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MocTtaHoBKa 3a4auun

BeepeHue

P [laHHbIN NpuMep B3AT U3 oduLManibHON JoKyMeHTauumn Ansys Fluent. B HEM
paccMmaTpuBaeTcs 3aja4a TenIoobMeHa B TPEXMEPHOM NOCTaHOBKE A1 ABYX
CMELLNBAOLLMXCSA MOTOKOB B CMECUTENIbHOM KosieHe. KoHdurypaums cMecuTesibHOro
KoJieHa BCTpeyvaeTcs B cucTeMax TpybonpoBOAOB Ha 31EKTPOCTAHLMAX U B
o6pabaTtbiBatoLLMX OTpacaax. 1 NpaBUIbHOrO NPOEKTUPOBAHMSA NepPexofa BaXHO
KOPPEKTHO CMPOrHO3MpPOBaTh MOJISi CKOPOCTU M TeMNepaTypbl B 30He
nepemMeLunBaHmsl.
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MocTtaHoBKa 3a4auun

B npumepe 6yayT pacCMOTPEHbI:

P 3anyck Ansys Fluent
P CuMTbIBaHUE YXKE rOTOBOM PACYETHON CETKM.

P Cuctemsl egmumy, (CU v T.n.) oa8 onpeaeneHns reoMeTpudecknx pasmMepos u
CBOMCTB paboyero Tena.

P 3apmaHue cBOMCTB MaTepurasia U rpaHNYHbIX YC/I0BUIA.

P CospaHWe KOHTPOJIMPYIOLLMX PeLLeHNE NepeMEHHbIX U UX UCMO/Ib30BaHME B
KayecTBe KpuUTepus CXOAMMOCTU.

P Pacuét 3agaum ¢ ucnosib3oBaHUeM pressure-based pelwatens.

v

Busyanusauus nonei CKopoctu n TeMnepartypsbil.

> ApanTtaumsa ceTkM Ha OCHOBE rpagMeHTa TeMnepaTypbl /1 YTOYHEHUS peLLeHus.
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MocTtaHoBKa 3a4auun

leomMeTpma N UCxoaHble AaHHbIE

100mm Dia.

? + 1
1
100mm ’Q137.5m !

i
i
i
: 225mm
i
i
i

U, =0.4mis

T=20°C weulp
1=5% :
25mm Dia. 14—

{<—— 200mm

U, =12mis
T=40°C
1=5%
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MocTtaHoBKa 3a4auun

MogrotoBka

P Ckauatb U pacnakoBatb apxuB Case 1 elbow.zip.
P Myck > ANSYS 2020 R1 > Fluent 2020 R1 unau Workbench.

Fluent Launcher

Simulate a wide range of industrial applications using the general-purpose setup, salve,
Meshing and post-processing capabilities of ANSYS Fluent.
Get Started With... Dimension

Solution ( case ( cseandoaa ) O20
- ( C ouma ) O
9 Options

Double Precision

Display Mesh After Reading
O toad ACT

O start server

Parallel (Local Machine)
Solver Processes 4

Solver GPGPUS per Machine |0

~ Show More Options  Show Learning Resources

start Reset cancel Hlp
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MocTtaHoBKa 3a4auun

CynTblBaHUE CETKU

» File - Read — Mesh...elbow.msh.

P Bo BpeMs cUUTbIBAHWUSI CETKU B KOHCOJIM ByAyT NOSIBASATLCS COOBLLIEHUS O Xoae
npeo6pasoBaHms. ANSYS Fluent coobwumT, 4to 661710 NpoymTaHo 13 852
rekcasipUYecKuX SYeekK C XXUAKOCTbI0, a TaKXKe paf, FPaHMYHbIX MOBEPXHOCTEN C
Pa3IMYHbIMU UAEHTUDUKATOPAMU 30H.
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MocTtaHoBKa 3a4auun

- [MpoBepKa ceTkn

File Domain Physics User-D

Mesh
Display... o R Scale...
Onfo . @ £0 Transform
El# Units... Checkv  Quality v & wmake Polyhedra

> Domain - Mesh - Check — PerformMeshCheck
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MocTtaHoBKa 3a4auun

Pe3ynbTraT NpoBEPKU CETKU

Domain Extents:

x—coordinate: min (m) -8.000000e+00, max (m)
8.000000e+00
v-coordinate: min (m) = -9.134634e+00, max (m) =
8.000000e+00
z—coordinate: min (m)
2.000000e+00

Volume statistics:

0.000000e+00, max (m) =

minimum volume (m3): 5.098304e-04
maximum volume (m3): 2.330736e-02
total volume (m3): 1.607154e+02
Face area statistics:
minimum face area (m2): 4.865882e-03
maximum face area (m2): 1.017924e-01
Checking mesh. . ... ittt aeaean

Done.
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MocTtaHoBKa 3a4auun

MaclutabmpoBaHme CETKM

Domain Extents

Scaling
Xmin (in) -8

Ymin (in) -9.134634
Zmin (in) (0

Xmax (in) 8 ® Convert Units

Ymax (in) 8 Specify Scaling Factors

2Zmax (in) 2 Mesh Was Created In
in et
View Length Unit In

Scaling Factors
in b

x[0.0254
v(0.0254
2[0.0254

(scae]

> Domain - Mesh — Scale... lepeBegéM pasMepbl B At0NMbI. BbINOJHMM NpOBEPKY
ceTkn. Mocne 0601 MaHUNYASALMUU C CETKOM JyyLUe BbINOJIHATb €€ NPOBEPKY.
Mocne MaHuUNyAsUUii MHOTA,a NPOSBASIOTCA OLUMOKN CETKM.
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MocTtaHoBKa 3a4auun

Hactpoiika ¢pusnkm

P Chnepyrolwuii War - HacTpomka GU3UKK
pewatens (BbI6op peLiaTens, CBOUCTBA,

S

Task Page

General @I
. rpaHuUYHbIE YCI0BUSA U T.4,).
[ Scale... ][ Check ][ReponQuaIi!y] PhySiCS g SOlver g General.
isplay... its...
(e (s P Bbibupaem Pressure-Based peluatens n
Solver
Typ: Velocity Formulation CTaLI,MOHapHYPO I'IOCTaHOBKy.
® Pressure-Based ® Absolute
Density-Based Relative P BkoYaeM ypaBHEHME SHEPTUU:
e Physics - Models — Energy.
S P BbibupaeM k — wSST mopenb
TYpOyNeHTHOCTW.
Gravity Physics - Models < Viscous...
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MocTtaHoBKa 3a4auun

Hactpoiika pusnkn-mogensb TypbyneHTHOCTH

Il Viscous Model X
Model Model Constants
Inviscid Alpha™_inf B
Laminar 1
Spalart-Allmaras (1 eqn) Alpha_inf
k-epsilon (2 eqn) 0.52
) k-omega (2 eqn) Beto™_inf
Transition k-k-omega (3 ean) g o
Transition SST (4 eqn) o
Reynolds Stress (7 eqn) oo
Scale-Adaptive Simulation (SAS)
Detached Eddy Simulation (DEs) | Bet2- (Inner)
Large Eddy Simulation (LES) 0.075
Beta_i (Outer) | |
k-omega Model
Standard
User-Defined Functions
cero Turbulent Viscosity
BSL
® sst none -
Prandt! Numbers
k-omega Options Energy Prandtl Number
Low-Re Corrections none v
Ooptions Wall Prandtl Number
Viscous Heating none e
Curvature Correction
Production Kato-Launder
! Production Limiter
Intermittency Transition Model
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MocTtaHoBKa 3a4auun

Hactpoiika ¢pu3nkn-ceoncTea paboyero Tena

Materiaks

Create/ed.

P Physics —» Materials — Create/Edit... - FluentDatabase... : Water — liquid —
Copy.

Materal Type Order Materials by
fuid

Fluant Flid Naterials
vaater-iquid (h20<

none.

Properties
Density (kg/m3)| constent - ]
9982
Cp (Speciic Heat) (J/kgrk) constent
w82
‘Thermal Conductidy (w/m-k)| constent
06

Viscosty (vgis) constant

- e g

(crangercrent) (pure) (2 ()
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MocTtaHoBKa 3a4auun

Hactpoiika ¢pusnkn-Zones

el Zone Conditions

@
P Physics —» Zones — CellZones
Zones
Cell Zones
Boundaries
BH Profiles... EE— o

=)(+
Edt... (copy... | [Profiles... |

Parameters...
Operating Conitons..
Display Me: B
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MocTtaHoBKa 3a4auun

Hactpoiika ¢pusnkn-Zones

Zone Name
fluid

Material Name| water-liquid M

Frame Motion 3D Fan Zone

Source Terms
Mesh Motion Laminar Zone Fixed Values
Porous Zone

ReferenceFrame | MeshMoton | PorousZone | 3DFanZone | EmbeddedLES | Reacton | SouceTems | FixedVakes | Mutphase
Rotation-Axis Origin

Rotation-Axis Direction
X (in) 0 v~ Xo -
¥ (in) 0 v Yo v
z(in) o AR 4
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MocTtaHoBKa 3a4auun

P Physics - Zones — Boundaries

Zones
B cell zones
Boundaries
B erofiles...

Hactpolika ¢pu3MKn-frpaHnYHbIE YCI0BUA

Boundary Conditions @

5 e
ey s
et
g

2 Outlet
pressure-outiet-7
< symmetry
symmetry
all

Phase Type )
mixure ¥ ~)[(a

. (copy... | (Profiles...

o

Highlight Zone:

Periodic Condtions.
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MocTtaHoBKa 3a4auun

Hactponka ¢pusmkun-fpaHuyHsle ycnosus: velocity-inlet-5

o
Zone Name

velocity-inlet-5
Momentum “Thermal Radiation Spedies DPM Multiphase
Velocity Specification Method Magnitude, Normal to Boundary
Reference Frame  Absolute
Velocity Magnitude (m/s) 0.4
Supersonic/Initial Gauge Pressure (pascal) o
Turbulence
Specification Method  Intensity and Hydraulic Diameter
Turbulent Intensity (%) 5

Hydraulic Diameter (in) 4

€ (concer] (e

Potential

uos

Zone Name
velocity-inlet-5

Momentum Thermal

Temperature (k) 293.15
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Radiation

Spedes DPM

B3 (cancel]

Multiphase

Potential uos




MocTtaHoBKa 3a4auun

P Velocity Specification Method: Magnitude, Normal to Boundary
P Velocity Magnitude: 1.2 [m/s]

P Specification Method: Intensity and Hydraulic Diameter

P Turbulent Intensity: 5 [%]

P Hydraulic Diameter: 1 [inch]

P> Temperature: 313.15 [K]

Hactpoika ¢usukun-fpaHuyHsle ycnosus: velocity-inlet-6
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MocTtaHoBKa 3a4auun

Hactpowka ¢pusmkun-fpaHuyHble ycnoBus: pressure-outlet-7

o
Zone Name
pressure-outlet-7
Momentum Thermal Radiation Spedes DPM Multiphase Potential ubs
Backflow Reference Frame  Absolute
Gauge Pressure (pascal) o
Pressure Profile Multiplier 1
Backflow Direction Specification Method| Normal to Boundary
Backflow Pressure Specification Total Pressure
Radial Equilibrium Pressure Distribution
Average Pressure Specification
Target Mass Flow Rate
Turbulence
Specification Method| Intensity and Hydraulic Diameter
Backflow Turbulent Intensity (%) 5
Backflow Hydraulic Diameter (in) 4

a Cancel | | Help
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MocTtaHoBKa 3a4auun

Hactpolika ¢pusmkn-IpaHnyHble ycnosus: wall

o

Zone Name

wall

Adjacent Cell Zone
fluid

Momentum | Themal | Radiation | Spedes | DPM | Mutiphase | UDS | WalFim | Potential | Structire

Wall Motion Motion
® Stationary Wall (V! Relative to Adjacent Cell Zone
Moving Wall
Shear Condition
®) No Slip
_) Specified Shear
Specularity Coefficient
Marangoni Stress
‘Wall Roughness
Roughness Height (in)[o

Roughness Constant[0.5

B (el ()
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Hactpoiiku pelueHus

Bbi6op MeToaa pelueHus

Solution Methods

Pressure-Velocity Coupling
Scheme
Coupled -

Spatial Discretization

Gradient
Least Squares Cell Based -
» Solution — Solution — Methods... e
Second Order bt
Momentum
Second Order Upwind -
Solution Turbulent Kinetic Energy
First Order Upwind -
Turbulent Dissipation Rate
O First Order Upwind -
(& o -
Methods... ransient Formulation

Non-Tterative Time Advancement

Frozen Flux Formulation

<

Pseudo Transient

Warped-Face Gradient Correction

High Order Term Relaxation
Default |



Hactpoiiku pelueHus

Reports

o
Options. Equations
. . V! Print to Console Residual Monitor  Check Convergence Absolute Criteria &1
P Solution — Reports — Residuals... v pex i) © v oo
Window
A - x-velocity v v 0.001
y-velodity v v 0.001
Terations to Flot
z-velocity v v 0.001
Reports 1000 =
. energy v v 1e-06
Residuals... % Convergence...
erations to Store k ] v 0.001
[=] pefinitions . [ File... [/ Plot... — s — v v am o
Show: Advanced Options
B (Pot] [cancer
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Hactpoiiku pelueHus

Reports nonb3oBartens

P Solution — Reports — Definitions —
New — SurfaceReport —
Mass — WeightedAverage...

Nome outlet-temp-avg-rfle Vv Aawe

Avaioble Report Definitons [0/0) EE Selected Report Definitions (0/1] =]
]

outlet-temp-avg
aaaaa roug Add>>
optons

<<Remove

e sies (001

e Fle Name Edi..

REEE \oullet-temp-avg-rile.out frew )
epor s (001 Full File tame

GetDatavery 3 T | ieration =

! print to Console
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Hactpoiiku pelueHus

Kputepuit cxoguMocTu Nonb3oBaTtens / UHULMaAn3aums peweHms

> Solution — Initialization

. Initialization

» Solution > Reports - Convergence... ethod [ e i
: ::r::;rd Mw;ptS:‘n‘L“gsm ?) Reset Statistics t-=o
) Reset DPM Initialize

Report Stop  Ignore Use
Active Conditions Defintion Criterion  Terations Before Tterations  rint Delete

V| con-outlet-temp-avg  outlet-temp- ¥ | 1e-5 20 <ll1s Y B . .
> File - Write — Case...

ndd | o
— Lok n: oo oRE@E
Choose Condition very Reraton ——
© All Conditions are Met | 3 2 [ Residuals...
vy Condtion s et
B (conce) (e
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Hactpoiiku pelueHus

3anyckK pelueHns

. - . —
== ez
=
Mass-Weighted o
o
L S
=
P Solution - RunCalculation LI
Run Calculation
[ 1put Summary... Run Calculation...
[¥) check case Time Scale Factor 1 - @ B Prm— xm JE——
% Update Dynamic Mesh... No. of erations | 150 = Calculate o .
g
Ex -
= N
— \
. R

25/36
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Hactpoiiku pelueHus

P Results — Reports — Fluxes...

Dl FluxReports
Options.
© Mass Flow Rate
Total Heat Transfer Rate
Radiation Heat Transfer Rate

Save Output Parameter...

MpoBepka 6anaHcoB

Soundaries Fiker Text 5 resurs
detautinterior
pressure-outlet-7

+1.915872265240582
symmetry

velocity-inlet-5 1.614609710153648
velocity-inlet-5 03012634374729083
vall

et Results (ka/s)
8.82186e-07
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P CoxpaHeHue pe3ynsTaToB:

> File - Write —» Data...
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O6paboTKa faHHbIX

Busyanunsaumsa teqyeHus: nons

o) () (e tmis)

P AHaNOrMYHO A8 NoAs TeMnepaTtypsbl.
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O6paboTKa faHHbIX

P Results - Graphics —» Vectors

New...

Vector Options...
custom Vectors...|
Colormap Options...

B vectors
Vector Name
vector-vel
Options Vectors of
! Global Range Velocity
V! Auto Range Color by
Clip to Range Velocty...
V! Auto Scale
Draw Mesh Velocity Magnitude
Min (m/s) Max (m/s)
Style
0.1344519 1.404483
3d arrow v
=D ED) Surfaces [Filter Text
1 0 s

pressure-outlet-7
symmetry
velocity-inlet-5
velocity-inlet-6
wall

New Surface _|

Bw3yan|43au,m| TEYEHUA: BEKTOPHbLIE NOAA

mcarse

Veocty e
1test0
1200500
1t5an00
1620000
[
a0
caer
S0
s
26001
1301

Imis)

(Example)
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O6paboTKa faHHbIX

Mpodunnn nepeMeHHbIX

P Results —» Surface - Create —

Iso — Surface...

BERE
|}

[]
([Mesh...

=
Min () Mo (in)

. < From Zones Filter Text
1s0-Values (in)

ad fluid
(<)o o

(compute] (cose) ()

> TMosiBUTCS HOBasi IMHUS, NPeACTaBAAIOWAs cOBON NepeceyeHmne

nnockoctn Z=0 1 noBepxHOCTH pressure-outlet-7. IMs inHum

z=0—outlet NOSBUTCS B CNUCKE AOCTYMHBIX MOBEPXHOCTEA.
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> Results - Plots - XYPlot - New...

BEEE

FEEE

I () (oo () (o]




O6paboTKa faHHbIX

[NlepeMeHHble Noab3oBaTens

P User — Defined — FieldFunctions —

B
Custom....
[]
[Definition
density * V] ~2/2
EGE@@ Select Operand Field Functions from
0 1 3 4 SQRT
G e ;L;" Hognade
CAO e o] =
New Function Name dynamic-head

P Results - Graphics — Contours —

New...

(Example)
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Apantaums ceTku

ApanTaums CETKM

M3MenbyeHume ceTkn B 061acTm 60bLLMX rpagueHToB
olution —

FieldVariable... » Domain —» Adapt — Refine/Coarsen...

Adapt
{1} Refine / Coarsen...

©00 More =

Il Adaption Controls X

Refinement Criteron| cyvature_0 -

Coarsening Criterion -
Maximum Refinement Level | 2

; .

0 () (o) () )
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Apantaums ceTku

AfanTauusa ceTku

» Solution — CellRegistersNew — OTODPaXXEHNE afalTUPOBAHHOM CETKM
FieldVariable... C rpaHMuaMu.

- e ot e
et o
3 w1

B (o o)

»
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Apantaums ceTku

AfanTauusa ceTku

P 3anyckaeM HOBbIM pacyérT.

P ApantupoBaHHas ceTka Ha
MOBEPXHOCTU CUMMETPUM:

Merations.

> File - Write —» Case & Data....

P> MoxHo caenaTb BU3yasm3aLuio nosen,
& BbIBECTU NPOodUIb TEMMEPaTYPbl Ha
BbIXO[€e M 3anmcatb ero B painn.
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Apantaums ceTku

Pe3ynbraThbl Ha a,EI,aI'ITVIDOBaHHom n He aﬂlaHTMpOBaHHOVI CETKaX

P Results — Plots — DataSources...

= S(lulic
‘emperature
k)

o1 o o1 o1 o1 02 oz
Position
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