurfaceTensonI Di
Number of Mass Transfer Mechanisms [ 1 (=]
=

|| Mass Transfer
From To -
Phase Spedies Phase Spedes Mechanism

== 3l e B[ =l

| Lo )
- —
Evaporation-Condensation I\«w—

Thermal Phase Change Model

Continuous Phase-Interface Transfer Coeff
| 1

Disperse Phase-Interface Transfer Coeff
| 1

Evaporation-Condensation Properties

Saturation Temperature (k)
’mt v“ Erhitia i

|505

Lok | [cancel| [ teb |

Phase Interaction

virtual Mass | Drag | Lift | wall Lubrication | Turbulent Dispersion | Turbulence Interaction | Colisions|  sip | Heat | Mass | Reactions Surface Tension | e

Surface Tension Force Modeling
Surface Tension Coefficents (n/m)

|Ph552'2 ‘D"'Ese'l [mnsazmt [ Edt... |

|n‘n7z




Dimeess T T I =

Virtusl Mass | Drag | Rt | walLubrication | Turbulent Cispersion | Turbulence Interaction | Colisons | sl | Heat | Mass | Resctions | Surface Tension| Discretizstion Interfacial res |
Interfacial Area

= = i (e

-

6. B MoJenb BKIIOUEHO YPABHEHUE DHEPTHUH.

E Energy L&

Energy ;
| |
[¥] Energy Equation

[ OK ] [Cancd] lHeI|:| I

7. Hanee B paznene Models onmuceiBaeTcs 3a1aHne MOJIEIN
TypOyneHTHocTH. Bridupaercs monens k-omega SST. KoncTaHTb
MOJIETM  TypOYJCHTHOCTH  OCTaBJICHBI [0  YMOJIYaHHIO.
AxtuBupyem omuuu Curvature Correction, Production Limiter.
Mogens TypOyJIeHTHOCTH 3aaeTcs OJAMHAKOBOW uisi obenx (a3
(axTuBUpyem omuro Turbulence Multiphase Model — > Mixture).

22



&Y Viscous Model &

Model Model Constants
() Laminar alpha* inf !
(1 k-epsilon (2 eqn) ’1—
@ k-omega (2 eqn)
(71 Reynolds Stress (7 eqn) Alpha_inf B

k-omega Model 52

m|

) :;T_ndard Beta™ inf
it 0.09
k-omega Options al

[7]Low-Re Corrections 051

Options - User-Defined Functions
I: Viscous Heating Turbulent Viscosity
[¥] curvature Correction %
[] Compressibility Effects mixture | none v
] Production Kato4Launder haseid
[¥] Production Limiter phase Inone "
-2
Turbulence Multiphase Model s ’none 'l
@ Mixture '
) Dispersed

(7} Per Phase

l OK ] lCancd] [Help I

8. Jlanee B pasmene Models ocraeTcst ommcaTh TOJBKO
Mex(]a30oBbIi mepexo] B pasnene Species. AKTUBUPYEM MOJETb
Species Transport, Bkiarouaem st Hee ommuio Diffusion Energy
Source.
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EY species Model [

Model Phase Properties
) Off Phase
i@ Species Transport phase-1 v] Set...

Non-Premixed Combustion

Premixed Combustion Phase Material [ mivtre1

Partially Premixed Combustion
Composition PDF Transport

Reactions
[ volumetric

Options

[T 1nlet Diffusion

[] Diffusion Energy Source

[T Full Multicomponent Diffusion
[~ Thermal Diffusion

Lok | [aeply | [cancel] [ Heip |

3amaem mapamMeTpsl BemecTBa i phase-1 u phase-2. s
phase-1 3amaem marepuan mixturel, cBOiicTBa KOTOPOTO OIMCAHBI
B 1. 4.4.

ﬁ Phase Properties u
Phase
|phase-:l
Material
[mixturet - | [Edit..s]

Number Of Volumetric Species [
Number Of Solid Species 0

Number Of Site Spedes [

Options

| _ | Full Multicompanent Diffusion |
|

[Lok | [cancel] [ tep |

st phase-2 3amaem Marepuwan water-liquid, cBoiicTBa
KOTOPOTO OIHUCAHBI B II. 4.2.
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Eeas Mogd e
Model Phase Properties
) off Phase
@ Spedies Transport ’phase—z ,] [Set... ]

Non-Premixed Combustion
Premixed Combustion
Partially Premixed Combustion
Compesition PDF Transport

Phase Material wateriquid

Reactions

[ Volumetric

Options

[l nlet Diffusion

Diffusion Energy Source
[ Full Multicomponent Diffusion
[ Thermal Diffusion

Lok | [seply | [cancel] [ e |

3 Phase Properties

Phase

| phase-2

Material

[waber-uqujd = ] Edit...
Qptians

‘ [ Full Multicomponent Diffusion

(Lo | [cancel] [ teb |

9. OnucaB Mojenb, MEPEXOJUM K 3aJaHUI0 TPaHUYHBIX

ycinoBuii. B

paznerne

OTHOCHUTCIIBHOC NAaBJICHUC.

25
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&Y Operating Conditions @
Pressure Gravity

Operating Pressure {pascal) [ Gravity
2570000 @

Reference Pressure Location

K{m)’ai 8
\'(m)"gi ®
Z(m)’gi B

= ',

9.1 Jlamee 3amaeM rpaHUYHOE yCIIOBHE pressure-outlet Ha
BBIXOJJHOM  CEUEHWU MmaporeHeparopa. M30bITouHoe (Han
Operating Pressure) naBieHue paBHO HYIIO.
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Multiphase (Eulerian)
Energy (On)
Viscous {S5T k-omega, Mixture)
Radiation (Off)
Heat Exchanger (Off)
Spedies (Species Transport)
Discrete Phase (Off)
b RS Injections
----- BY Acoustics (Off)
-89 Eulerian Wall Film {Off)
& Materials
B Fluid
- carbon-dioxide
- oxygen
- & wateriquid
- water-vapar
- Solid
L 8 aluminum
& Mixture

: 4 mixturel
water-vapor

£ Cell Zone Conditions
=6 part_1 (fuid)

Il

b JE wall-part_1 (wall)
- JE water_inlet (mass-flow-nlet)
E Dynamic Mesh

----- Q Reference Values

Boundary Conditions

Zone

interior-part_1

steam_inlet

wall-part_1

water_inlet

Phase Type D )
[mixture v] [uemewﬂet v] [

[ Edit... ] [ Copy... ][Pmﬁles.,. ]

[ Parameters... ] [_[)perah‘ng Conditions. .. ]

Display Mesh... _:Perioclic Conditions. .. |
|| Highlight Zone
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Momentum IThermaII F‘.adiationl 5|Jecies| DPM I Multiphasel ups I

Gauge Pressure (pascal) | 0 [cmsiant

Backflow Direction Spedfication Method [Ncrma} to Boundary

Radial Equilibrium Pressure Distribution
Turbulence

Spedification Method lmbensitv_,md Hydraulic Diameter

Baddflow Turbulent Intensity (%) ‘ 5

Backflow Hydraulic Diameter {m) ‘ 0.004

Lok | [cancel] [ hep |

Breveona s W D e

Zone Mame Phase

| outlet | phase-1

Momentum Themal'Radiaﬁon| speces| DPM | Multiphase| uDs |

Backflow Total Temperature (k) | 1100 [cmslant

Lok | [cancel] [ Hep |

28



Pressure Duﬂet'h—f‘ ‘_

Zone Mame Phase

| outlet ‘ phase-1

Momentuml Thermall Radiation SD'E'CiF-El OPM IMuItiphaseI D5 I

Spedfy Spedes in Mole Fractions
Species Mass Fractions

Polon [t .

Lok | [cancel] [ Help |

.
Pressure Outlet

Zone Mame Phase

‘ outlet | phase-2

Momentum Thermal |F‘.al:|iah'|::n| Speciesl DFM Il"h..tlﬁdqasel DS I

Backflow Total Temperature (k) | 1100 lcmsmt

ok | [Cancel] [ el |
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Pressure Outlet u 1

Zone Mame

_ Phase
‘ outlet ‘ phase-2

Mamentuml Thermall Radiah’onl Spedes! DFM Multiphasel uDs i

Backflow Yolume Fraction | o [consﬂant v]

Lok | [cancel| [ reb |

I ————————

9.2 Jlanee 3amaem rpaHudHOe yciaoBue mass-flow-inlet Ha
BXOJTHOM CE€UYEHHUH MaporeHeparopa. MaccoBblid pacXxoJl OCHOBHOM
¢a3sl paBen 0,009 kr/c. Temmneparypa 3400 K.

Boundary Conditions

Zone

interior-part_1
outlet

wall-part_1
water_inlet

Phase D

Type
’mixture v] lmass—ﬂow—u"llet vl ]'

[ Edit... ][ Copy... ][Proﬁ]es... ]
[ Parameters... ] [Operah‘ng Conditions.... ]
Display Mesh.. | | Periodic Conditions... |
[ Highlight Zone
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"B Mass-Flow Inlet

Zone Name Phase

| steam_inlet | mixture

Momentum |Therma|| Ral:haﬁonl Speciesl DFM I Mult’phasel uDs I

Reference Frame [Absniute

Supersonic/Initial Gauge Pressure (pascal) | 0 IMt

Direction Spedification Method [Normal to Boundary

Turbulence

Spedfication Method llntensitv and Hydraulic Diameter

Turbulent Intensity (%) |'5

Hydraulic Diameter {m) | 0.04

Lok | |cancel] [ e |

'3 Mass Flow Iniee W ‘L_ (X

Zone Name Phase

| steam_inlet | phase-1

Momentum | Thermal | Raciation | Species| DeM | Multiphase | 1Ds |

Mass Flow Spedification Method ’M_assFlow Rate

Mass Flow Rate (ka/s) | 0.009 [Cmﬁbnt

Lok | [cancel| [hep |
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Zone Name

Phase |

| steam_inlet | phase-1

Momentum Themal | radiation | Speces| 0PM | Multiphase| wos |

Total Temperature (k) | 2400 [cnnsmﬂt Y]

Lok | [cancel] [he |

Zone Mame Phase

‘ steam_inlet | phase-1

Momentum | Thermal | Radiaton  Speces | pew | Mutiphase | uos |

["|5pecify Species in Mole Fractions
Species Mass Fractions

h2o 0,65 | constant .| -

[ ok | [cancel] [ Help |
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r —
ﬂ Mass-Flow Inlet

Phase

Zone Name
| phase-2

| steam_inlet

Momentum !Thermali Radiationl Speciesl DFM I Mthiphasel uDs l

Mass Flow Spedfication Method lMass Flow Rate ,]

Mass Flow Rate (kg/s) ‘U i [mnsmnt v]

Slip Velocity Specification Method ’dene Eritian

Volume Fraction ‘U 1 [consmnt ,,]

[ ok | [cancel| [ Help |

E Maszs-Flow Inlet

Zone Name Phase
| phase-2

| steam_inlet

Momentum  Thermal |Rad|atiu:uni Speuesi DPM IMuItiphasel LUDs I

Total Temperature (k) | 3400 [consmnt

[ Ok ] [Can::el] IHeIp ]

Cne):[yeT OTMETUTB, YTO 'PAHUYHBIC YCJIOBUA Ha BXOJC U HA
BBIXO0JIC ITApOTeHepaTopa 3a1aBajIiCh B TPH JTara:

- o011ee onMcaHNe TPAaHNYHOTO YCIOBUS;

- TPaHUYHOE YCIIOBHE JJIsl OCHOBHOM (haskl;

- TPAaHUYHOE YCIIOBHE IS IOTIOJTHUTEIBHOM (ha3bl.
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9.3 Ha cnenyromeM 3Tane 3aJaeM TpaHUYHbBIE YCIIOBUSA
JJIA  CTCHOK. CreHku 3alaHbl TJIAIKUMH, HEBPAINAOIIUMMUCH,
TEIJIOBOM MOTOK dYepe3 HUX paBeH HYJI0, T.€. OHU 3a/1aHbI

annabaTHBIMU.
Zone Name Phase |
| wall-part_1 | mixture

Adjacent Cell Zone
| part_1

Momentum | Thermal | Radiation | Species | DM | Muttiphase| DS | wal Fim|

Wall Motion Motion
(@ Stationary Wal | [V] Relative to Adjacent Cell Zone |
() Moving Wall

Wall Roughness

Roughness Height (m) | 0 b =
Roughness Constant | 0.5 et =

(o | [concel] [ rep |

e ]

Zone Name Phase

| wall-part_1 | mixture

Adjacent Cell Zone
| part_1

Momentum  Thermal | radiation | Species| DPM | Mutiphase| Ups | wal Fim|

Thermal Conditions

(@) Heat Flux Heat Flux (w/m2) | 0 [mt = ]
(7) Temperature
(Z) Convection Wall Thickness (m) ’707
() Radiation )
7 Mixed Heat Generation Rate (w/m3) | 0 [ ¢ = ]
1) via System Coupling

via Mapped Interface [ shell Conduction I_l Layer __I [Edit... |

Material Name

o 7] )

[Lox | (cancel] [1eb ]
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Bl wall e

Zone MName Phase
| wall-part_1 | phase-1

Adjacent Cell Zone

| part_1

Momeanm] The:'ma|1 Radiation SDECiES] DFM ] Multinhase} uDs 1 Wall Film

Spedes Boundary Condition

-

hao ’Zero Diffusive Flux vl

[ ox | [cancel| [ Help |

9.4 TlocnenHuM rpaHUYHBIM YCIIOBHUEM SIBJIIETCS YCIIOBHE
ISl 4eThIpeX (OPCYHOK IOMOJHHUTENbHYIO (a3y. Ha rpanure
3amaercsi  ycinoBue — mass-flow-inlet.  MaccoBeiit  pacxon
nonoauTensbHOU aser 0,018 kr/c. Temneparypa 290 K.
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Boundary Conditions

Zone

interior-part_1
outlet
steam_inlet

wallﬁt 1

Phase

Type ]
[rw'me v] [mass—ﬂow-hlet v] |8
[ Edt. ][ copy.. |[Profies..
[ Parameters. .. ] [Operatiug Conditions. .. ]
[DsdayMea"l] | Periodic Conditions... |
[ Highlight Zone
B O e
Zone Mame Phase
| water_inlet | mixture

Momentum ITherrnaII F‘.adiaﬁonl Spedesl DFM I Multiphasel uDs I

Reference Frame ’Abmlute v]
Supersonic/Initial Gauge Pressure (pascal) | h) [consfm.t 'l
Direction Specification Method ormal to Boundary -
Turbulence
Specification Method lmww e v]
Turbulent Intensity (%) | 1
Hydraulic Diameter {m) |0.0015 @

ok | [cancel] [t |
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Zaone Name Phase
| water_inlet | phase-1

Momentum |Then'na|| Radiah’onl Spedesl CPM | Mulﬁphasel ups |

Mass Flow Spedfication Method lMaSS Flow Rate _.]

Mass Flow Rate (kafs) | 0 [mmt, v]

Lok | [cancel] [reb |

Mass-Fiow Infet ‘.-- l )

Zaone Mame Phase
| water_inlet | phase-1

Momentum Thermal | Radiation | speces| oPv | Multiphase| wps |

Total Temperature (k) ‘290 [Gmstmt v]

Lok | [Cancel] [ rep |
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Mass-Fiow Intet S R | T

Zone Name Phase

| water_inlet | phase-1

Mnmentl.lml Thermall Radiation SDE‘GESI DPM |I'~"I|.|Iti|:uhase| uDs I

Specify Species in Male Fractions
Spedes Mass Fractions

Lok | [cancel] [ e |

LN T T——
B Mass-Flow Inlet | S
T — — - — E
Zone Mame Phase
‘phase—z

| water_inlet

Momentum |Ther1'r|a|| Radiatinnl Speciesl DPM | Multip*'lasel uos |

Mass Flow Spedification Method [Mass Flow Rate

Mass Flow Rate (kg/s) | 0.018 [“’ plent

slip Velocity Spedification Method [vdwne Fraction

Volume Fraction | 1 ' [mﬂ"lt

ok | [cancel] [ relp |
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ﬂ‘ Mass-Flow Inl . ﬂ
i

Zone Mame Phase
| water_inlet ‘ phase-2

Momentum  Thermal | Raciation | Species| DPM | Multiphase| D5 |

Total Temperature (k) |“ng | ’consiant vl

Lok | [cancel| [ teln |

10. B pazmene Solution 3amatorcss mapameTpsl pelISHHS
3a/1a499.
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Solution Methods

Pressure-Velocity Coupling

sinluion Methods

Scheme

|Coupled -
[T coupled with Volume Fractions

[ selve N-Phase Volume Fraction Equations

Spatial Discretization

Gradient

[Least Squares Cell Based v]
Density

[Second Order Upwind v]
Momentum

[Second Order Upwind v]
Volume Fraction

[First Order Upwind -]
Turbulent Kinetic Energy

’Second Order Upwind v]

Transient |

__|Mon-Tterative Time Advancement
[_|Frozen Flux Formulation
[¥]Pseuda Transient

[¥]High Order Term Relaxation

[T]set all Species Discretizations Together

»

m

11. Ilpu peuieHuu 3agauu 3a/1aHbl CIEAYIOUIUE TapaMeTphbl

peraKcaIyH.

Scheme

| Coupled v
"] Coupled with Volume Fractions

[ Solve N-Phase Volume Fraction Equations

Spatial Discretization
Wolume Fraction 2
|First Order Upwind -
Turbulent Kinetic Energy

[Semnd Order Upwind v]
Spedific Dissipation Rate

ISeoond QOrder Upwind v]
Energy

’Second Qrder Upwind v]
phase-1h2o

ISeoond Order Upwind v]

Transient Formulation

I Mon-Iterative Time Advancement
_ | Frozen Flux Formulation
Pseudo Transient

[¥] High Qrder Term Relaxation
[] st All Species Discretizations Together

Default
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Solution Controls Solution Controls

Pseudo Transient Explicit Relaxation Factors P=seudo Transient Explicit Relaxation Factors

Pressure Vaporization Mass G
| 0.5 | 0.8

Momentum Turbulent Kinetic Energy

| 0.5 | 0.75

Density Specific Dissipation Rate

| 0.8 | 0.75

Body Farces Turbulent Viscosity 3
. os *
Volume Fraction Energy

| 0.5 | 0,75

[Equaﬁons... ] [Limits... ] [Advanced... ]
[ 5et All Spedes URFs Together

[Ewaﬁms.., ] [Limits... ] [ndvanced... ]
|| set Al Spedies URFs Together

_Solution Controls

Pseudo Transient Explicit Relaxation Factors

Turbulent Kinetic Energy
| 0.75

Spedific Dissipation Rate
| 0.75

Turbulent Viscosity
| 0.8

Energy
| 0.75

m

phase-1hZo
| 0.75

[Equations... | [Limits... | [ Advanced...
|| 5et All Species URFs Together

4

B paznene Equations BEIOHparOTCst penaeMbie YpaBHEHUS.
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i E Equations m

Volume Fraction

Turbulence

| ok ] [oefout] [concel] [ |

12. B pazmene Advanced Solution Controls 3amarorcs
JOTOJIHUTCIIBHBIC, paCIIMPCHHBIC MTaAPaMCTPhI pCIIATCIIA.

B v Sbin G I e

|

Multigrid | Muih-Smgel Expertl

Cyde Type  Termination Restriction AMG Method Stabilization Method —

= — -
=
e —

Algebraic Multigrid Controls
Scalar Parameters
Flexible Cyde Parameters
| Fixed Cyde Parameters Coarsening Parameters —
Sweeps [ &)
Pre-Sweeps [ [] | | Max Coarse Levels [2g =
= = Max Fine Relaxations [ 37 “[=
Post-Sweeps [ 3 [&] | | coarsenby g
! ! = Max Coarse Relaxations [sp (%]
Max Cydes 3 [=] | | [T]Laplace Coarsening =
=
Smoother Type Options
() Gauss-Seidel Verbosity ’0— @
=

Coupled Parameters

Fixed Cyde Parameters Coarsening Parameters

Pre-Sweeps [p [a] Max Coarse Levels [ 2n
=

Post-Sweeps [ 3 [&] | | coarsenby 4
=
Max Cydes [3p (] D Conservative Coarsening
=

[ Laplace Coarsening f

Smoother Type

(0c ] [concel] [ieo ] |
42




0| Advanced Solution Controls

Limiter Type

@ Cell to Face Limiting
) cell to Cell Limiting
[] Apply Limiter Filter

Spatial Discretization Limiter

Multigrid | MultisStage  Expert |

Pzeudo Transient Method Usage

Volume Fraction

Turbulent Kinetic Energy

Specific Dissipation Rate

Energy

phase-1hZo

B 8 89

OnfOff Under-Relaxation Factor Time Scale Factor

[ ;
E—
L
; ;
g IE

[Loc | [cancel] [ e |

13. 3amaercs WHULOMAIM3ALUS pacuyeTHOM oOnacTH B
pazznene Solution Initialization. Berbuparorcst onuuu cTanapTHOU

WHUITHATHA3AIIH,

HAINpPABJIECHUH U HaYaJIbHAs TEMIIEpATypa.

3a1aCTCd HadallbHasd CKOPOCTb
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Solution Initialization Solution Initialization

Initialization Methods Initialization Methods
ybrid Initialization (71 Hybrid Initiglization

9) Standard Initislization @ Standard Initislization

Compute from Compute from
v] —
Reference Frame Reference Frame
elative to Cell Zone @) Relative to Cell Zone

() Absolute (") Absolute

Initial Values Initial Values
-

Gauge Pressure (pascal) _ ¥ phase-1hZo -

| 0 | 0.65

Turbulent Kinetic Energy (m2/s2) phase-1Temperature (k)

| 0 |5 | 3399,997

Spedific Dissipation Rate (1/5) ‘ phase-2 X Velocity (m/s)

: LA

phase-1X Velodty (m/s) phase-2 Y Velodty (m/s)

| 3.847872 | 0

phase-1 ¥ Velocity (m/s) phase-2 2 Velocity {m/s) 1

° E

phase-17 Velodity (im/s) phase-2 Volume Fraction

° &

[Iniﬁaljze][ Reset ][Pahch...] [I.m:tialize” Reset ][P;tchl

|Reset DPM Sources | | Reset Statistics | Reset DPM Sources | | Reset Statistics

14. Jlanee 3amyckaem 3ajady Ha pelieHue B pazzgeiie Run
Calculation. Kpome TOrOo 3amaercst KBa3UCTALMOHAPHBIN
BPEMEHHOM IIar ¥ MaKCUMaJIbHOE KOJMYECTBO UTEPAIIHH.
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Run Calculation

Check Case... Preview Mesh

Pseudo Transient Options

Fluid Time Scale
Time Step Method  Pseudo Time Step (s)
@ User Specified le-06

() Automatic
Number of Iterations Repoarting Interval
| 10000 = | 1 (=
=] =
Profile Update Interval

[

Data File Quantities... Acoustic Signals...
Calculate

IIpu  goctmxkeHun  TpeOyeMOl  TOYUHOCTH  pacyer
OCTaHaBJIMBAETCA. AHAIU3 PE3YyIbTaTOB MOACIUPOBAHUSA yIOOHO
npooauth B ANSYS CFD POST.
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METOANYECKHUE YKA3AHUA

JUTSL BBITIOJTHEHHSI TPAKTUYECKUX U CAMOCTOSITEIBHBIX paboT
no qucuuiuinHaM «TerioBble, AeKTPOpaKeTHbIE IBUTATEIN
Y DHEPrOyCTaHOBKH JICTATEIBHBIX aIapaToBy,
«MartemaTH4ecKoe MOIEIMPOBaHNE PabOYUX MTPOLIECCOB
B DHEPTETUYECKUX YCTAHOBKAX» JJISl aCIUPAHTOB CHEIHATBLHOCTH
05.07.05 «TenuoBble, 2IEKTPOPAKETHBIE IBUTATENN
Y DHEProyCTaHOBKH JIETATEIbHBIX allllapaToB) HANPaBICHUI
14.06.01 «AnepHas, TerioBas 1 BO300HOBIIsIEMasi SHEPreTHKA
Y COMYTCTBYIOIINE TeXHOJIOTUNY, 24.06.01 «ABHanmonHas
Y paKeTHO-KOCMHUYECKast TEXHUKA» OYHOU (HOpMBI 00yUIEeHHUs

CocraButenu:
Hpo3noB Urops I'eHHagbeBUY
[IImaros JImutpuii [TaBnoBuy
TumommnoBa Tarbsina CepreeBHa

B aBTOpCKOI1 penakunn

IToamucano x m3manuro 25.04.2017.
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