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BBEJAEHUE

TenmooOMeHHBIMU arrmapaTamMu (TenII000MEHHUKAMM ) Ha3bIBAIOTCS
YCTpOWCTBA, MpeaHa3HA-YeHHbIE Jisi OOMEHa TEIUIOTOM MEXIy Tperoued u
oOorpeBaemoii ~ pabounmmu  cpenamu.  llociaenHue — TPUHATO — HA3bIBATh
TEIUIOHOCUTEIISIMH.

HeoOxomumocTh mepenaud TEIUIOTHl OT OJHOTO TEMJIOHOCHTENS K JIPYroMy
BO3HMKAET BO MHOTHX  OTpPACIAX  TEXHUKU: DHEPreTHUKE, XUMHYECKO,
METaJITypruuecKoi, He(pTAHOM, MUIEBON U APYTUX OTPACIAX MPOMBIIUIEHHOCTH.

B kxorenbHOM arperaTte TEIUIOTA, BBIIEISAIOMIAACS NpPU TOPEHUU TOIUIMBA,
nepeiaeTcs BOJAE U mapy, T. €. KOTEIbHbIN arperaT npeCcTaBIsieT CO00 COBOKYITHOCTb
TEIJIO00OMEHHBIX anmnapaToB. B aTOMHOM CHIIOBOM yCTaHOBKE BbLEseMas A1€pHbIM
PEaKTOPOM TEIIOTa BOCIPUHHUMAETCS MEPBUYHBIM TEIUIOHOCUTENIEM, KOTOPBIM caMm
CTAaHOBUTCS  paJUO-aKTUBHbIM. B  1BUrarene  HCIONB3YyeTCS  BTOPUYHBIN
TEIJIOHOCUTENb, KO-TOPBIM MOJYYaeT TEIJI0 OT MEPBUYHOIO B TEIIOOOMEHHOM
anmnapare. I[Ipouecc pereHepanuu B Ta30TypOMHHONW YCTaHOBKE OCYIIECTBIISETCS
MyTeM [epedadyd TeIuIoThl B TEMIOOOMEHHHKE OT OTpabOTaHHBIX MPO-TyKTOB
CropaHusi CXKaTOMY BO3JIyXY.

Iupokoe pacrnpocTpaHeHHE TEMJIOOOMEHHBIX amlmaparoB  0O0YCIOBUIIO
MHOT000pa3ue uX KOHCTPYKTUBHOTO O(OPMIICHUS.

TenioBeie TpoIeCcChl, MPOUCXOAIINE B TEMJIOOOMEHHBIX amnmnaparax, MOTYT
ObITh CaMbIMU PAa3HOOOpPA3HBIMHM: HArpeB, OXJIAXJIECHUE, HUCHapeHue, KUICHHE,
KOH/JIEHCallWs, TUTABJICHHE, 3aTBEP/IEBaHKE U 00JIee CIOKHBIE MTPOLIECCHI, SIBISIOLINECS
KOMOMHAIMEW TMepeuncieH-HplX. B mporecce TemmooOMeHa MOXET Y4acTBOBATh
HECKOJIbKO TEIUIO-HOCUTENIEH: TEIUIoTa OT OJIHOTO M3 HUX MOXET IepeaaBaThCs

HCCKOJIb-KHUM U OT HCCKOJIbKUX — OIHOMY.



In1asa 1. IOJITOTOBKA PACUETHOM MOJEJIA

1.1 3amyck nporpammHuoii 06010uxku ANSYS Workbench

Pacuer npousBogutcs Ha ocHOBe nporpammHoil o6onmouku ANSYS Workbench
14 5.

Chauana HeoOxomumo  3amyctutb  ANSYS  Workbench:  Ilyck—Bce
nporpaMMbl—ANSYS 14.5—Workbench 14.5. Otkpoetcst paboyee 0KHO MPOTrpamMMbl
(pucynok 2.1).

B kauectBe mpoekta HyxHO BbiOpaTh Fluid Flow (Fluent) (Pucynox 1.1).
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Pucynok 1.1 — Buemnwmii Bua padouero okua Workbench u cxemsl pacuera Fluid
Flow (Fluent)

s uMIiopra reoMeTpU4eCKOM MOJENN HY>KHO 3aiTh B Moyib Geometry.

[Iporpamma mpeIoKUT BHIOpaTh €aUHUILY W3MepeHus. Heobxoammo BeIOpaTh

muuMeTpsl (Pucynok 1.2).



[Mocne »TOrO 3arpyXkaercs TreoMeTpHyeckass MOJeIb NPOTOYHOH 4YacTu
terorenepatopa (File—Import External Geometry File). Ha mepeBe moctpoenus
nosiButcs 3Ha4ok Import. Haxkmute Ha Hero ITKM u Bei6epute Generate. [Tocie aToro

MOJIeITh TOJDKHA BU3yalTu3upoBathes B okHe Graphics (pucyHok 1.3).

70,00 (mm)

Model View | Print Preview

INo Selection Millire

Pucynok 1.3 - BHemnHuii BUJ CeKIUU TEII00OMEHHOIO anmnapara

Pacuérnas momenb mpencraBiseT COOOW CEKIHI0 TEIUIOOOMEHHOTO ammapara.
TermmooOMeHHBIN armapaT COCTOUT U3 TPYOOK C OpeOpeHHeM, BHYTPH KOTOPBIX TEUET
Boa. CHapyxxu opeOpeHHass MOBEPXHOCTb TPyO 00ayBaeTcsi TOpSIUUM BO3TYXOM,
TEIIO KOTOPOTO Mepenaércsi uepe3 CTalbHyl TpyOy xXoiomHoi Bojae. Pacuérnyro
MOJIEJIb HEOOXOIMMO Pa3/ICINTh Ha 3 OCHOBHBIC YaCTH: ra30BbIA TpakT (gas), TpyoOa
(tube) u BomsHas mosocth (water). J{iast 3Toro B AepeBe MOCTPOCHUS HEOOXOIHUMO
OTKPBITH pazzuen Parts, BEIACTUTH TENO W Ha)XKaB MPaBYIO KJIABUIIY B MOSBUBIIEMCS

OKHe BbIOpaTh Rename (pucyHok 1.4).



Im:l A: Fluid Flow (Fluent) - DesignModeler
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PI/IC}’HOK 1.4 - Hepel/IMeHOBaHI/Ie OCHOBHBIX YacTeH MOACIIN

[Tocne wMmopTra HMCXOMHOW MOJIENIU MO YMOJYAHHIO BCE 3 OCHOBHBIC YaCTH
SBISIFOTCS TBEPABIMU Tenamu. Jlimst ra3oBoro (gas) um BoastHoro (water) TpakToB
HE0O0X0AMMO M3MEHUTh THM Tena ¢ TBEpaoro Ha xwuakuid (fluid) (pucynok 1.5). Jlms

Toro 4yToOBI osIBMIIOCH MeHIO Details of Body HeoOxoauMo BEIOpATh TEJIO BO BKJIAIKE

Parts kak Ha TpeabIAyIIeM Iare.
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Pucynok 1.5 — 3menenue tuna Tena

[Tocne sToro MoxkHO 3aKkphITh 3Kkpan Design Modeler.



1.2 IlocTpoeHUEe KOHEYHO-3JIEMEHTHOM CETKH
[TocTtpoenne ceTkw naeramu Tpou3BoAMTCS B Moayie Meshing. Mopens

TEIIOOOMEHHHUKA 3arpy3UTCs aBTOMAaTH4ecKku (pucyHok 1.6).

W FYE- L-RODE &S FAQ @ EAAENEE & O

feih X Wl Random Colors @ Annotation Preferences
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Pucynok 1.6 — PaGouee okHo Moaynst Meshing u BHEIIHMIA BUJT 3aTpy>KEHHOM
Te€OMETPUUECKON MOJIENIN CEKIIMU TEIII00OMEHHUKA.
JIJi1 KOPPEKTHOTO pacyéra CEeTKy Yy OpeOpeHHON MOBEPXHOCTH, cCaMOl TPyObI U
BOJISHOTO TpakTa HEoOXOAMMO crenarh Menbye. [l 3Toro B JepeBe MOCTPOCHHUs
HEoOX0MMO BhIOpaTh BkIanky Mesh u Haxath mpaByro KHONKY. B mosiBuBIIEMCS

OKHe HeoOxoauMo BbIOpath Insert — Sizing (Pucynok 1.7).
(% A: Fluid Flow (Fluent) - Meshing [ANSYS Academic Research]
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Pucynok 1.7 — MeHI0 HacTpoiKU pa3mepa ceTku Sizing
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Pasmep snemenTta (Element Size) Ha moBepxHocTu pédep, COMPUKACAIOIINXCS C
ra3oM M Tela caMoit TpyOsl paBeH 0,5MM. Pa3zmep snemenTa a1 BOJASHOMN MOJIOCTH —
I mm.

[Tocne sToro HEOOXOAMMO HaXKaTh MPAaBOW KHOMKOW MbIM HAa Mesh u BEIOpaTh
Update. IlporpamMma HauHeT mporiecCc pa30ueHHs OOBEMOB KOHEUYHO-3JIEMEHTHOM

cetkoi. [locne ero okoHuYaHus MojeNb OyAET BBHITJISAAETH CIEAYIOINIMM 00pa3oM

(Pucynox 1.8):
o = . s ol - e ——e— L0 &) o)

Tools Help || =0f |  GenersteMesh [ B2 (A) @~ PWorshest I | R VY R-L-DRNR@ &- /S QAQA Q@A N 8

7 Show Vetices g3 Wiretame W Edge Colonng v £ A~ A~ A~ fiv A Pl I Thicken Annctations A M Random Colors @ Annotation Preferences

Mesh f Update | @ Mesh v @, Mesh Control v | |,

Outine

Fiter, Neme - B ®

Default (18,0
Default 5,5342¢.005 m)
Default (6,5542¢.003 m)
Default (1,3768¢.002 m)
Defaut (1,20
2e003m

.0 Ne Messages No Selection Metric (m, kg, N5, V, A) Degrees rad/s Celsius

Pucynok 1.8 - BHenHuii BU MOCTPOESHHOW CETKU

Tenepp Hy)XHO 0003HAYUTh MOBEPXHOCTH IS TPAaHUUYHBIX YCIOBUH BXOAa M
BBIXOJa BOJIbI U Ta3a. Takoke IS AajibHEHIIeH HaCTpOUKH Mpoliecca nepeaadn Tera
OT raza K BojJie 4epe3 TpyOy HE0oOXOJUMO OTAEIbHO OOO03HAUYUTh MOBEPXHOCTU
COTIpUKAcaHUs ra3a U opeOpeHoil TpyObl, BHYTpEHHEN MOBEPXHOCTH TPYObI U BOJbI
(Bcero 4 moBepxHOCTH). Il 3TOro HajaO0 BBIACIUTHL HEOOXOAUMYIO MOBEPXHOCTD,
Haxath [IKM u BeiOpath nmyHkT Named Selection. OTkpoeTcsi AuaioroBoe OKHO
(pucynok 1.9). HampaBneHue JBMKEHHS BOJIBI COBIAACT C OChIO X, HAIMPaBJICHUC
JBIDKEHUS Ta3a ¢ ochio Y. Pe3ynbTaT HacTpoiiku BRIOOpA TOBEPXHOCTEHN MpeIcTaBIeH

Ha pucyHke 1.10. B nepeBe noctpoeHust yka3aHbl BCE IOBEPXHOCTH.



(®  Apply selected geometry
O Apply geometry items of same;

Apply To Corresponding Mesh Modes

Ok I Cancel |

9 0:Cop i - R Rcademc Re
Fle 6% View Units Tooks Help || = | 3 GenersteMesh I 2 [A)

B —— |

- = m—
! ks Toch: Hoe || o4 s e g W ([TYR-L-AARE S S-QAQQAQAE NG E SO
5 Show Vertices @@Wireframe  [[JEdge Coloring » £+ A~ A~ Av Av A Pl FThicken Annctstions TgShowMesh & Bl Random Colers (@ Annctation Preferences

e
Program Controlled infiation | Exclude

Type Manual

Total Selection
Suppressed o
Used by Mesh Worksheet | No

750 5250

i o= == &

Pucynoxk 1.10 — BHenrHuit BuI 0OKHA BRIOOpAa MMEHH MTOBEPXHOCTH

[Tocne aToro monyne Meshing MOKHO 3aKpbITh.
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Inasa 2. METOJUKA PACYETA CEKIIMU TEILJIOOEMEHHOI'O
AIIITAPATA C UCITIOJIB30BAHUEM ANSYS FLUENT

2.1 3anyck nporpammsbl ANSYS Fluent u ee oco6ennocTu
JlanpHEUIIMMU JEUCTBUSMHU C PACUYETHOW MOJENIBIO, KOTOPbIE IMPOU3BOIATCS B
nporpamme ANSYS Fluent, sBisitoTcst 3ajjaHue TpaHUYHBIX YCJIOBHM, HAacTpoiika

rapamMeTpoOB pelIaTelis, BHITOJIHEHHE PACYETOB U 00padOTKa pe3yJIbTaTOB.
YroOwr 3amycTuTh Tporpammy, HYykHO B cpene ANSYS Workbench 3aiitu B

Moyib Setup. OTkpoertcs auanoroBoe okHo 3amycka ANSY'S Fluent (Pucynoxk 2.1).

m@ﬁ

E Fluent Launcher (Setting Edit Cnly)

ANSYS

Dimengion
20

ab

Fluent Launcher

Optionsg
Double Precizion
Mezhing Mode
|Jze Job Scheduler

gl Ui |z Remote Linug Hodes

| Display Mesh After Reading

| Embed Graphics wWindows
| workbench Color Scheme
Do ot showe thiz panel again

Processing Options
Serial

@ Parallel [Local Machine]

Murnber of Processes
s

[ Show More Dptions

[

| |

Cancel

Help

e

Pucynok 2.1 — Mento 3amycka nporpammbl ANSY'S Fluent (Fluent Launcher)
B paccmaTtpuBaeMom cirydae 3ajaya siisieTcst TpexmepHoit. [lociie Bei6opa Hy)HO
HaxaTh KHONIKy OK. B pe3ynbrare Ha 3KpaHe KOMIbIOTEpa NOSBIISIETCS pabouee OKHO

nporpammbl ANSY'S Fluent (pucynok 2.2).
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EY AUENT 34, poiany a5
[Fde Mesh Define Solve Adapt Surface Display Report Parallel View Help

[ d-ue G Qs & /. 8-0-
e T —
Problem Setup General | Wiindow 1 vl
= IC ANSYS
Materais
Solver
Type Veloaty Formuiaton
S Pemretons @ Mok Ipadmueckue okHa
Solution Oermty S8aged Relative
Time
@ Steady
Ursts.,.
Resuts
Graphics and Anmations
Plots.
Reports
Z -~
OKHO coobueHnin

NaBHOE MeH

Welcome to ANSYS FLUENT 12.1.2/
Copyright 2809 ANSYS Inc.

All Rights Reserved. Unauthorized use, distribution or duplication
is prohibited. ANSYS and FLUENT are trademarks or registered trademarks
of ANSYS, Inc. or its subsidiaries in the United States or other countries.

Loading "C:\PROGRA™I\ANSYSI™1\U121\Fluent\Fluent12.1.2\1ib\F1_s1119.dmp"
Done.

Pucynox 2.2 — Pabouee okno nporpammbel ANSY'S Fluent

OKHO TTPOTpPaMMBbI IOCTATOYHO MPOCTOE U COCTOUT U3 TPEX OCHOBHBIX YaCTEH:

- TJIAaBHOTO MEHIO, Yepe3 KOTOPOE OCYIIECTBIISIETCS JOCTYI KO BCEM KOMaHJIaM U
MEHIO MPOTPaAMMBI;

- OKHa COOOIIECHW, TA¢ HAXOAUTCS KOMaHIHAs CTPOKa W OTOOpakaroTCs
pe3yibTaThl BHITIOJIHEHHS] KOMaHI,

- rpadUYeCKUX OKOH, B KOTOPBIX OTOOpa)kalOTCs pe3yJbTaThl pacdyeTa u
IIOCTPOEHHUM.

3aepyska gatina cemxu

Tak kak 3amyck ANSYS Fluent ocymectBisiercs W3 MNPOrpaMMHON CpeJbl

Workbench, To npukperieHHas ceTka 3arpy3uTcsi aBTOMaTHYECKH.
IIposepra koneuno-31eMeHmMHOU CemKU Ha Haiuvue ouubox
[TpoBepka pacyeTHON CETKM Ha HAJMYHME OIMMOOK OCYIIECTBIISICTCS C TIOMOIIIBIO

KOMAaH/bI:

12



I'M: Mesh — Check

[Tocne ee 3amycka mporpaMMa HayHET MPOBEPATh KOHEUYHO-AIEMEHTHYIO CETKY
(pucyHok 2.3), a B OKHE COOONICHUI MOABSTCSA TMOJIHbIE CBEACHHUS O KOHEYHO-
aneMeHTHoM cetrke. Ecmm Oyaer HaligeHa ommOka, TO OyaeT BBIAAHO
COOTBETCTBYIOIIIEE cooOIIeHne. B 3TOM ciyyae He0OXOAMMO BEpHYTHCS B IPOrpamMmy

Meshing, HaliTu OIIMOKY U UCIIPABUTH €€.

D:Copy of Fuid Flow (Fluent) Paralel Fluent@TT-102-13-PC

File Meh Decfne Sobe Adspt Sufce Displey Repot Paralll View Help

A G- wo AR, & M0

vera General

n; - [_scoe... [ check ][ReportQuaity
Mocels [_papby...

Solver
Tyve veloaty Formuation
@ PressureBased  © Absolte

Mesh Interfaces DensityBased Relatve

Tme
soivton ® Steady
Solution Methods Transient

Manitors ) Gravity. units...
Soluton Intslzaton | Gravitational Acceleraton Pt

X (o052 [o

o

Dec 17,2017
ANSYS Fluent 145 (34, dp. pbns, ske)

annat create surface from sliding interface zone

ty surf.
©: zone-surface: cannot create surface From sliding interface zone.

Setting Post Processing and Surfaces information ...  Done.

+00, nax (n) = 1.000000e-01
-82, max (m) = 3.008000e-02
-02, max (m) = 3.700000e-02

.
F statistics:
nininun Face area (n2): 8.177619e-89
maximun Face area (m2): 1.964082¢-65
Checking mesh..
Done..

Pucynox 2.3 — Otob6paxkenune Cetku (Mesh Display)

Macwmabuposarue KoHeuHO-1eMEHMHOU CemKU

I'eomerpuueckue pasmepsl B ANSYS Fluent 06s13aTennbHO JOKHBI OBITh YKa3aHBI
B METpax, MO3TOMY B CJydyae CO3/IaHHUsS MOJIETM B MHIIJTUMETpPax HEOOXOIUMO
npou3BecTH e€ MaciTadupoBanre. B Hamem ciyyae JaHHBIN IIar He HyKeH, TaK KakK
npu nepeHoce reomerpuuyeckoit mozmenu B ANSYS  Design  Modeler
MaclTabMpoBaHUE MPOBOJIUTCS ABTOMATUYECKH.

IIpocmomp Koneuno-21eMeHmuou cemku

[TpocMOTpeTh KOHEYHO-3JIEMEHTHYIO CETKY 3arpy>KeHHOM MOJEIH MOXKHO C
MOMOILbIO KOMaH/IbI:

I'M: Display— Mesh

B nosiBuBmemcst Mento Mesh Display (pucynok 2.14) B okne Surfaces Tpebyercs

BBIOpAaTh BCE IMOBEPXHOCTH, 00pa3ylollHe CEeTOuHyr Mojenb. Ciemyer oOpaTuth
13
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BHMMaHHE Ha TO, YTO KMMEHA B CIIHCKE COBMAJAlOT C HMMEHAMHU MOBEPXHOCTEM,
3amaHHbIX B Meshing. J{ns mpocMoTpa BBIOPaHHBIX 3JIEMEHTOB CETKH HY>KHO HaXKaTb

kHorky Display.

Options Edge Type curfaces
Modes i@ all gas_wall
Edges (") Feature ?”EHECE_E?;;t:_mbE
= @ Outii interface_tube_to_gas
EPECE: — interface_tube_to_water
arttans interface water to _tube
. interior-24
Shrink Factor  Feature Angle interior-0 .
|n | 0 interior-gas |

Surface Types @ E]
o e
exhaust-fan -
fan &
[ Display ] [Cnlurs...] [ Close ] [ Help ]

4

Pucynok 2.4 — Oro6paxenne cetku (Mesh Display)
B pe3ynbTraTe BINONIHEHUS KOMaH/bl MOSBUTCA Ipa)uyecKkoe OKHO, B KOTOPOM OyzieT
n300pa’keHa pacueTHas CeTKa UM BHIOPAHHBIE 3JIEMEHTHI MOJIEIH.
Ecnu B okHe Surfaces cHATh Bblienenue ¢ nyHkra default — interior, To B OKHe

MOXHO 6YI[GT YBUACTH TOJBKO KOHTYP MOJCIIN, oe3 paC‘ICTHOﬁ CCTKH.

2.2 Hactpoiika mapaMeTpoB pacuera

3aoanue onyuii pewamerns

B kauectBe mepBOro JEWCTBUS NMPU ONUCAHUM PACYETHOW MOJETU CIEAYET
BBIOpATh pelIaTelib, ¢ MOMOIIBI0 KOTOPOTO Oy/eT MPOBOIUTHCS PEICHUE, a TaKKe
OTPENENNTh CTAIIMOHAPHOCTh WJIM HECTAllMOHAPHOCTh 3a/Jadyd. ITOT BBIOOP
OCYILIECTBIISIETCS B MEHIO Solver:

['M: Define

B wmento Solver (pucyHok 2.5) HyXHO 0oOpaTUTh BHUMAHHME Ha CIICIYIOIINE
MoMeHThI. [Iporpamma ANSYS Fluent mo3BosiseT uCHIoOab30BaTh JIBa aJlrOpUTMa

pemenwuii: Pressure Based (anroputmom ycranosnenus) uinu Density Based (anroputm
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pacmieruienust). [lepBbiii U3 HUX W3HAYAIBHO pa3padaThIBAIICS JJIST HU3KOCKOPOCTHBIX
MMOTOKOB, HO BIOCIJICJICTBUU ObUT MOAW(MDUIIMPOBAH U PACIPOCTPAHEH W HA JPYTHC
TeYCHHsI. AITOPUTM YCTAHOBJICHHUS CO3/1aBaJiCsl JUISI PacyeTOB BBICOKOCKOPOCTHBIX
TpaHC- M CBEPX3BYKOBBIX IIOTOKOB. Jljis pemieHust paccMaTpuBacMOW 3ajaqd
1esaecoodpas3Ho BeIOpaTh Pressure Based.

g A:Fluid Flow (Fluent) Parallel Fluent@TT-102-1-PC [3d, pbns, lam] [ANSYS C

File Mesh Define Solve Adapt Surface Display BReport  Parallel

Srd-me| (G aa A e nE-O-

Meshing General
Mesh Generation Mesh
Solution Setup I — J l —= I IR —= J
rep— cale... e eport Quality
Models
Materials
Phases Solver
Cell Zone Candiﬁpns Type Velocty Formulation
Boundary Conditions @ Pressure-Based @ Absolute
Mesh Interfaces ") Density-Based ) Relative
Dynamic Mesh
Reference Values
. Time
Solution @ Steady
Solution Methods ) Transient

Solution Controls

Manitors Gravity

Solution Initialization Gravitational Acceleration
Calculation Activities

X {m/fs2
Fun Calculation (m/s2) o @
Results ¥ (I'I'I.l"SE:l 581
Graphics and Animations @
Plots Z (m/s2)
Reports 0 @

Pucynok 2.5 — Mento HacTporiku perarens (Solver)

B mone Time BbiOupaetcs, OyneT Ju peuieHHe cranuoHapHbIM Steady win
HecTanmoHapHbiM Transient. To ecTh, OyayT JM MmapaMeTpbl MOTOKA 3aBUCETh OT
BpEMEHH Wi HeT. PaccmarpuBaemas 3aj1ada sIBJISIETCS TPEXMEPHOU CTAMOHAPHOM.
Kpome Toro, B maHHOl 3amade HEOOXOAUMO YYHUTHIBATH CUIY TsDKECTH. J[ms aTOorO
HY>KHO BBIJIETTUTH MyHKT Gravity U yka3aTh 3HaYEHUE YCKOPEHHS CBOOOIHOTO MaICHUS

paBHbEIM -9,81 Mm/c2,

15



Buvibop mooenu mypoyrenmnocmu

[ToTox  KHOKOCTH  XapakKTepu3yeTcs  HaaudueM  TypOyJleHTHOCTH — —
0ecrnopsiIOUHOTO JIBXKEHUSI BUXPEBBIX Macc. [Ipu 3TOM Ha OCHOBHOE HampaBlieHUE
CKOPOCTH HaKJIaJbIBAIOTCA TOMEPEYHbIE COCTABIAIONINE, BBI3BIBAIOIIUE CUJIBHOE
nepeMenMBanue Kuakoctu/raza. [lpm  uccnepoBaHuM  TeUYEHHs] B KaHaje
TEIUIOTEHEPaTOpa 1eJIECO00pa3HO UCIIONIBb30BaTh MOJICIL TypOyeHTHoCcTH K-epsilon,
MTOCKOJIPKY OHA TIO3BOJISIET MTOJTYYaTh PEIICHUS C MPUEMIIEMO TOYHOCTBIO, U JJISI STOU
MOJICJIA OHA XOPOIIIO CXOAUTCS (PUCYHOK 2.6).

I'M: Define—Models— Viscous.

Models

Models

Viscous - Standard k-8, Standard Wall Fn
Radiation - Off

Heat Exchanger - Off

Spedies - Off

Dizcrete Phase - Off

Solidification & Melting - Off

Acoustics - Off

Eulerian Wall Film - Off

:

Model Model Constants

() Inviscid Cmu I+
(;) Laminar | 009

() Spalart-allmaras (1 eqn)

(@ k-epsilon (2 eqn) C1-Epsilon

() k-omega (2 egn)

() Transition k-4d-omega (3 egn) | L4 e
() Transition SST (4 egn) ;

1 C2-Epsil
() Reynolds Stress (7 egn) =

“ () Scale-Adaptive Simulation (SAS) | 192
() Detached Eddy Simulation (DES) L
(") Large Eddy Simulation (LES) TKE Prandt Number

1
k-epsilon Model | -
@ Standard User-Defined Functions
(T RNG
= ' Turbulent Viscosity
(") Realizable i
[none v]

Mear-Wall Treatment Prandtl Mumbers

(@) Standard Wall Functions -
TKE Prandt Mumber

(") Scalable Wall Functions

(1 Mon-Equilibrium Wall Functions [r‘lone v]

(") Enhanced Wall Treatment DR Prandt Number |

() User-Defined Wall Functions [none v] :
Options

Full Buoyancy Effects -

Curvature Correction

Lok | [cancel| [ Heb |

Pucynox 2.6 — Hactpoiika mapametpoB TypOysieHTHocTH (Viscous)
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Tooknouenue ypagnenus snepauu

[Ipu pemieHnn NaHHOW 3a1ayu HY)KHO 00S3aTEIbHO yYWTHIBATH TEINIOOOMEH U
tertonepenady. st 3Toro HEoOXOAWMMO TOIKIIOYHTh K PEHICHUIO YpaBHCHHE
SHEPTUHU C TTIOMOIIBI0 KOMaH/IbI:

Define — Models — Energy...

B mosiBuBIIEMCsT OKHE HY)KHO MOCTAaBHUTH Tajouyky B cTpoke Energy Equation u

Haxkats OK (pucyHok 2.7).

r Energy M

Energy

[V]Eneray Equation

[ oK ] [Cancel] [Help ]

. 2

Pucynok 2.7 — MeHnto BkiitoueHus ypaBueHnus suepruu (Energy)
3adanue ceoticms paboue2o mena u cnpago4HO20 0asleHUs
3agaHue CBOWCTB pabouero Teja OCYyHIeCTBIseTCsS B MeHI0 Materials
(pucyHox 2.8), KOTOPO€ BBI3BIBACTCS KOMaHOM:

I'M: Define—~Materials

-
MName _ Material Type QOrder Materials by
|water-llqmd fuid - || @ Name

. I I () Chemical Formula
O ical F
hi:"? ames Fluent Fluid Materials
<l=
| [water-liquid (h2o<l=) v] [ Gt Pnishase ]
[ User-Defined Database. .. ]
1 none
Properties
~
Density (ka/m3) [mnsmnt 'l Edit... —
|998.2
Re ] | constant = )[ Ed...
|D.DD 1003
[ChangefCreahe] [ Delete ] | Close ] [ Help ]
L

Pucynox 2.8 — Mento matepuanos (Materials)
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B paccmaTtpuBaemoii 3amade B KauecTBE pabOyero Teia HCHOJIb3yeTcs Boja M
BO31yX. Bo3myx yctaHoBieH o ymomdanuro. st Toro, 4To0bI J00ABUTH B KA4e€CTBE
pabodero Tena BoAy, B MeHIO Materials HeoOxoaumo Haxkath KHOMKY Fluent Data
Bases, nanee B nosisuBmeMcs crnucke Fluent Fluid Materials Be1OpaTs HeoOX01uMbIit
matepuai (water-liquid) u3 6a3si.

Ocobennocts mporpammbl ANSYS Fluent coctoutr B TOM, YTO JaBlIEHHUE,
MoJlyuaeMoe M 3a/laBaeéMoe B pacueTe, sSBIAeTCA M30bITOYHBIM. TO ecTh A TOro,
YTOOBI MOJYYUTh UCTUHHOE 3HaYEHUE JaBJICHUs, HEOOXOIMMO MTPUOABUTH K HEMY TaK
Ha3bIBAEMOE «CIIpaBOYHOE AaBieHue». [Io ymMomyaHuio B €ro KauecTBE UCIOJIb3YETCA
HopMaibHOe atMochepHoe nasienue — 101325 [Ta. Ecnu B kaduecTBe «CrpaBOYHOTO
naBJIeHUs» NPUHATH 0, TO pe3yIbTaThl pacueTa U UCXOHbIEC JaHHBIC OYIyT 3a71aBaThCs
B a0COJTIOTHBIX 3HAYCHUSX. VI3MEHUTH 3HaUEHWE «CIPABOYHOTO JAABJICHUS» MOXKHO B
MEHIO (pUCYHOK 2.9), KOTOpOE MOSIBUTCA B PE3YJIbTATE BHIMOIHEHUS KOMAH/IbI:

I'M: Define— Operating Conditions
rg Operating Conditions ﬁ

Pressure Gravity
Dperating Pressure (pascal) | Gravity
| i & Gravitational Acceleration
Reference Pressure Location X(mjs2) [ B
X |:IT|:| 0 E Y (I'I'I,l'lﬂl:l a.81 -
p
¥ {m) [ _ Z (mfs2) [
i _
[
Z{m) [ .
[P] Variable-Density Parameters

Spedified Operating Density

| QK | |Cance|| |HE||:I |

Pucynok 2.9 — CnpaBounoe aasnenue (Operating Conditions)
s ympoieHus: o6paboTKH pe3ynbTaToOB B pelIacMol 3ajade IeaecooOpaszHo
MPUHATh «CIPABOYHOE JABJICHUE», PABHOE HYJIO, U BBECTH €ro 3HAYCHHE B IOJIC

Operating pressure.
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2.3 3aiaHne rpaHUYHBIX yCJIOBHIA

MeH10 3a1aHusl TPAaHUYHBIX yCIOBUM (pUCYHOK 2.10) BbI3bIBa€TCS KOMaHI0M:

I'M: Define— Boundary Conditions

B mnone Zone HaxoauTcs CIHUCOK BCEX T'PAHUYHBIX YCJIOBHM, OMPEICICHHBIX B
Meshing. Eciau BeiOpaTh uMst ogHOro U3 HuX, Hanpumep massflow inlet water, To B
okHe Type OyzaeT ykazaH TUI IPaHUYHOTO yClIOBUA. B ciiyyae He0OX0IUMOCTH B 3TOM
OKHE THIl TPAHWYHBIX YCJIOBUNA MOKHO MOMEHATh. YTOOBI MPUCTYNUTH K 3aJaHUIO
IPaHUYHBIX YCIOBUM, HEOOXOAMMO B OKHE Zone BbIOpaThb HYXHOE TPaHUYHOE
yCIIOBUE, YOEIUTHCS, UTO B OKHE Type THUI TpaHUYHOTO YCIOBHS yKa3aH BEPHO, 3aTEM

Haxatp Edit...

g D:Copy of Fluid Flow (Fluent) Paral

File Mesh Define Selve Adapt Surface Display Report Parallel  Vie
- — Lt =]
Erd-=m e G aa s M8~ 0O ~
Meshing Boundary Conditions
Mesh Generation Zone
Solution Setup gas_wall -
General interface_gas_to_tube -
Madels interface_tube_to_gas
o interface_tube_to_water
Materials interface_water_to_tube
Phases interior-gas
Cell Zone Conditions interior-tube
Boundarsy tons] interior-water =
Mesh Interfaces massflow_inlet_gas
Dynamic Mesh rnassﬂuw inlet_water
Reference Values pressure_outlet_gas
pressure_outlet_water
Solution wall-19
Solution Methods :2:2::39} i
Sulu.tn:nn Controls wall-24-shadaw
Manitors wall-25
Solution Initialization wall-26 57
Calculation Activities
Run Calculation Type D
Results mixture ’mass—ﬂow—inlet v] 13
Graphics and Animations
Plots [ Edit... ] [ Copy... ][Prcﬁles... ]
Reports [ Parameters... ] [Dperaﬁng Conditions... ]

Pucynox 2.10 — I'pannunsie ycnosus (Boundary Conditions)

Digplay Mesh... | | Periodic Conditio

[ Highlight Zone

Hazpanue u tun T'paHHUYHOI'0O YCJIOBH:A IPEACTABIICHEI B Ta6J'II/IIIC 1.
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Tabnuna 1. — I'pannunble ycnoBus

No | Ha3BaHue rpaHU4HOTO yCJIOBUSA Tun rparnyaHoro yciosus (Type)
1 massflow_inlet _gas pressure-inlet

2 massflow _inlet_water mass-flow-inlet

3 pressure_outlet_gas pressure- outlet

4 pressure_outlet water pressure- outlet

5 interface_gas_to_tube interface

6 interface_tube to gas interface

7 interface_tube to_ water interface

8 interface_water_to_tube interface

[Tocie 3TOro BBIMOIHSIIOTCS CICAYIONINE ACHCTBUS:

YcTraHaBIuBaKOTCS IMapaMCTpPhbl

JIIA BXOAHOI'O I'pPaHUYIHOTI'O YCJI10BHA

massflow_inlet_gas, B coorBercTBHU ¢ prcyHKOM 2.11:

Zone Name

| massflow_inlet_gas

Momentum lThermaI] Radiah’on] Species] DPM ] Mulh’phase] uDs ]

Reference Frame [Absolute ,]
Gauge Total Pressure (pascal) | 102000 [consmnt - ]
Supersonic/Initial Gauge Pressure (pascal) | 101325 ’mnsmnt ,]
Direction Spedification Method [Normal to Boundary ,]
Turbulence

spedfication Method | jntensity and viscosity Ratio ~|

Turbulent Intensity (%) [5 @

Turbulent Viscosity Ratio | 10 0

[ OK. ] [Cancel] [Help ]

Pucynok 2.11 — HacTpoiika rpaHU4YHBIX YCIOBUH sl BXOJHOTO CEUCHUS

ra3oBoro tpakta (massflow_inlet_gas)

TemnepaTypa rasa 3anaércs B Bkaaake Thermal u cocrasmser 587°K (pucynok

2.12).
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| |

Zone Name 1

‘ massflow_inlet_gas

Momentum Thermal |Radiatior|| Speciesl CPM I Multiphasel ups I

Total Temperature (k) | 537 [consbnt v]

Lok | [cancel| [ e |

Pucynok 2.12 — Hactpoiika TemnepaTtypsl ra3a Ha BXOJE
[MapameTpbl UIs  BBIXOJHOTO TpaHMYHOTO YCIIOBHs  pressure_outlet gas

YCTaHaBJIMBAIOTCS B COOTBETCTBUM C PUCYHKOM 2.13.

Zone Mame

| pressure_outlet_gas

Momentum |Therma|| F‘.adiaﬁunl Speciesl DFM I Mulﬁphasel uDs I

Gauge Pressure (pascal) | 101325 [::onsmnt v]

Backflow Direction Spedification Method [Normal to Boundary ,]

[ radial Equilibrium Pressure Distribution
|:| Average Pressure Spedification
[] Target Mass Flow Rate

Turbulence
Speciﬁmtiun Method Intensity and Viscosity Ratio v]
Backflow Turbulent Intensity (%) [ 5 E]
Backflow Turbulent Viscosity Ratio [ 5 E]

Lok | |cancel| [ rep |

- o

Pucynok 2.13 — HacTpoiika rpaHU4HBIX YCIOBUH 711 BBIXOIHOTO CEUEHUS

ra3oBoro Tpakta (pressure_outlet_gas)
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[Tapamerpbl jansi BXoaHOro rpaHuyHoro yciosust —massflow_inlet water

YCTaHaBJIMBAIOTCS B COOTBETCTBUM C PUCYHKOM 2.14.

Zone Mame
| massflow_inlet_water

Momenturm |Therma|| F‘.adiah'onl Sper.:iesl DFM | Mulh'phasel uDs I

Reference Frame [.ﬁ.bsnlute vl
Mass Flow Spedification Method [Mass Flow Rate "l
Mass Flow Rate (ka/s) | 1 [mns‘ﬁnt "] I
Supersonic/Initial Gauge Pressure (pascal) | 911925 [mns»ﬁnt v]
Direction Specification Method [Direcﬁon Vector vl
Coordinate System [Cartesian o, Y, 2) vl
¥-Component of Flow Direction | 1 [mns‘ﬁnt "]
¥-Component of Flow Direction | 0 [mns‘ﬁnt "]
Z-Component of Flow Direction | 0 [mnsbnt ']
Turbulence
Specification Method [Intensitr and Viscosity Ratio ']
Turbulent Intensity (%) | 5 @
Turbulent Viscosity Ratio | 10

[ oK ] [Cancel] [Help ]

Pucynox 2.14 — Hactpoiika rpaHUiYHBIX YCIOBUM ISl BXOJHOTO CEUEHUS
BojsiHoro Tpakta (massflow _inlet_water)

Temneparypa rasa 3agaérca B Bknaake Thermal u cocrasmser 293°K.

[Tapamerpbl Jaas BXOJHOTO TPaHUYHOTO ycJoBUs — pressure_outlet water

YCTAHABJIUBAIOTCS B COOTBETCTBUU C PUCYHKOM 2.15.
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Zane Mame

| pressure_outlet_water

Momentum |Therma|| Radiationl Speciesl DPM I Multiphasel ups I

Gauge Pressure (pascal) ‘ 511975 ’consmnt v]

Backflow Direction Specification Method [Nnrmal to Boundary ,]

[ radial Equilibrium Pressure Distribution
|:| Average Pressure Specification
[~] Target Mass Flow Rate

Turbulence
Specification Method [ 1 tensity and Viscosity Ratio ~|
Badkflow Turbulent Intensity (%) ‘ 5 [E]
Badkflow Turbulent Viscosity Ratio ‘ 10 [E]

[ kK ] [Canoel] [Help ]

Pucynox 2.15 — Hactpoiika rpaHMYHBIX YCIOBHM JIJIs1 BBIXOJTHOTO CEUCHUS
BOJSTHOTO TpakTa (pressure_outlet water)
Hacrpoiika 30H TpOHUIIAEMOCTH MEXIY OTAEIbHBIMU O0JIACTIMU CETKH
ANSYS Bepcuu 14.5 npon3BOIUT aBTOMATUYECKOE CO3/IJAaHUE 30H MPOHUIIAEMOCTH,
nocJjie 4ero oHu oToopakarorcsi B okHe Mesh Interfaces (pucynok 2.16):

Meshing Mesh Interfaces

Mesh Generation Mesh Interfaces E]

Solution Setup gastotube
General tubetowater
Models
Materials
Phases
Cell Zone Conditions
Boundary Conditions
Dynamic Mesh
Reference Values

Solution
Solution Methods
Solution Cantrols
Monitors
Solution Initialization
Calculation Activities
Run Caloulation Create/Edit...
Results
Graphics and Animations
Flots
Reports

[Preview Mesh Motion... ]

Pucynok 2.16 — OtoOpakeHre cO3/1aHHbIX TOBEPXHOCTEH
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B ciiyuae paboThl B Oosiee paHHEH Bepcur 3TH 30HBI HEOOX0IMMO co3/1aTh. Beero
co3maeTcs 2 30HBI MPOHUITAEMOCTH: OT MaTpPyOKa BBIXOJA K YJIUTKE U OT YJIUTKHA K
TpyOe.

Jlist aToro Hy)kHO B okHe Mesh Interfaces naxxatr Create/Edit. JIns co3manus
30HBI IpoHHUIIaeMocTH (pucyHoK 2.17) B rpade Mesh interface HeoOXoaUMO yKa3aTh
gastotube, B xauectBe Interface Zone 1 BeIOpaTh interface gas to tube, B kauecTBe
Interface Zone 1 - interface tube to  gas, mocie dero HaxaTh OK. AHamoruyHo
co3maercs tubetowater, B xauectBe Interface Zone 1 - interface tube to water, B

kauectBe Interface Zone 2 - interface  water_to_tube.

Mesh Interface

Interface Zone 1
|inberfacegas_ho_mbe

Interface Zone 2
| interface_tube_to_gas

= 28 28
interface_gas_to_tube
interface_tube_to_gas interface_tube to g

| gastotube

ga
tubetowater

interface_tube_to_water
interface_water_to_tube

interface_tube_to_water
interface_water_to_tube

Interface Options

|| Periodic Boundary Candition

[ Periodic Repeats
[ Coupled wal
[ Matching

Boundary Zone 1

Interface Wall Zone 1

| wall-19

Boundary Zone 2

| wall-3

Interface Wall Zone 2

| wall-20

| wall-9-shadow

Interface Interior Zone

(@) Translational
Rotational

Auto Compute Offset

[Create] [Delebe] [Draw] [ List ] [Close] [ Help ]

Pucynok 2.17 — HacTtpolika co3naBaeMbIX 30H IPOHALIAEMOCTH
Hacmpoiika npoyecca pewenus 3a0aqu

Yemanosxka napamempos pacuema

I[OCTyH K MCHIO YCTAHOBKH IIapaMCTPOB pacydCTa OCYIICCTBIIACTCA C IMOMOIIbBIO

KOMAaH/IbI;
I'M: Solve— Methods

B pesynbrate Ha sKpaHe mosBuUTCcs MeHio Solution Methods (pucyrok 2.18).
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b -

A:Fluid Flow (Fluent) Parallel Fluent@TT-102-1-PC [3d, pbns, mixture, ske] [AN

File Mesh Define 5Soclve Adapt Surface Display Report  Parallel  Vie

BE-d-me[Frraa s e@im-o-

Meshing
Mesh Generation
Solution Setup

General

Models

Materials

Phases

Cell Zone Conditions
Boundary Conditions
Mesh Interfaces
Dynamic Mesh
Reference Values

Solution

Solution Controls
Maonitors

Solution Initialization
Calculation Activities
Run Calculation

Solution Methods

Pressure-Velocity Coupling

Scheme

|SIMPLE

Spatial Discretization

Gradient

[Least Squares Cell Based

Pressure

[Smndard

Momentum

[First Order Upwind

Volume Fraction

[First Order Upwind

Turbulent Kinetic Energy

[First COrder Upwind

m

Results
Glral:ll-licS and Animations Mon-Tterative Time Advancement
Flots Frozen Flux Formulation
Reports Pseudo Transient

[ High Crder Term Relaxation

Pucynok 2.18 — Hactpoiika mapameTrpoB pacueta (Solution Methods)
JlaHHOE MEHIO COCTOUT U3 TPEX OCHOBHBIX I'PYIIIT HACTPAUBAEMbIX IaPaMETPOB:
Spatial Discretization;

Pressure-Velocity Coupling;
Transient Formulation.
B 3ome Spatial Discretization onpenenstoTcss CXeMbl  AUCKPETHU3ALUU
COOTBCTCTBYIOIIHNX ypaBHeHHﬁ, TO CCTb OIIMCBIBACTCA aJIIrOpUTM IIOCTPOCHHA
JTUCKPETHOTO aHaiora auddepeHIuaibHOr0 YPaBHEHHS B y3J1€ KOHEYHO-2JIEMEHTHOM
CETKH.

Jlist monmy4YeHuss TOYHBIX pelieHud HEeoOXOIUMO HCIOJIb30BaTh JAUCKPETH3AIINIO
BTOPOTO M BBIIIC ITOPAAKOB TOUHOCTH. O)lHaKO Ha ICPBLIX UTCPAIUAX TAKOC PCIICHHC

HEYCTOUYUBO.
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[ToaToMy mepBble HECKOJIBKO JIECATKOB UTEPALMA CIEAYET MPOBOAUTH HA MEPBOM
nopsiake auckperusanuu (First Order), 3aTeM ero moBbIIATS.

B 3o0ne Pressure-Velocity Coupling BbiOMpaeTcss aaroputm penieHus CBA3KU
YpaBHEHUS ABW)KCHHUS W HEPA3PBIBHOCTU JIJISI KOPPEKTHOTO OMpEACNICHUs MOjei
JaBJICHUS U CKOpOCTH. JJig pellieHus 3ajad TEUYEeHHUs] B MEKIIONATOUYHBIX KaHajax
nejaecoodbpasHo BeiOMparh anroput™ Coupled (OoH cXoleH C  aIrOPUTMOM
paclIeIICHuUs ).

VYcraHoBKa HaYaJIbHBIX 3HAUYEHU MTApaMETPOB pacueTa (MHUIMAIA3AIMs [poliecca
pacuerta).

[Tpu pemienuu 3a1a4 ra30Boil TMHAMUKY YUCICHHBIMU METOJAMH TIEPe]l 3aITyCKOM
pelieHus] HeOOXOAMMO YCTAaHOBUTHh HAaYaJIbHbIC 3HAYCHHS MapaMETPOB B PacUETHOU
o0nmacTu. MeHI0 yCTaHOBKM HayalbHBIX YyclOBUU (puCyHOK 2.19) BbI3bIBaeTCA
KOMAaH/JIOH:

I'M: Solve— Solution Initialization

File Mesh Define 5Solve Adapt Surface Display Report Parallel E

S-d-E@e[Fraar/@ainE-0-

Meshing Solution Initialization
Mesh Generation Initialization Methods
Solution Setup () Hybrid Initizlization
General @) Standard Initialization
Models
Materials Compute from
Phases all-zones -

Cell Zone Conditions

Reference Frame
Boundary Conditions

Mesh Interfaces @ Relative to Cell Zone
Dynamic Mesh (") Absolute
Reference Values N
Initial Values
Solution N
Solution Methods Gauge Pressure (pascal)
Solution Controls | 101325.2
Manitors
X Velocity (m/s)
Calculation Activities | 0
Run Calculation
Results ¥ Velocity {mjs) E
Graphics and Animations | 0
:E;irts Z Velodty (m/s)

| 0
Turbulent Kinetic Energy (m2/s2)
| 0.3750003

Turbulent Dissipation Rate (m2/s3)
| 33.92994

[Initialize][ Reset ][Patch...]

Reset DPM Sources | | Reset Statistics

Pucynok 2.19 — Maunmanuzarus mpoiecca pacyeta (Solution Initialization)
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B none nannoro merro Compute From HE00X01uMO BRIOPATh BXOJHYIO TPAHUILY.
B pesynbpTaTe pexoMeHyeMble 3HaUYSHUS HaYaIbHBIX MTapaMeTPOB Oy IyT pacCUnUTaHBI
10 BXOJHBIM IPaHUYHBIM YCIOBHSIM. J[JIs MX MPUHATHSA ClieayeT HaxaTh Initialize.

Hacrpoiika oToOpakeHus mporecca penieHusl.

J11s TOTO, 4TOOBI 0TOOpaKaTh HEBS3KHU B MPOIIECCE pacueTa, a TAkKe 3a/1aTh
KPUTEPUI OCTAaHOBKH PEeIICHHUS, He0OX0 MO BbI3BaTh MeHIO Residual Monitors
(pucynok 2.20) ¢ momMomp0 KOMaH/IbI:

I'M: Solve —» Monitors— Residual Monitors

-
Y Residual Monitors

o]

Options Equations
7| Print to Console Residual Monitor Check Convergence Absolute Criteria  »
[¥] Plot continuity ] @] 0.001
Window =) x-velodty V] @] 0.001 1
: @ [Curves...“ Axes... I
y-velodity (@] [@] 0.001
Iterations to Plot oy
1000 % z-velodity Fi @] 0.001
Residual Values Convergence Criterion
Iterations to Store [~ Normalize ’absolube

1000 (o] o
= S

[V] Scale

I

OK I I Plot l ‘Renormalize] I Cancel I ‘ Help

>

Pucynok 2.20 — Hactpotiika oroOpaskenus mnporecca pemenus (Residual
Monitors)

B none Option HEOOXOAMMO MOCTABUTH TaJIOUKH HANPOoTUB ciioB Plot u Print. DT0
MPUBEJET K TOMY, YTO HEBA3KH 1O BCEM ypaBHEHUSM OyAyT MedaTtaTtbCsli B OKHE
coobuienus Print u otoOpaxarscst B BUjie rpadukoB B rpaduueckom okue Plot.

B monsx Residual apyr Ham apyrom mepeuyucieHbl Bce peniaeMble YpaBHEHUS, a
HAIPOTUB KAXIOTO M3 HUX YCTAaHOBIICHBI MpEleibHbIC HEBSI3KH. 3aadya CUYUTACTCS
PEIICHHOW, KOT/Ja HEBS3KHM 1O BCEM YPaBHEHHUSM OKaXKYTCS MEHBINE 3aJaHHBIX
3HaueHuil. B 3ToM ciyyae mpouecc BeIYMCIEHUS Oy1eT aBTOMAaTUYECKH OCTaHOBJICH.

C‘II/ITaCTCH, 4YTO AJIA MOJYUYCHHUA TOYHOI'O pCIICHMA JOCTATOYHO JOCTHXXKCHHS HCBA30K



10-3 mo Bcem ypaBHeHUsM. JIJisi COXpaHEHUS PACYCTHOW MOJENH M BCEX CIEITaHHBIX
HACTPOCK pemaTessi HEOOX0IUMO BbI3BaTh KOMAHTY:

I'M: File— Save Project.

3anyckaem pacueT mis 1000 wrepanuid ¢ MOMOILIBIO CIEAYIOUIUX JCHCTBUI
(pucynok 2.21):

I'M: Solve — Run Calculation

g A:Fluid Flow {Fluent) Parallel Fluent@TT-102-1-PC [3d, pbns, mixture, ske] [

Eile Mesh Define 5clve Adapt Surface Display Report  Parallel )

BEr-d-@e|([Geaq A @ LnE-O-

Mesh Interfaces
Dynamic Mesh
Reference Values

Solution [ Calculate
Solution Methods
Solution Controls
Monitors
Hel
Solution Initialization
Calculation Activities
Run Calculation
Results

Meshing Run Calculation

Mesh G ratio

= EnEranen [ Check Case... ] [Preview Mesh Motion... ]

Solution Setup

General Mumber of Iterations Reparting Interval

Models | 1000] [« | 1 ()

Materials =] =]

Phases Profile Update Interval

Cell Zone Conditions 1 =]

Boundary Conditions | =]

[ Data File Quantities..

Graphics and Animations
Flots
Reports

Pucynox 2.21 — 3anyck npornecca pacuera (Run Calculation)
Ecnu ycnoBue cxogumoctu 6y1eT JOCTUTHYTO, TO MPOIIECC cYeTa OCTAHOBUTCS caM
Y MOSABUTHCS HaAMUCH solution is converged. Eciu 3amanHoro yucna urepanuii Oyaet
HEJIOCTATOYHO IS IOJYyYEHUS PELICHHUs], TO MPOLECC PEIIEHUS MOKHO ITPOJIOIIKUTE.
Pemienne MokeT He COUTUCH B 3TOM JUalia3oHe urepaunii. Toraa cienyer yBeau4uTh
ux koiaudectBo A0 10000. [l Gosee ObICTPOI CXOOAUMOCTH MOXHO YMEHBIIUTH MO/

penakcanmonubie paktopsl 10 0.1.
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2.4 O0padoTKa pe3yJbTATOB pacyera

Ha nannom srtame cneayeT OToOpa3uTh KOHTYpPHI CTaTHYECKOTO IaBJICHHUSA B
uccieayeMbix Mectax. g mpocmoTpa ToJied  pachpenelieHust apameTpoB
HEO00XO0JIMMO 3aIyCTUTh KOMaHy:

I'M: Display — Contours

B pesynbrare ee BeinosiHeHus nosiButrcs MeHto Contours (pucyHok 2.22). UtoOsl
pacrpeziesieHue mapaMeTpoB O0TOOpakajaoch B BUJAE MOJICH, HEOOXOIMMO B OKOIIKE
Filled mocraBuTh ramouky. B nmpoTuBHOM ciiydae pacripesieiieHus napaMeTpoB OyayT
n300pakatbcsi B BHJE H30JduMHUK. [lapameTp, HM3MeHEHHE KOTOpOro Tpedyercs
oTo0pa3uth, BeiOUpaerca B nosie Contours of. OHO COCTOUT U3 IBYX HUCIHAJAIOIINX
cuckoB. B BepxHem BbIOMpaeTcsi Trpymnma, K KOTOPOW NPUHAIJICKHUT HYKHBINA
napaMmeTp (Hampumep, naBieHHe). B HIDKHEM crmHcKe YTOYHSETCs, KaKOW HWMEHHO
napaMmeTp rpyIIbl TpeOyeTcs ONpeneanuTsb (HalpuMep, CTaTUYECKOE JaBICHHUE). JTO
TUTOBAs U YacCTO MCIOJIb3yeMas Mpoleaypa BbIOOpa oToOpakaeMoro rnapameTpa B
nporpamme ANSYS Fluent. AnanornusnbiM 00pa3om, ompenensercs napameTp npu
OTIpEeICNICHUN CpPEJHEHHTErpalbHbIX 3HaueHuil. B  monme Surfaces 3anmarorcs
MOBEPXHOCTH, Ha KOTOPBIX CTPOSATCS TOJS paclpeneneHuil mapameTpoB. B ciydae
€CIM HY)XHO OTOOpa3uTh MapaMeTphl MO BCEW pacueTHOM o0yiacT, BhIOMpaeTcs
MOBEPXHOCTH interior-solid.

]
A A A 1: Mesh
Meshing Graphics and Animations = b
Solution Setup Mesh ——S—S—S..-G,

General Options Contours of

:::::isals Pathlings ;illn;d . [Temperature... v]
Partide Tracks ode Values -
Phases Global Range ’Stahc Temperature - ]
Cell Zone Conditions Auto Range
Boundary Conditions Clip to Range | 0 o
Mesh Interfaces setUp... [ oraw Profiles
Dynamic Mesh [ oraw Mesh Surfaces EE
Reference Values aas_wall
. Animations - -
Solution : interface_gas_to_tube |

. 2D Levels Setyl i —
Solution Methods Scene Animation = B =] !ntEI'ff:CE_U.IEE_bJJE:ﬁS

. . P 20 1 interface_tube_to_water
Solution Controls Solution Animation Playback = =) |interface_water_to_tube

Monitars
Solution Initialization

interior-24

Caleulation Activities Surface Name Pattern Mew Surface »
lculat
RERSETECacuahon | Surface Types @ E]
et Up... -
fGraphics and Animations] g?gsﬁurf A|
Plots exhaust-fan B
Reports [ Options... ][ Scene... ][ Views... ] fan T4
[ Lights... ][Colormap... ][Annomte... ]
[ Display ] [Compuhe] [ Close ] [ Help ]
TESTT

Pucynok 2.22 — OtoOpaxenue meHio Contours
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Jlis monpoOGHOTO HCClenoBaHMs, B KaKOM-TO KOHKPETHOM CEUEHUH MOJEIH,
MO>KHO CO3/1aTh BCIIOMOTaTeNIbHYIO MIOCKOCTH IO JII000# BeIOpaHHOM ocu. J{Jist 3Toro
BBIIIOJIHSIFOTCS CIIEAYIOIINE NEHCTBUSA:

I'M: Surface — Iso-Surface...

B nosBuBmemcs okHe (pucynok 2.23) B nojne Surface of Constant, BeiOupaetcs
Mesh (Cetka) u Z-Coordinate (Koopaunara-Z).

B stoM mone moxkHO BBecTH MMs HOBOW moBepxHocTu New Surface Name. B
JAHHOM CJIy4ae OCTAEeTCs 110 YMOJIYAHUIO.

BBoauTcs koopAuMHAT CEUEeHHsI, B KOTOPOM IPOBOJUTCS UCCIIEIOBAHNUE, HAIPUMED

Z = 0 nnsa Iso-Values (M30-3naueHue).

Surface of Constant From Surface

[Mesh. " l gas_wall
interface_gas_to_tube

[Z-Conrdinate interface_tube_to_gas

) interface_tube_to_water

Min (m) Max (m) interface_water_to_tube

| 0.037 | 0.037 interior-24
interior-9

Iso-Values (m)

| 0 From Zones E] E]
gas

@ O [ [ube

water
Mew Surface Mame

| z-coordinate-25

[ Create ] [Computel [Manage...] [ Close ] [ Help ]

Pucynok 2.23 — Co3aanue BcriomoraTenbHoH mockoctH (Iso-Surface)
3arem HaxxumaeTtcs kHonka Create (Co3aars).

AHAJIOTUYHO CO3JAI0TCS APYTUe MIIOCKOCTH CeYeHuUs (PUCYHOK 2.24-2.26).
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5.87e+02
5.72e+02
5.58e+02
5.43e+02
5.28e+02
5.13e+02
4.99e+02
4.84e+02
4.69e+02
4.55e+02
4.40e+02
4.25e+02
4.11e+02
3.96e+02
3.81e+02
3.66e+02
3.52e+02
3.37e+02
3.22e+02
3.08e+02
2.93e+02

Contours of Static Temperature (k)

Jan 24, 2017
ANSYS Fluent 14.5 (3d, dp, pbns, ske)

Pucynox 2.24 — Pacnipenenenue nojei TeMneparyp B Ipo0JIbHOM CEYECHUN

TEIUI0OOOMEHHUKA

5.93e+01
5.63e+01
5.33e+01
5.04e+01
4.74e+01
4.45e+01
4.15e+01
3.85e+01
3.56e+01
3.26e+01
2.96e+01
2.67e+01
2.37e+01
2.07e+01
1.78e+01
1.48e+01
1.19e+01
8.88e+00
5.83e+00
2.96e+00
0.00e+00

Contours of Velocity Magnitude (m/s)

Jan 24, 2017
ANSYS Fluent 14.5 (3d, dp, pbns, ske)

Pucynox 2.25 — Pacnipenenenue nojeit CkopocTell B MONMEPEIHOM CEUYCHUHN

TEII000OMEHHUKA
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3.70e+02
3.68e+02
3.66e+02
3.64e+02
3.62e+02
3.60e+02
3.58e+02
3.56e+02
3.54e+02
3.52e+02
3.50e+02
3.48e+02
3.46e+02
3.44e+02
3.42e+02
3.40e+02
3.38e+02
3.36e+02
3.34e+02
3.32e+02
3.30e+02

Contours of Static Temperature (k) Jan 24, 2017
ANSYS Fluent 14.5 (3d, dp, pbns, ske)

Pucynok 2.26 — Pactipenenenue mosiei TemrnepaTypsl B IPOJOJIEHOM CEUECHUH

pedpa TermnooOMeHHKa
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3akJIroueHue

[To pe3ynbTaTaM BBINOJHEHHONW PA0OTHI MOXKHO CAENATh CICAYIOIINE BHIBOIBI:

1. Bpicokas wuHGOPMATUBHOCTh pE3YyJIbTATOB YKCICHHOIO MOJCIUPOBAHUS
criocobcTByeT Oosiee TITyO0OKOMY aHAIM3Y MPOLIECCOB TEIIONEpe1adH.

2. MopenupoBaHue ra30/IMHAMUYECKONW CTPYKTYPHI MOTOKA MPU O0OOCHOBAHHOM
BbIOOpE MOJENM TypOYJIEHTHOCTH TMO3BOJISIET C JIOCTaTOYHOM JJisi TPAKTHUKU
TOYHOCTBIO TIOJIYYUTh PACHPEACIICHUS] OCHOBHBIX TEPMOJMHAMUYECKUX MapameTpoB

IIpu 00TEeKaHUU HarpeToro mapa.
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