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BBEJEHUWE

CoBpeMEHHBI WHXKEHEpP, 3aHMMAIOIIMICA THUAPOIANHAMUKON, 00s3aH
0051aaTh HaBBIKAMU PAbOTHI ¢ COBPEMEHHBIMH NPOTPAMMHBIMHM KOMILIEK-
CaMH, TO3BOJIIONIMMH BBIIOMHATE YHCIEHHOE MOJEIMPOBAHHUE CIOXKHBIX
THAPOAMHAMHMYECKUX IporeccoB. K HacTosmieMy BpeMeHH pa3paboTaHo
oonmpmioe  kommdectBo Takux CFD  kommmiekcoB, kak STAR-CD,
FlowVision, N3S, CFX, Fluent, FemLab, FEATFLOW u np. B mocnexnee
BpeMs IIUPOKOE PACTIPOCTPAHEHHUE TOIYIHIN ITPOrPAMMHBIE KOMIUIEKCHI OT
KOMITaHHH Ansys, YCHENIHO ITPOJBHUTAIOIIECHCS Ha PBHIHKE CHEINaTU3UPO-
BaHHBIX IPOrPAMMHBIX HPOIYKTOB.

Lenbto maHHOTO y4eOHOTO TOCOOUS SBISACTCS ONMCAaHHUE IIPUEMOB pabo-
TBHI C OCHOBHBIMH 3JIEMEHTaMH IIporpaMMHOro komruiekca ANSY'S, takumu
kak ANSYS Workbench, DesignModelier, Meshing n Fluent, Ha npumepe
pemIeHus TpeX 3a/1a4 THAPOra30ANHAMUKH: 3a7a4H O JAaMHUHAPHOM TE€UCHHUH
BS3KOM HEC)KMMAaEeMOW JKHIKOCTH B TPYOE ITOCTOSHHOTO CEYCHUS, 3aJa4H O
TypOyJIEHTHOM TEYEHHHU BA3KOM HEC)KMMAaeMOH >KHUAKOCTH B TpyOe mocro-
SIHHOTO CEYEHUs W 3aJadd O KOCOH yIapHOH BoXHE, oOpasyrolieics npu
HaTEKaHWHU HA KJIMH WACAITBHOI0 CKMMaeMoro raza. Cieayer oTMETHTh, 94TO
JTAHHOE IT0COOME HE MPETEHIyeT Ha IOJHOTY ONMCAHUS BCEX BO3MOMKHBIX
MIPUEMOB M CPEJCTB, 3AI0KCHHBIX B MAaKeT Ansys, AJIs peIeHNs 3a1ad TH/-
poanHaMuku. B mocobum npuBomutcs onmcanue paboThl B Ansys BepCHH
14.0, x0T K MOMEHTY HAIUCAHUS ITOCOOHS yKe uMeercs Bepcus 18, oTiu-
qaromascs WHTepQeiicoM OT paccMarpuBacMoil. TeM He MeHee, HaBBIKA
pa6orts! ¢ naTepdeiicom ANSY'S Bepcun 14.0 mo3Bomstror 6€3 ocodoro Tpy-
Ia paborats ¢ Oonee mo3mHIMH BepcusiMu ANSY'S.

[Mocobue HampaBieHO Ha (OPMHUPOBAHHE OOMICTIPOPECCHOHATBHBIX H
IPo(h)eCCHOHANBHBIX KOMIIETEHIIMH B 00IACTH YHCICHHOTO MOACINPOBAHUS
THAPOAMHAMHYECKUX IMPOIECCOB Y MAarucTpaHTOB, OOydYalOIMXCs IO Ha-
npasneHnmsM 16.04.01 — Texumueckas pusuxa u 24.04.03 — bammnctuka u
THAPOa’pOANHAMUKA.

IMocobue OymeT TakKe IMONIE3HO aCHHUpaHTaM U CIYIIATEIsIM KypCOB
TIOBBIIICHUS KBaJTH(UKAIMK, M3YYalOIIMX BBIYHCINTEIBHYIO THIPOJHHA-
MUKY.



1. JJAMAHAPHOE TEYEHHUE BSI3KOM HEC)KUMAEMOM
KUIAKOCTHU B KPYI'JION TPYBE

1.1. Onucanue 3aga4n

PaccmoTpum 3aa4y 0 TaMMHApHOM TE€UYEHHH XKUAKOCTU B KPYIJIOH Tpy-
6e moctostHHOTO cedeHus, puc.l.l. uamerp tpyost D = 0.2 M, qmuHa Tpy-
661 L = 8 M. CKOpOCTb XKHUIKOCTH Ha BXoze B TpyOy U, = 1 m/cek aBmsteTcs
MIOCTOSTHHOW IO BCEMY BXOJHOMY cedeHHIO. JKHIKOCTh BBITEKAET B OKpY-
JKAIOLLYIO Cpeay, AaBieHne KoTopoit paBHO 1 atM. [Ipumem mIIOTHOCTH cpe-
mei p = 1 xr/M°, a kodddurment Baskoctu p = 2x 107° Ia-c. Yucno Peii-
HOJIBJICA, TIOCTPOEHHOE Ha OCHOBE ANaMETpa TPyObI, paBHO

pU D
Re =—=—=100
H :

Pemmnm oty 3amauy, ucnons3ys FLUENT ¢ momompio ANSYS Work-
bench. IToctponm momnst CKOPOCTH W ABJICHUS BHYTPH TPYOBI, U IPOBEPHM
TIOJTyYeHHBIE PE3yIbTaThI.

U. D

L
Puc. 1.1

1.2. MpenBaputeabHbie 3aMeYaHUs

MsI npenmnosaraéM, YTo BSI3KMM NOTPAaHUYHBIN CIOW HapacTraeT BAOJIb
TpyOBI OT BXOJHOTO yJacTKa. B KOHEUHOM HTOTre, OH BBIPACTAET HACTOJIBKO,
YTO TIOJHOCTBIO 3aIlONHSET TPyOy (IpH YCIOBHH, YTO TpyDa IOCTATOYHO
amuHHasT). Korma 3To mMpoucxomuT, MOTOK CTAaHOBUTCS ITOTHOCTBIO Pa3BH-
TBIM, ¥ IPOQMIb CKOPOCTH B OCEBOM HAIPABICHUH, X HE U3MEHSETCS (CM.
puc. 1.2). Y3 kypca ruipOMeXaHUKH U3BECTHO, YTO B TIOJTHOCTHIO Pa3BUTOU
00J1aCTH TEYEHHs CYIIECTBYET aHAIMTHYECKOE PEIICHHE OCHOBHBIX ypaB-
HEHUH THAPOMEXAHUKH.



Mp1 GyneM CpaBHUBAThH YUCIICHHBIC PE3YJIBTATHI B IIOJHOCTHIO Pa3BHTOM
00JIaCTH TEUCHHUS C COOTBETCTBYIOLINMH aHATUTHYECKUMU PELICHHUSMH.

Kakoe pemenne oXumaercs IS OCEBOH CKOPOCTH M KO3(PQHUIMEHTA
TPEHHUSI B MOJHOCTBIO Pa3BUTOH OOJACTH TEYCHUs Ha OCHOBE aHAJHTHYC-
ckoro pemieHus? Kakoe monydaercst YUCICHHOE pelIeHHe s mpoduiis
ckopocTu?

[Torpanuunelii cinoi

b
L
=3 7
—>
I I e ——————— ]
—
—>
BxoaHoit yuactok Y4acToK MOJTHOCTHIO
Pa3BUTOI'O TEUECHUS
Puc. 1.2

Ms! cozmagum reomerpuio U cetky B ANSYS 14.0, xotopas siBisiercs
npemnpoueccopoMm s FLUENT, a 3atem cuuraem cerky Bo FLUENT u
MIPOBEIEM PEIICHNE 33/1a4H.

1.3. Co3nanue npoexta B ANSYS Workbench

1) Coznmaem namky pipe, B KOTOpoi OyqyT XpaHUThCS Bee (aiibl, co3na-
BaeMbIe BO BpeMsi pabOTHI.
2) 3amyckaem ANSYS Workbench:

Start> All Programs> ANSYS 14.0> Workbench 14.0

Ha puc. 1.3 nokazano okao Workbench. B neBoii ctopore okaa Work-
bench Oyzer HaxomUTHCS AHETh HHCTPYMEHTOB, 3aITOTHEHHAS CHCTEMaMU
JUISL peLICHUs] Pa3NIMYHBIX (pr3Hueckux 3axad. [locpenune OyaeT HaXOAUTh-
cs1 mycroe pabodee MecTo, Tie MOXKHO OyJIeT OpraHn3oBaTh CBOM MPOEKT. B
HIDKHEH NPaBoH 9acTH OKHA MOXKHO YBHIETh coodmienus oT ANSYS.

3) na co3maHus MPOEKTa IICTKHHUTE JICBOH KHOMKOW MbImm Ha Fluid
Flow (FLUENT) B okHe Analysis Systems u, yaep>kuBas ee, IepeTamiy-



T€ 3HAYOK B IyCTOE HPOCTpaHCTBO OkHa Project Schematic. ITocne

storo okHo Workbench momkHO BEITIAIETH Tak, Kak MOKa3aHO Ha PHUC.
1.4.

@V Laminar Pipe - Workbench | () S

Fle View Tools Units Help

TINew 5 Open... = Save (Al Save As... |_§]]rnport...
Toobox |

EAnarysws Systems
@ Design Assessment ‘
Electric =
9 Explicit Dynamics ‘
& Fluid Flow - Blow Melding (POLYF —
& Fluid Flow - Extrusion (POLYFLOV
& Fluid Flow (CFX)

& Fluid Flow (FLUENT)

< Reconnect| @ Project @) Compact Mode
ALl Project Schematic e

o

& Fluid Flow (POLYFLOW)
T

View All / Customize... I

[@ Show Progress ][w Show 4 Messages | .:

4)
5)

6)

7)

Puc. 1.3

Coxpanure npoekt nox umenem Laminar Pipe.

B okne Project Schematic (okna Workbench) knukauTE TIpaBoii KHOM-
kol MpImkd Ha Geometry n BblOepuTe Properties, kak mokasaHo Ha
puc. 1.5. B npaBoii wactn okaa Workbench nosiButcs oxao Property
of Schematic.

B okne Property of Schematic, puc. 1.6, B paznene Advance Geometry
Options n3menute 3Hauenne Analysis Type Ha 2D. D10 o3Havaer, 4yTo
nanee OyaeT BBIIONHATHCS IOCTPOSHIE IBYMEPHOM 00IaCcTH.

B oxne Project Schematic maxkmsr knukHHTE Ha (Geometry 4TOOBI
HayaTth IMOJATOTOBKY IIOCTPOEHHS reoMeTpudeckoi obiactu. [Ipu aTom
npounszoiiaer 3amyck nporpammsl ANSYS Design Modeler. Bam Oyner

NPEIUIOKEHO BHIOpATh KENaeMyl SIUHHLY H3MEPeHHs IJIHHBI, PHC.
1.7. Beibepure metpsl u Haxxmure OK.



N Laminar Pipe - Workbench ==
Fie View Tools Units Help
INew EFOpen... ol Save (Kl SaveAs... |g@limport... | # Update Project | & Project @ Compact Mode

R o schemac “nx

lEAnalysis Systems |7‘ - A A
Design Assessment BY = Fuid Flow (FLUENT)
Electric =
¥ 2 Geomet ?
Explicit Dynamics @ v = 4
Fluid Flow - Blow Molding (POLYF 3 @ Mesh ? .
Fluid Flow - Extrusion (POLYFLOV 14 @ Setup ? . L
Fluid Flow (CFX) 5 @) Solution ?. T
Fluid Flow (FLUENT) 6 @ Resuks ?.
€& Fluid Flow (POLYFLOW) .
PR Lioeermetie Dormmr Fluid Flow (FLUENT)
| T View Al / Customize... -
§ Ready = Show Progress |5 Show 4 Messages | :
Puc. 1.4
-
N Laminar Pipe - Workbench =HIE)

Fie View Took Units Help
TINew [ Open... = Save (&l Save ss... [;ﬁ]lmpnn:... [“q Reconnect i@ Refresh Project @) Compact Mode

Toolbox v x Project Schematic v oo x IE ¥ R X
IEAnarysis Systems J = 3 2
Design Assessment @Al 1
@) Electric = > ﬂ%‘
Explicit Dynamics ometry 2. 3
Fluid Flow - Blow Molding (POLYF | @) New Geometry...

&3 Fluid Flow - Extrusion (POLYFLOV Import Geometry » L 4

3 Fluid Flow (CFX) A . =l s
Fluid Flow (FLUENT) 5 G2 Dupicate 5
Fluid Flow (POLYFLOW) 6@ Re  Transfer Data From New  » -

Harmonic Response £ Transfer Data To New »

.F!ydlrodlynam?c Eiﬁ’ragﬁon d % Update | 2 |
K4 View Al / Customize... & Refresh ol .
(@) Double-click component to edit. Reset ;s_"l,__bshm 4 Messages I.d

Rename
Properties
Quick Help

Puc. 1.5



Properties of Schematic A2: Geometry = oox

A B
1 Property Value
3 Component ID Geometry
4 Directory Name FFF
g = Geometry Source
6| Geomemyrenme |
yAll = Basic Geometry Options
8 Solid Bodies
9 Surface Bodies
10 Line Bodies
11 Parameters
12 Parameter Key D5
13 Attributes
14 Named Selections
15 Material Properties
i3 = Advanced Geometry Options
17 Analysis Type 2D =l
18 Use Associativity
19 Import Coordinate Systems
20 Import Work Points
21 Reader Mode Saves Updated File
22 Import Using Instances
23 Smart CAD Update
24 Enclosure and Symmetry Processing
25 Decompose Disjoint Faces
26 Mixed Import Resolution None =l
Puc. 1.6
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1)

3)

ANSYS Workbench S

Select desired length unit:

® Meter O Foot
(O Centimeter O Inch
' Millimeter

() Micrometer

[] Always use project unit
[] Always use selected unit
[ Enable large model support

Puc. 1.7

1.4. Co3nanue 3cku3a B Design Modeler

OTkpsIBIIEECs OKHO mporpammbl Design Modeler umeer Buna, puc. 1.8.
B nanenn Graphics B HIXKHEM NPAaBOM YUy KJIMKHUTE JIEBOW KHOIKON
MbImu 1Mo ocu +Z. Ilocie 3toro mwiockocts XY COBIAAET C IIOCKO-
cTbio0 3KkpaHa. (Ock +Z Oyner cMoTpeTh Ha Bac), puc. 1.9.

YroObl IpHOIN3NTD WK OTAAINTE U300paskeHne Ha naHenn Graphics,
CJIeyeT KINKHYTH JIEBOM KHOIKOI MBIIIH 110 AHENHN |, Bpamias Koje-
CHKO MBIIIKH, MOXHO JOOUTHCS KeIaeMoro pe3ynbrara. Eciu Bo3HH-
KaeT HeOoOXOIMMOCTh IIEPEMECTUTh H300pa)KEHHWE BIIEBO, BIPABO,
BBEPX, BHU3, TO CIIEAyeT KIMKHYTh MPABOA KHONKOW MBIIIN U B KOH-
TEKCTHOM MEHIO BBIIIOJIHUTH CIEIYIONIIYIO ITOCIEI0BATENbHOCTD JACH-

crBuit: Cursor Mode—Pan. [Tocne aToro kypcop npumer Gpopmy é’

KnuknyB no nanenu Graphics 1€Boi KHOITKOW MBIIIN U yAEPKUBAs €€,
MOJKHO TIepeMeIaTh n300pakeHre B JTIF0OOM HAIPaBICHUH.

11



@ & rwarow Ny oesgnvoseer A T

File Create Concept Tools View Help
A @ @] Dundo Credo [[Select[% b RRE® - |[|S ¢ QRAQ@MA QE | @ (2
By W~ f~ /v fv A~ Aiv X 7
XtPlane v | Nope - B

¥ Generate W5hare Topology EEP
| BExtrude #BRevolve & Sweey
Tree Outline 2 |Graphics
E1-/@ A: Fluid Flow (FLUENT)
ok XyPlane

v ZXPlane

3 YZPlane
- 0 Parts, 0 Bodies

in/Loft || WThin/Surface % Blend ~ % Chamfer ® Point

Sketching  Modeling
Details View -
= Details of XYPlane

Il Plane ‘Meter HD |0 Y

Puc. 1.8

@) A: Fluid Flow (FLUENT) - DesignModeler =R
File Create Concept Tools View Help

QEB|@ || DU Gree [[seec[fy T | B RE @] G-

M- 4 fr A A A A e |S ARG QE el M
XtPlane ~ 3 | None -~

¥ Generate QP hare Topology 5] Parameters

[REdtrude glaRevolve @ Sweep g Skin/Loft |J W Thin/Surface @ Blend v 4 Charmfer €9 Point
Tree Outline ® | Graphics

A Fluid Flow (FLUEN

3 XYPlane
b ZXPlane

b VZPlane
1 0 Parts, 0 Bodie:

o ——

Sketching  Madeling

Details View L A

=1 Details of XYPlane }i. ”
Plane X¥Plane 0.00 30,00 (m)
Sketches |0 B 1 1 —
Export Coor...| No

Wodel View | Print Preview

9 Ready i _lNoSe[e:ﬁon _ [Meter o [0 @

Puc. 1.9
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4) Dckus OymeM co3maBath B iockoctd XY. [ns storo Ha maHenun Tree
Outline xmkauTe M0 XYPlane (puc. 1.9). B neBoM HikHEM yriry ma-
Henn Tree Outline BeIOepute 3akimanxy Sketching. Bmecto manmenn
Tree Outline mosButcst manens Sketching Toolboxes — manens UHCT-
PYMEHTAIBHBIX CPENICTB IS MOCTpOoeHUs dcku3a, puc. 1.10. ITo ymon-
YaHUIO OTKpBIBaeTCS HAOOp MHCTpYMEHTOB Draw.

Draw | i Draw
" Line Modify
s T_angem Line Dimensions
4 Line by 2 Tangents -
A Polyline Con_stralnts |
@Polygon Settings | -
TlRectangle @Grid Showin2D: [ Snap: [
{*Rectangle by 3 Points ﬁMajor Grid Spacing
go"m #EMinor-Steps per Major

Circle -

£4Circle by 3 Tangents ﬁSnaps per Minor
“MArc by Tangent
< Arc by 3 Points
< Arc by Center
G Ellipse
~ Spline
# Construction Point
4¥ Construction Point at Intersection

Modify -

Dimensions

Constraints

Settings |

Sketching | Modeling Sketching | Modeling

Puc. 1.10 Puc. 1.11

5) Tlepex mocTpoeHueM OONACTH IMOKaKeM KOOPAWHATHYIO CEeTKy. Jlis
storo Ha manenu Sketching Toolboxes knukHHTE TIO TabynsATOpY Set-
tings, HaXOAAIIEMYCsI BHU3Y ITAHENH, 3aTeM — 1o nHeTpyMeHTty Grid u
HanpotuB Show in 2D ycranoBure ranouky, puc. 1.11. ITocne storo
Ha manenu Graphics OyzeT mokazaHa KOOpAMHATHAsI CETKA, PACCTOS-
HHE MEXAY KOOPAUHATHBIMH JIMHUSMH 10 YMOJIYAHUIO PABHO 5 M.
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Ha manmemn Sketching Toolboxes Bbibepure Rectangle. Ha manemmn
Graphics coznaiite IpsSAMOYTOIBHUK, KIMKas JICBOM KHOITKOW MBIIIHN B
Hayaje KOOpPAMHAT W, 3aTE€M, IIe-HUOYIb B IEPBOM KBaJpPAHTE ILIOC-
koctd XY. Ecnu kypcop BeCTH BAOJIb OJHOW U3 OCEH, TO PSIIOM C KYp-
copoMm nosBisiercst OykBa C, ecny Kypcop NOMECTHTh B HaYall0 KOOp-
JIMHAT, TO PSAZOM ¢ HUM mosBisiercs Oyksa P. Ilpubimsure pucyHOK,
BpaIas KOJeCHKO MBIIIKA, ¥ CIIBUHBTE €T'0 BIEBO, puc. 1.12.

6)

A Fluid Flow (FLUENT) - Designhodeler
g

J File Create Concept Tools View Help

| O HE @[] Dunde GRedo |[seiect *; - T & [ W &~

|- W~ g~ fiv A A fr X |G RBQEEQ R |d[wme [

| xvpiane v 3| sketent -

J 1Ganerate @ Share Topolagy Paramaters

J ‘Ex‘trude *Revolve %Sweep ‘Skm!\_of‘t |J W Thin/Surface Qp Blend ~ R Charrifer QPomt

Sketching Toolboxes & Graphics
Draw | —

" Line

6 Tangent Line
6 Line by 2 Tangents

J4 Polyline
@Pulygun
T)Rectangle Auto-Filet: [~
{“*Rectangle by 3 Points
ey |-
Dimensions
Constraints
Settings
Sketching | Modeling I
|| Details View n .
[=l| Details of Sketchl - ] 3.000 (i 7
Sketch Ske.. i i 1500 | i

Sketch Visibility Sh...
Show Constraints? |No | — | podel View | Print PrEviewl

a Rectangle -- Click, or Press and Hold, for first corner of rectangle |No Selection MMeter WP—//J

Puc. 1.12
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7)

Hanmecem pasmepsl Ha mnpsmoyrombHuk. Ha manemm Sketching
Toolboxes BeiOmpaem Tabymstop Dimensions. Ha manmenu Graphics
NOABOJIS Kypcop K BEpXHEH CTOpOHE HPSMOYrONbHHKA, HAKUMAS U
YIEePKUBas JIEBYIO KHOIIKY MBIIIH OTBOJMM Kypcop BBepX. [Ipu sTom
TOSIBATCS JIMHUU pa3MeTkH. Takue e JeHCTBUS NpOJeNbIBacM C Jie-
BOH CTOPOHOU HPSIMOYTOJNEHHKA, TOIBKO KYpCOp OTBOAUM BJICBO, PHC.
1.13.

8) Ha manenu Details View, kotopas Haxomurcst o naHensio Sketching
Toolboxes, B rpynme Dimensions:2 ycranasnusaem H1=8, a V2=0.1,
puc. 1.14.
( &) A: Fluid Flow (FLUENT) - DesignMadeler = [ [ |

J File Create Concept Tools View Help

| 2B E| @] Dundo GRedo [[select [* T |[10[m @ W &~

| M- M- A - A A A A7 S ARBA QXK [+ [Gs |2

| xplane v | sketch - 5

J ’Generate @ Share Topology Parametars

J‘Extrude *Revn\va & Sweep 4 Skin/Loft “ W Thin/Surface @ Blend v 4 Chamfer @Pmnt
Sketching Toolboxes R Graphics

Draw
Modify

Dimensions —

@GEHera\ I e I h H Hi- i e e

k= Horizontal

[ Vertical
«~Length/Distance
(‘(\Rad\us
@Dlameter

/A Angle

Constraints -

P —

Settings

Sketching l Maodeling l Y

Details View

[=l| Details of Sketchl
Sketch Ske...
Sketch Visibility Sh.

Show Constraints? |No | « | model View | Print Preview

-
0.00 3.000 {m) L-X
. . =

Lk
s
=
=

i

a General -- Select point or 2D Edge for dimension or use RMB for Uptiun|ND Selection Meter |0—|0—/ﬂ

Puc. 1.13
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]

Details of Sketch2

Sketch Sketch2
Sketch Visibility Show Sketch
Show Constraints? | No
| Dimensions: 2
H1l 8 m
V2 01m
| Edges: 4
Line Lnl9
Line Ln20
Line Ln21
Line Ln22
Puc. 1.14

1.4.1. Co30anue nosepxnocmu

1)  Jnst cozmanus moBepXHOCTH BeIOMpaeM B MeHio Concept, a 3aTeM Sur-
face From Sketches, kak mokazano Ha puc. 1.15.
2)
@ A: Fluid Flow (FLUENT) - DesignModeler

J File Create|Concept Tools View Help

* Lines From Points
3 Lines From Sketches
B Lines From Edges
%4 3D Curve
*w Split Edges

RExirude (@ Surfaces From Edges
Sl P ] Surfaces From Sketches |
& Surfaces From Faces

Cross Section 4

I

LS AW
J XYPlane

J ¥ Generate
|

. Line
Puc. 1.15
3) Ha manenu Tree Outline (3axnanka Modeling) knukanTe o Sketchl.

4) Ha manemn Details View, Boi0epure Sketchl xak Base Objects u 3atem
nanpotuB Thickness (>=0) BeiGepure Tommuunay 0.1m u KIUKHUTE Ap-
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ply. OxonuatensHo knmkHHTe Generate, yTOOBI CreHEpHUpPOBATH IO-
BEPXHOCTH, puc. 1.16.

5) Ha stom moxHo 3akpbiTh Design Modeler n Beprythest B Workbench
Project Schematic ayst mocTpoeHnst pa3HOCTHON CETKH.

& A: Fluid Flow (FLUENT) - DesignMadeler = | B |

File Create Concept Tools View Help

|

| B || Dunde GRedo [|select [y T~ | R B[R @ &~

W~ M- A fr A~ A A X7 [|S$aaaE@a i+t m
| xpiane v A | sketen - X
|

|

4

’Generate @ Share Topology Parameter;

B Extrude  ghaRevolve @ Sweep 4§ Skin/Loft H B Thin/Surface  § Blend ~ % Chamfer @ Point
Tree Outline B Graphics

E‘.,)*. K¥Plane -
i Jﬁ Sketchl

b

-"L
]
z
&
3
m

m

-.,@ 1 Part, 1 Body

Sketching  Modeling L

Details View n

[=| Details of SurfaceSkl

Surface From Sketches Surfaceskl
Base Objects 1 Sketch
Operatloh Add Material 0000 1.000 h'
Orient With Plane Normal? | Yes " :

Thickness (>=0) 01m i i

4

Model View | Print Previewl
@ Ready |No Selection Meter F'U—/ﬂ

Puc. 1.16

1.4.2. Ilocmpoenue cemku

Cetka Oynet coctosTh U3 500 3:1€MEeHTOB, B ITPOIOIEHOM HAIPaBICHUN
BeIOHpaeM 100 371eMeHTOB, a B IOMIEPEYHOM 5 IIEMEHTOB.
1) B Workbench nmBaxxmel xnmmkaem mo Mesh. Ilpu stom 3amyckaercs
mporpamma Meshing, puc. 1.17.
2) Cerky MOXHO CO3[aTh JBYMsS CIOCOOAMHU: a) IEPBBIA — KIMKHYTh
npaBoi KHOIKOM MbImH 1o Mesh B manenn Outline 1 B KOHTEKCTHOM
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MeHIo BbIOpaTh Generate Mesh, puc. 1.18; 0) BTOpoii — KIMKHYTH B
CTpOKE MHCTPYMEHTOB, HAXOAMICHCS O TIIaBHBIM MeHI0 Ha Mesh, a
3areM Ha Generate Mesh, puc. 1.19.

@ worksheet [ iy
Qo ime|0-

Outline

Project
] Model (A3)
BB Geometry
/3 Coordinate Systems
ST Mesh

Details of "Model”
=) Lighting
Ambient [0.1
Diffuse |06
Specular |1
Color

0.000

Geometry { Print Previewg, Report Preview,

Association

Selection Information 2 x
J Coordinate System:  Glabal Coordi
No Selection

Press F1 for Help

[5® No Message [No Selection [Metric (m, kg, N. 5, V. &) Degrees /|

Puc. 1.17

() A: Fluid Flow (FLUENT) - Meshing [ANSYSICEM CFD] |

| File Edit View Units Tools Help ||| % Generate Mesh tH
THE- -RREE @S ARQE

F Show Vertices #2Wireframe | M Edge Coloring v A~ /

Mesh % Update | @Mesh v B Mesh Control v | ililciric G
Project
- @ Model (A3)
& /& Geometry
-k Coordinate Systems
B Insert 4
¥ Update
EdcenerateMesn |
Preview »
Show 4

# Create Pinch Controls

] Clear Generated Data
b Rename

Start Recording

Puc. 1.18
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3)

4)

5)

@ A Fluid Flow (FLUENT) - Meshing [ANSYS ICEM CFD]

J File Edit View Units Tools Help |J| ¥ Generate Mesh 1@
TR -REAERE @S5 P & Q|C
J P’ Show Vertices &% Wireframe | .Edge Coloring = A~ 4
JME5h “’Update | @ Mesh + ®Mesh Control ¥ | it etric ¢

Outline kdGenerateMesh ||}

Project ¥ Preview Surface Mesh

£ & Model (A3)| ¥ Preview Source and Target Mesh
,,lﬁj Geometry
[,k Coordinate Systems

o v,@ Mesh

Puc. 1.19

Pesynmerat OyAer BHITIAACTD CIICAYIOMIAM:

[Janee npumenstor criinb Mapped Face Meshing. UToOb! BKITIOUNTH
3TOT CTWJIb BBINOJHAIOT TIocienoBaTeabHocTh Mesh  Control—
Mapped Face Meshing, puc. 1.20.

3areM KIHMKAIOT I10 T€OMETPUYECKON 00IacTH, MOCIe Yero OHa OKpa-
LIMBAETCs B 3€JI€HbIN 1BeT: Eciau 3TOro He NpOUCXOAUT, TO CIENYET
KIMKHYTH 10 GuiasTpy Face @, HaxOAAIICHCS Ha MaHEeI HHCTPYMEH-
toB. ITocie storo kiukatot Apply Ha manenu Details of “Mapped Face
Meshing”, puc. 1.21, mocne yero nanens NpUHAMAET BUI, puc. 1.22, a
reoMeTpHUUecKas 00JIaCTh OKpAIIMBAETCS B (DHOJIETOBBIA LBET U MPH-
HUMaeT By, puc. 1.23.
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@ A Fluid Flow (FLUENT) - Meshing [ANSYS ICEM CFD]

File Edit View Units Tools Help |H ¥ Generate Mesh [@ [

THR RARBE( S-S q @]

A Show Veertices &2 Wireframe | .Edge Coloring = A~ S~

|Mesh % Update | ®Mesh v | Mesh Control v | ilikvetric Grap

QOutline B Method
Project & Mesh Group
=, Model (A3) @, Sizing

= Geometry . Contact Sizing

-, B Surface Body

2k Coordinate Systems

£ Refinement

-8 Mesh E Mapped Face Meshing
A Match Control
& Pinch
A Inflation
M Sharp Angle
M Gap Tool
Puc. 1.20
Details of "Mapped Face Meshing” - Mapped Face Meshing n
=[Scope
Scoping Method Geometry Selection
Apply [ Cancel
= Definiti
Suppressed No
Method Quadrilaterals
|| Radial Number of Divisions | Default
Constrain Boundary No
Puc. 1.21

ol

Scope
Scoping Method ‘Geometry Selection
Geometry ‘1 Face

=l Definition
Suppressed No
Method Quadrilaterals
Constrain Boundary | No

= Advanced
Specified Sides No Selection
Specified Corners | No Selection
Specified Ends No Selection

Puc. 1.22
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L e ——

Puc. 1.23.
1.4.3. 3aodanue y3106 cemku Ha zpanuye odnacmu

1) Kemaemas ceTka mMeeT 3alaHHOE YHCIIO pa3OHCHUI BIONb paauaib-
HOTO U OCEBOro HampaBiaeHuid. [ 3ajaHusl OompeneneHHoro uucia
pazoueHuii crieayer ucnonb3oBaTh Edge Sizing. CHadvana 3amaauMm
9HCI0 pa30MeHul BAONHb OCEBOrO HampaBiieHHWs. i1 3TOro KiInuKaem
Mesh Control > Sizing kak mokaszano Hmxke, puc. 1.24. ITanens Details
of “Sizing” nmpuaumaer Buz, puc. 1. 25.

@ A Fluid Flow (FLUENT) - Meshing [ANSYS ICEM CFD]

| File Edit View Units Tools Help ||| % Generate Mesh (8 [
(TR -EREER &S5 T aa |
J 5 Show Vertices &2 Wireframe | .Edge Coloring ¥ A~ A~
JMesh ’Update | B Mesh ~ ‘& Mesh Control ~ ‘ alietric Grap

Outline & Method

Project % Mesh Group

= @l Model (2 o T
B/ Geometry . Contact Sizing

i v Surface Body | g Refinement
> Coordinate Systems

B¢ Mesh Bl Mapped Face Meshing
i [ Mapped Face Met 8 Match Control
& Pinch
# Inflation
M Sharp Angle
M Gap Tool
Puc. 1.24
E|| Scope
Scoping Method Geometry Selection
Apply | Cancel
=) Definiti
Suppressed No
Type Element Size
Element Size Default
Behavior Soft
Curvature Normal Angle | Default
Growth Rate Default
Puc. 1.25
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2) Cnavana xnukaeM no ¢unstpy Edge @, KOTOpBI HaXOMHUTCS B
TIAHEJIN HHCTPYMEHTOB MO CTPOKOM MEHIO, (IOCTYH K 3TOMY QHIBTPY
MOXHO MOJYYUTh U Yyepe3 KOHTEKCTHOE MeHIO B cTpoke Cursor Mode).
3areM MOABIUM Kypcop K HIDKHEW TPaHHUIE NPSMOYrONbHHUKA, (OHA
IIPU 3TOM OKpacuTCi B 3€JICHBl HIBET), HA)KUMAEM JIEBYIO KHOIKY
MBIIIA, ¥ HE OIyCKas €€ INEPEBOAMM Kypcop K BEpXHEH IpaHulle
npssmoyroneHuKa. Ilocie 3Toi mpouemypsl o0e TpaHUIBl JAODKHBI
OBITH OKpaleHsl B 3eyeHbli nBet. Ilocne atoro ximkaem Apply Ha na-
menu Details of “Sizing”, puc. 1.25.

3) Ha manemu Details of “Sizing” B crpoke Type Beroupaem Number of
Divisions, puc. 1.26 u yctanaBnmmaem 3Hauenue 100, puc. 1.27.

Details of "Edge Sizing” - Sizing a
El Scope
Scoping Method |Geometry Selection
Geometry |2 Edges
El Definition
Suppressed No
Element Size e
Element Size Element Size
Behavior ber of Divisio
Curvature Normal Angle |Sphere of Influence
Growth Rate Default
Bias Type No Bias
Puc. 1.26
=l Scope
Scoping Method |Geometry Selection
Geometry |2 Edges
[=I| Definition
Suppressed | No
Type MNumber of Divisions
W Number of Divisions @I 1 | 4
Behavior Soft
Curvature Normal Angle | Default
Growth Rate Default
Bias Type Mo Bias
Puc. 1.27
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4) TIlpomenpiBaeM aHAJOTHYHYIO TpOUeAypy ¢ .l mo m.3 ms JeBoi u
MIPaBOI TPaHUII, C TOHM JHING pa3HUIECH, uTo B pasgene Number of
Divisions ycTaHaBIMBaeM 3Ha4YCHUE 5.

5) Ilone storo B crpoke MeHIo kinkaeM Generate Mesh. Ilocie Bcex BbI-
MIOJTHEHHBIX OMepaIyii OKHO mporpaMMbl Meshing OymeT BBITISACTH
CIEIYIOIMM 00pa3oM:

’mjA:Flmd Flow (FLUENT) - Meshing [ANSYS ICEM CFD] =[5 [ |

Mesh 4 Update | GpMesh = @ Mesh Control ~

B [ Model (a3) &@n@

<

Details of "Mesh” kS

)| Defaults * h\Geometry {Print Preview, I

) Sizing
| Inflation
=)| Assembly Meshing

Press FL for Help 50 No Message [No Selection Wetric (m, kg, N, 5, ¥, A) Degrees

File Edit View Units Tools Help
' Show Vertices &8 Wireframe | Il Edge Coloring ~ A~ A~ A~ A~ A~ A || |l Thicken Annotations T Show Mesh 24 Sho
4 Generate Mesh F8 [iib @)~ [Frworksheet in

FVYTER-HRREE [ @&-S4+aq a@ga o X = | O~

ATD Geometry
w2k Coordinate Systems
=4
A Mapped Face Mes
1 Edge Sizing
B, Edge Sizing 2

k..

I [ b 0.000 0,400 {rn)

Physics Preference CFD
Messages 2 x

Solver Preference Flu...|
£ [Text Association

Relevance 0

Method Mone
Patch Conforming Options

6)

Puc. 1.28

B pasnmene cratucruka manenu Details of “Mesh” (mpenBaputensHO
KITUKHYB Ha Mesh manenu Outline) MOXXHO BHIETH, YTO YHUCIIO dJie-
MEHTOB Mony4mioch He paBHoe 500. IIporpamMmma aBTOMaTHYIECKH ITO-
CTpOMJIA CETKY, OMUpasiCh HA MUHUMAJbHBIA pa3Mep Hiara BIOJb pa-
JMaJIbHOrO HampasieHus. UtoObl monyduth poBHO 500 37IeMEHTOB
cienyet B pasnene Behavior maneneii Details of “Edge Sizing” u De-
tails of “Edge Sizing 2” cmenuts 3HaueHue Soft Ha 3HaueHwe Hard.
[Mocne gero BemonHUTh Generate Mesh.
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1.4.4. Ilpuceoenue umen cpanuyam oonacmu

JleByto rpanmmy obmactu HazoBeM Inlet, mpaByro — Outlet, HIDKHIOIO —
Axis, Bepxuioro Wall. DTn mMeHa MPHUTOIATCS HA MOCIETYIONIMX IMarax
IIPYU IOCTPOCHUH MOJEIH ¢ TIOMOIIBIO mporpammsl Fluent.

1) BrIMONHUTH KUK MIPABOI KHOMKOH MBIIIU IO CBOOOIHOMY ITOJIIO, TIIE
HapHCcOBaHa 00JacTh C ITOCTPOeHHO ceTkoi. M3 crpoku Cursor Mode

BBIOpaTh (uasTp Edge @ ITogsecTn Kypcop K JIeBOM IpaHUIlE, KO-
IJ1a OHA OKPACUTCS B 3CJICHBIM IIBET, BBHITIOJHHUTH JICBBIH KIIMK MBIIII-
KOM, TIOCJI€ 3TOTO BBIMOJIHUTH MPABbIM KJIMK MBIIIKOW. B mosBuBiiem-
cs1 KOHTEKCTHOM MeHIo BEIOpath Create Named Selection, puc. 1.29.

2) TlosBurcs okao Selection Name, puc. 1.30, B KoTOpoe cleayeT BBECTH
Inlet. Haxxate OK. TlogoOHY¥0 omepariiio npoenaTh CO BCEMHU TpaHH-
[IaMH, BBOJIS COOTBETCTBYIOIINE NMCHA.

Insert 4
GoTo 4

¥ Generate Mesh On Selected Bodies Selection Name: X

<] Clear Generated Data On Selected Bodies

Enter a name for the selection group:

Parts 4
[inlef

@ Hide Body

Suppress Body @® Apply selected geometry
O Apply geometry items of same:

@ Isometric View

3 Set O Size
52 Restore Default
Zoom To Fit O Type i
O Location X

Cursor Mode 4 R

View » O LocationY
92 Look At O Location Z
sk Create Coordinate System
P& Create NamediSelection: ok | canel |
& Select All L J

Puc. 1.29 Puc. 1.30

1.4.5. Coxpanenue, 6v1x00, 06H081eHUE

1) Coxpannte npoexkr. File—Save project
2) 3akpoiite okHO Meshing. File— Close Meshing.
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3) Ilepeiinute B okHO Workbench u 00HOBHTE IPOEKT, HAXKAaB HA KHOIIKY

Update Project, ~ Update Project | yoropas maxomures oz CTpoKOi
MEHIO.

1.5. 3anmyck ANSYS FLUENT

Cxema Bamero mpoekta (Project Schematic) B Workbench nomxna
MMETh BHJI PUMEPHO TaKOU Ke, KaK moka3zaHo Ha puc. 1.31. [Ipu sTom Ha-
nporus Geometry u Mesh TOIKHBI CTOSITH TAIOUKH.

1) Ytobsl cumrats reomerpuio u cetky Bo FLUENT knnkHuTE mpaBoit
KHOITKOW MBIIIX 1O Setup ¥ B KOHTEKCTHOM MeHIo BbiOepure Refresh,
puc. 1.32.

2) Ilocne wero, ol knukaere Ha Update. B npaBoit wactu saeiiku Setup
JOJDKEH TOSIBUTBCS 3HAK BOINPOCA, KOTOPBIH O3HAYaeT, YTO IMPOLEce
elle He 3aBepIIcH.

3) JBaxnap! knukaKUTe Ha Setup. 3arpysurcs FLUENT Launcher.

4) B paszzmene Options nocraBbTe rajnouky psgom Double Precision, puc.
1.33.

5) Haxwmure Ha OK. FLUENT Oyner 3amymieH.

2 () Geometry v
3 @ Mesh v
1
4 Setup - =
car
5 Solution
6 6@ Resuis Import FLUENT Case >

Laminar| 33  Duplicate
Transfer Data From Mew 3

x A Transfer Data To New >
1
r ¥  Update
T
3i§R Mesh bl ‘ —
-q @' Setup ® . ﬂE Rename
.5 Solution T . Properties
6 @ Results 2 4
ick Hel
Laminar Fipe el
Puc. 1.31 Puc. 1.32
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B FLUENT Launcher (Setting Edit Cnly) (S e

Dimengion Options

i@ 2D [7]: Double Precisian;
30 [[] UseJob Scheduler

Dizplay Optionz Frocessing Options

Dizplay Mesh After Reading @ Serial

Embed Graphics ‘Windows i) Parallel

workbench Color Scheme
[7] Do not show this panel again

[ Show More Options

[ a8 ] [ LCancel ] [ Hep =

Puc. 1.33

Bo FLUENTe moxHO Oyner BbIOpaTh ypaBHEHUS M YCTAaHOBHUTH Kpae-
BbIE YCIIOBHS, COOTBETCTBYIOIINE pacCMaTpUBaEeMOM KpaeBol 3a1ade.

Pa6ouee okHo FLUENTa umeer Bua, moka3zaHHbIH Ha puc. 1.34.

B neBoit wacti pabouero oxna FLUENT HaxomsTcst TpM OCHOBHBIX
anemenTa: Problem Setup, Solution u Results. C moMompio 3THX 3IeMEHTOB
HACTPaMBAIOT (PU3WIECCKYIO MOIETh, BEIOMPAIOT METOMA peIIeHus, obpabda-
TBHIBAIOT PE3YNIBTATHI PEIICHNS 3a7a4ul. B mpaBoil 4acTh OKHA PaCHON0KEHBI
naHenb rpadUKy W MaHedb KOMaHA. B BepxHeW yacTH HaxOAWTCS CTpPOKa
MEHIO, Yepe3 KOTOPYIO OCYIIECTBIISIETCS OCTYII KO BCEM 3JIEMEHTaM MaKeTa
FLUENT.
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! B:Laminar Pipe (mesh2) FLUENT [axi, pbns, lam] [Fluentma_

1.5.1. Ilpoeepka u uzobpaxcenue pasHoCMHOU cemKu

File Mesh Define Solve Adapt Surface Display Report Parallel View Help
7 n L [T 7 ¥
j% d-@me Saa s eilnmyo-)
. 1: Mesh
Problem Setup Run Calculation =
G |
e [ Check Case... ] | Preview Mesh Motion... |
Models
| Materials i )
| Phases Mumber of Tterations Reporting Interval
Cell Zone Conditions | 1000 &) | 1 %
Boundary Conditions
Mesh Interfaces Profile Update Interval
Dynamic Mesh E]
I Reference Values
Solution [ Data File Quantities... ] | Acousticsignals... |
Solution Methods
| Solution Controls [ s ]
Manitors Siars
Solution Initialization
Calculation Activities
n Calaulation
Results
Graphics and Animations
Flots
Reports esh
1111
1111
Puc. 1.34

CHavana HeoOX0JUMO IIPOBEPUTH PA3HOCTHYIO CETKY, YTOOBI yOEIUTh-
cs1, 9TO OHa ObLIa MpaBHIIBLHO MIopTHpoBana u3 Workbench.
1)  Jlnst moydeHust CTaTUCTHKH O CETKE Yepe3 CTPOKY MEHIO BBITIOIHUTE

cnenytromue aerictBust Mesh—Info—Size.
2) Ha nanenu KOMaH7 MOSBUTCS HH(OPMALS O ceTke, puc. 1.35.
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3)

4)

Mesh Size

Level Cells Faces Hodes Partitions
a LA 1185 686 1

1 cell zone, 5 face Zones.

Puc. 1.35.

Cerka conepxur 500 snementos, kotopsie B0 FLUENTe Ha3bIBaroTCs
staeikamu (cells).
Janee HEOOXOAUMO MPOBEPUTH CETKY Ha HAJHYUE OMIMOOK, IVl Yero
Yepe3 MEHIO ciiefyeT BhIMoaHuTh KomaHay Mesh—Check. Ha manenn
KOMaH]I HOSBUTCA HHpopmanws, puc. 1.36.

Hesh Check

Domain Extents:
#-coordinate: min (m)
y-coordinate: min (m)

Uolume statistics:
minimum volume (m3): 1.0085309e-0%
maximum volume (m3): 9.04783he-04

total volume {(m3): 2.51327he-01
minimum 2d volume {m3): 1.599998p-03
maximum 2d volume (m3): 1.60800%e-03

Face area statistics:
minimum face area (m2): 2_A0A000e-A2
maximum face area (m2): &.000040e-02

Checking mesh..... .. ... cauinaaaans

Done.

8 .000000e+00
1.000000e-081

0.000000e+00, max (m)
0.000000e+008, max (m)

Puc. 1.36

OtcyrcTBHE cOOOmIEeHNsT 00 OmMOKe OyneT TOBOPUTH O TOM, YTO Pa3-
HOCTHAs1 CeTKa OblIa IMIIOPTUPOBAHA TPABUIIBHO.

Jns n3o0pakeHUs ceTKd B TpaUuIecKOM OKHE CIIeyeT B pasieic
Problem Setup, xoTOpbIf HaXOMUTCS B JIEBOM 4acTH pabO4ero OKHa,
BbIOpaTh General, 3aTem kimMkHYTh 10 KHOMKe Display. TTostBuTCSt OK-
HO Mesh Display, puc. 1.37.
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A:laminar Pipe FLUENT [axi, pbns, lam] [FluentLM]

File Mesh Define Solve Adapt Surface Display Report Parallel View Help

Problem Setup
faeneral
Models
Materials
Phases
Cell Zone Conditions
Boundary Conditions
Mesh Interfaces
Dynamic Mesh
Reference Values
Solution
Solution Methods
Solution Controls
Monitors
Solution Initizlization
i Calculation Activities
Run Calculation
Results
Graphics and Animations
Plots
Reports

5) B pasmene Surfaces okna Mesh Display BeIOpaTh Bce nmerommecs
3JIEMEHTHI (MMEHa MOBEPXHOCTEH) M HaXkaTh KHOIKY Display. B rpa-

Er U MmO SRR 2 & -0

General

esh

[ Scale... ] l Check ] lR.epcrt Quality ]
Solver

Type EE| Mesh Display

(@) Pressure-Bas

() Density-Bases Edge Type Surfaces
@ all axis
Ti Feature | (22
"E‘I;beady 8 Outline interior-surface_body
(7) Transient Partitions
Shrink Factor  Feature Angle
Surface Mame Pattern
Felo
Surface Types @ E]
Outline | [Interi axis i
exhaust-fan
fan a2
[ Display ] [Colorsu.] [ Close ] [ Help ]

Puc. 1.37

(rueckoM OKHE OyJIeT OKa3aHa Pa3HOCTHAS CETKa.

6) ua mepeMerieHuss W300pakeHUs] PACUCTHOW OONACTH M PA3HOCTHOMH
CETKH CIIEAYeT KIUKHYTH 10 W300pPa’KEHHIO C JICBOM KHOIIKYA MEBIIIH U,

yIepXKuBas ee, IIePEMECTUT Kypcop B TpeOyeMoe MeCTO.

7)  Jns yBennueHus M300pakeHHs CIENyeT KIMKHYTh CPEIHEH KHOIKOM
MBIIINA B BEPXHHUH JIEBBIN YroJl ydacTKa H300paKeHUs U, YAECPKUBAsK e
MIPOBECTH KypCOpP B HIDKHHUI NPaBBIi yroa n3o0pakeHus. KHOIKy oT-

IIyCTUTD.
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8) Jlns ymeHslueHHs M300pa’keHHS HANO BBHITOJHWUTH JIEHCTBUS MOZO0-
HBIE 1.7, TONBKO CIEAYEeT IPOBOIUTH KypCOPOM M3 HIDKHETO IIPAaBOr0O
yri1a u300pa’keHns B BEPXHUH JICBBIH yroJl.

1.5.2. Buecenue 0anHbix 8 peuwiamens

1) 3amaem ocecMMMeTpUYHYyI0 reomerpuio obmactu. B pasmene Gen-
eral»>Solver—2D Space.
2) Bribupaem Axisymmetric, puc. 1.38.

! A:Laminar Pipe FLUENT [axi, pbns, lam] [Fluentm;_
File Mesh Define Solve Adapt Surface Display Report Parallel
: - s w [OF z ¥
B-Hd-EOSEAQ e ErO-
Problem Setup General
m Mesh
Models
Materials [ Scale... H Check ][F‘.eport Qualityl
s
D
Cell Zone Conditions isplay
Boundary Conditions Solver
Mesh Interfaces
Dynamic Mesh Type Velodity Formulation
Reference Values (@) Pressure-Based (@) Absolute
Salution () Density-Based (") Relative
| Solution Methods
Solution Controls E 2D Space
Monitors @ Steady
L ) o () Transient (@ Axisymmetric
Solution Initizlization ]
Calculation Activities = m
Puc. 1.38

3) VYcranaBnmBaeM MOJEINb BSI3KOIO JJaMHHApHOro TedeHus:: Mod-
els—Viscous-Laminar—Edit. Otkpoercst okHo Viscous Model, B ko-
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TOopoM BbIOMpaeM 3HaueHne Laminar, puc. 1.39. Kimkaem OK. (Ilo

ymomuanuio, Bo FLUENTe BeiOpana ormmst Laminar).

File Mesh Define

Solve

Adapt Surface Display Report Parallel

E H-mO SRR A @ e

Problem Setup

General

Materials

Phases

Cell Zone Conditions

Boundary Conditions

Mesh Interfaces

Dynamic Mesh

Reference Values
Solution

Solution Methods
Solution Controls
Monitors

Solution Initislization
Caleulation Activities
Run Calculation

Models

Models

Multiphase - Off
Energy - Off

Viscous - Laminar
Radiation - Off

Heat Exchanger - Off

Species -
Disgetej! Viscous Model
Solidifica
Acoustics:

=22

Mode!

) Inviscd

Laminar

Spalart-Almaras (1 egn)

(") k-epsilon (2 egn)

7 k-omega (2 eqn)

Transition k4d-omega (3 egn)

Transition 55T (4 egn)

Results € Reynolds Stress (5 eqn)
Graphics and Animations () Scale-Adaptive Simulation (SAS)
Flots
Reports [ ok | [cancel] [ Hep |

Help
Puc. 1.39
r ™
B nergy S
Energy
|:| Energy Equation

Lok |

Puc. 1.40
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4) OrtkmrouaeM ypaBHeHue sHeprum: Models—Energy—Edit, puc. 1.40.
B Hamem ciydqae ypaBHEHHE 3HEpIruu pemarth He Tpedyercs. [loatomy
HakumaeM Ha Cancel.

1.5.3. 3aoanue ceoiicme rncuoxkocmu

CBO¥iCTBa KHUIKOCTH OBLUTH YKa3aHBI IIPHU MIOCTAHOBKE 3aa4H.
1)  [nst co3maHust )KUAKOCTU C TAKUMH CBOHCTBAMU BBIITOJHSIEM CIICAYIO-
e aeticteus: Materials—Fluid—Create/Edit, puc. 1.41.

E—A:Laminar Pipe FLUENT [axi, pbns, lam] [Fluent|

File Mesh Define Solve Adapt Surface Display Report Parallel !

w-d-@mofSEAQs[aimEO-

Problem Setup Materials
General Materials
| == i |
Juaterial air
Phases Salid
Cell Zone Conditions aluminum

Boundary Conditions

Mesh Interfaces

Dynamic Mesh

Reference Values
Solution

Solution Methods

Solution Controls

Manitors

Solution Initizlization

Calculation Activities

Run Calculation
Results

Graphics and Animations

Plots

Reports

[ Create [Edit... ] | Delete

Puc. 1.41
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2) B nosBHBIIEMCS OKHE YCTAHABIMBAEM ILIOTHOCTH 1 KI/M’ H BS3KOCTH
0.002 xr/(m-cek), puc. 1.42.

.
BB Create/Edit Materials [
Name Material Type Or?er Materials b
| ar [ﬂu\d ';?f L
N | : () Chemical Formula
Chemical F
e Fones FLUENT Fhid Materials
[ ] FLUENT Datsbase...
air -
Miscture User-Defined Database...
i nong
Properties
-
Density (ka/m3) [mnsiant v] Edit... i
| 1
Viscosity (kg/m-s) [constant v ][ Edt...
| 0.002
[ChangefCreah& ] [ Delete ]
\
Puc. 1.42.

3) Kimxkaem knonky Change/Create, 3atem Close.

1.5.4. 3aoanue zpanuunsix ycnosuii

Mo ycioBuio 3aa4n HEOOXOIMMO 3aJaTh YCJIOBHUS Ha YETHIPEX IPaHHU-
nax:
1) 3amaem ycnoBust Ha BxoAHoW rpanune: Boundary Conditions—Zone
(Inlet)—Edit, puc. 1.43. ABTOMaTHYECKH MPOU30UIET BHIOOp 3HAUC-
Hus velocity-inlet B pazgene Type.
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A:Laminar Pipe FLUE axi, p amy] [Flu

File Mesh Define 5Solve Adapt Surface Display Report Parallel  Yie

BrHd @@ cEaa s @fE-0o-)

Problem Setup Boundary Conditions
General Fone
Models e
Materials
Phases interior-surface_body
Cell Zone Conditions outlet

wal

Mesh Interfaces

Dynamic Mesh

Reference Values
Solution

Solution Methods
Solution Controls
Monitors

Solution Initialization
Calculation Activities
Run Calculation

Results

Graphics and Animations | Phase 0
I Plots |mix1J_|re v| velocity-net | |?

Reports

p

[ Edit.. ][ copy.. |[Profies.. |
[ Parameters... ] [Dperaﬁng Conditions. .. ]
[Display Mesh] | Periodic Conditions... |

Puc. 1.43.



2)

B mnosBuBmemcs okae Velocity Inlet, puc. 1.44 BOupaem 3HaueHne
Velocity Specification Method pasasiM Components 1 ycraHaBIUBaeM
3HaueHne Axial-Velocity(m/s) paBasm 1.

B velocity Inlet |

Zone Name

| inlet

Momentum lThermaI] Radiaﬁon] Species] DFM ] Mult’phase] uDs ]

Velodty Spedfication Method lMagnimde, Mormal to Boundary ']

Reference Frame [Absoluhe vl

Velocity Magnitude {m/s) | 1 [consmnt VI
Supersonic/Initial Gauge Pressure {pascal) | 0 [consmnt vl

[ oK ] fcancel} [Help ]

3)
4)

5)

6)

7)

9)

Puc. 1.44

Knnxaem OK n 3aKkpbIBaeM OKHO.

3amaeM ycnmoBus Ha BbIXOAHOW TpaHmme: Boundary Condi-
tions—Outlet—Edit.

3nauenne Gauge Pressure (pascal) ycranasnuBaem pasHoe 0. Knmka-
em OK.

3amaem ycnmoBusi Ha ocu cummerpun: Boundary Conditions—Zone
(axis). Mensiem 3Hauenune Type Ha axis, puc. 1.45. B mosBuBmeMcs
okHe Question kimkaeMm Yes, a B okHe Axis — Ha OK.

Kax moxnOo Bumers 30Ha wall umeer 3nauenue Type paBHoe wall. Ec-
JIU 3TO HE TaK, TO HeoOxomumo mmon Type BEIOpaTh 3HAUCHHE paBHOE
wall.

IMocne 3amaHust HACTPOEK, COXPAHUTE MPOEKT Yepe3 CTPOKY MEHIO
File—Save Project.
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1.5.5. Bwioop paznocmnoii cxemol

Jlna perneHust MMOCTAaBICHHOM 3aJaddl Mbl OyJeM HCIIONb30BaTh alro-
putm SIMPLE merona Ilatankapa, ¢ MpHBIEYEHHEM CXEMBI BTOPOTO IO-
psAAKa TOYHOCTHU JUIL KOHBEKTUBHBIX WICHOB B YPaBHEHUU COXPAHEHHS UM-
IIyJbCa.

! ALlaminar Pipe FLUENT Eaxl, p!nsr iami i%‘uerﬁm_

File Mesh Define Solve Adapt Surface Display Report  Parallel Vi

S H-@m@ S([PaR s @ E.0-

Problem Setup Boundary Conditions
General Zone
Hodek S
Materials inlet
Phases interior-surface_body
Cell Zone Conditions outlet

Boundary Conditions] wall

Mesh Interfaces

Dynamic Mesh

Reference Values
Saolution

M| Solution Methods
Solution Contrals

"l Monitors

i Solution Initialization
Caloulation Activities
Run Calculation

l Results
Graphics and Animations | Phase D
Plots |mixb_|re - ||| axis vl|5
Reports
[ Editae: ] [ Copy... ][Proﬁles... ]
[ Parameters... ] [Dperating Conditions...]
[Displa‘«I Mesh... ] | Periodic Conditions... |
Puc. 1.45
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Jla BBIOOpa Pa3sHOCTHBIX CXEM HCTIONb3yeTrcs pasnen Solution. Yo6emu-
Tech, 4TO B moxpasnene Solution Methods ycraHoBieHbl 3HaYCHUS, MOKaA-
3aHHbBIE Ha puC. 1.46.

ii FA:laminar Pipe FLUENT [awm, pbns, lam] [Humtﬁi

File Mesh Define 5Solve Adapt Surface Display Report  Parallel  Vie

ErH-mO S[EAaa s @ ne-o-

Froblem Setup Solution Methods
General ‘essure-Velodty Coupling
Models
Materials Scheme
Phases |sipLE -]

Cell Zone Conditions

Boundary Conditions Spatial Discretization

Mesh Interfaces Gradient o
Dynamic Mesh
Reference Values LLeast Squares Cell Based vl
ressure
Solution
[Siﬁndard v]
olution Methods| Mamentum
Solution Controls
Monitors \[Semnd Order Upwind vy
Solution Initialization T~ -

Calculation Activities

| |
Run Calculation
Results
Graphics and Animations
o Transient Formulakion
Flots
Reports - |
I |_| Mon-Iterative Time Advancement
"] Frozen Flux Formulation
[ ] Pseudo Transient

[] High Order Term Relaxation

Puc. 1.46
1.5.6. 3adanue nauanvHbIX yca068uUil

1) B paszgene Solution Betbupaem Solution Initialization.
2) Mensem meton nHHIManm3anuy Ha Standard Initialization.
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3)
4)

Knnxaem va Compute from u BeiOupaem inlet.
Kiukaewm Initialize, puc. 1.47.

1.5.7. Hacmpoiika kpumepus cxooumocmu

FLUENT Brimaer mH(QOpMAIMIO O HEBA3KE IS KaXIOTO PEIIacMoro

ypaBHeHHs. HeBsizka sIBIsieTCSl MEpOH TOTO, HACKOJIBKO XOPOIIO TEKyIIee
pelIeHre YAOBJIETBOPSET AUCKPETHOH (opMe OCHOBHOIO ypaBHEHHS. Mbl
Oyznem uTepupoBaTh KaX10€ ypaBHEHHE O TEX IOp, IIOKa HEBs3Ka HE yIia-
ner ke 10°. J{ns 3aaHust KPUTEPHs HEBA3KU BBIOTHAEM CIEIyIONIIE
IEUCTBUSL.
B paznene Solution Betonpaem Monitors.

B pa3gene Monitors BeiOupaem Residuals, u qanee skmem kaonky Edit,

1)
2)

3)

puc. 1.48.

B mosiBuBmemcst okae Residual Monitors n3Mensiem 3HaueHuss Abso-
lute Criteria, pacrionoxeHHsle HanpoTuB cTpok Residual amst continui-
ty, x-velocity, y-velocity, va 10 puc. 1.49.

f|li A:Laminar Pipe FLUENT [axi, pbns, lam] m

File Mesh Define Solve

Adapt Surface Display Report Parallel Vie

Br-d-@esHeasielnEro-|

Solution

Problem Setup Solution Initialization
General Initialization Methods
Models —
Materials
Phases
Cell Zone Conditions from
Boundary Conditions
Mesh Interfaces L33 Bl |
Dynamic Mesh

Reference Values

Solution Methods
Solution Controls

Reference Frame

lative to Cell Zone
solute

Initial Values

Monitors
Kolution Initialization]
Calaulation Activities
Run Calculation

Results
Graphics and Animations
Plots
Reports

Gauge Pressure (pascal)

|0

Axial Velodty (m/s)

|1

Radial Velodty (m/s)

|o

[initaice) Patchnn

Puc. 1.47
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File Mesh Define S5Solve Adapt Surface Display Report  Parallel

Er-Ed-@E@

cEaas|e@inE-o-

Problem Setup

General

Models

Materials

Phases

Cell Zone Conditions
Boundary Conditions
Mesh Interfaces
Dynamic Mesh
Reference Values

Solution

Solution Methods
Solution Contraols
Solution Initialization
Calculation Activities
Run Calculation

Results

Graphics and Animations
Flots
Reports

Monitors

Residuals, Statistic and Force Monitors

Residuals - Print, Plot
Statistic - Off

[create ~| Edit... | | Delete |
Surface Monitors

[Create... | [Edit... | [Delete |

Volurne Monitors

create... | |Edit... | [Delete |

Puc. 1.48
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2 Residual Monitors lﬁj

———
Options Equations
Fe i EmEre Residual ) Monitor Check Convergence it =
Plot continuity | 1e-06
Window

m

. x-velodty T

[t=06

(=]
= I . y-velodty T . le-06
Iterations to Plot v
1000 % Residual Values Convergence Criterion

[CINormalize Tterations [m—']

5 | 5 i
Tterations to Store

=
1000 Scale

[ compute Local Scale

[ OK. ] [ Flot ] [Renormalize] [ Cancel ] [ Help

Puc. 1.49

1.5.8. Pacuem ko3ppuuuenma mpenus

Koa¢ppuument TpeHus XMAKOCTH Ha TMOBEPXHOCTH ONPEAEISeTCS IO

F
dopmyie: C b= —i. 3nech A,p — IUIOMA[b LIIMHIPUYECKOH
1 :
2 pre/ re/Are/
MOBEPXHOCTH KaHasa, V., — CKOPOCTh IOTOKA HA BXOJAE B KaHAN, Do —

IUTIOTHOCTD JKUAKOCTH, F)p — CHJIa TPEHUs Ha MWIMHIPUICCKOH ITOBEPXHO-

ou
CTH KaHaa, f w— do . s HaxoxaeHns Ko3hQuImenTa TpeHus: Heoo-
on

XOIMMO BBIIIOJHUTH CIICAYIOUINE ICHCTBHS:

1) B paszgene Solution Betoupaem Monitors.

2) Ilom oxHom Residuals, Statistic and Force Monitors >xMeM KHOIIKY
Create 1 B BeIIIagaronieM okHe BeionpaeM Drag, puc. 1.50.
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3)

4)

5)
6)

| ! A:Laminar Pipe FLUENT [axi, pbns, lam] [FIuentLM]_

File Mesh Define Solve Adapt Surface Display  Beport  Parallel

Br-Hd-@OSEARQ @ AEO-

| Results

Problem Setup Monitors
General Residuals, Statistic and Force Monitors
MOdEI.S Residuals - Print, Plot
Materials Statistic - Off

Phases

Cell Zone Conditions
Boundary Conditions
Mesh Interfaces
Dynamic Mesh
Reference Values

create v | [Edit... | | Delete |

Solution Drag...
Solution Methods Lift...
Solution Controls
Monitors Moment...
Solution Initialization
Calculation Activities

Run Calculation

(create... | [Edit... | [Delete |

Puc. 1.50

B nosBuBmemcs okHe Drag Monitor B paszaene Options ycTaHaBIHBa-
em ranouky HarmopTtuB Print to Console. D10 o3Hadaer, yTO 3HaYEHHUE
Ko3¢dunreHTa TpeHus OyeT BEIBOIUTHCS B OKHO KOHCOJIH.
VYcranaBnuBaeM ranouky HamporuB Plot. Ilpu stom okHo Window
OyzneT akKTMBHPOBAHO M 3HAYCHHE B OKHE OyIeT M3MEHEHO Ha 2, YTO
O3Hauaer, 4to OymeT co3maHo 2-e¢ rpaduaeckoe OKHO, B KOTOpoe Oy-
JIET OCYIIECTBIIATHCS BBIBOA KOG HUIMEHTA TPEHHUS.

B oxne Wall Zone Bsibupaem wall, puc. 1.51.

3axpsiBaeM okHO Drag Monitor, HaskaB OK.
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r

MName

‘cd—l

Options

Print to Console
[V]¥ink

Window

’27 % [Curves...“ AXES... ]
[ write

File: Mame
” cd-1-history |

|:| Per Zone

Farce Vector

X ¥ Z

E ° °

=

wall Zones E] E]
bl |

[Save QOutput Parameter... ]

[ oK ] [ Flot ] [CIear] [Canoel] [Help ]

s _a a

— S — —_— e —

Puc. 1.51

Pref -

1)
2)

3)

. s sToro BeIOMpaem pasmen Reports, mamee — Surface Integrals, Ha-

s)kumaeMm kHotiky Set Up, puc. 1.52.

B nosBuBmemcst okae Surface Integrals, B pasmene Report Type BbI-
O6upaem Area, a B pasgene Surfaces BeiOupaem wall. )Kmem kHONKy

Compute.

B oxne Area (m2) mosBUTCSA 3HAYEHWE IUIOMIAIN LHIHHIPHICCKON
MTOBEPXHOCTH, KoTopas mMeeT ums wall, puc. 1.53. 3DTo e 3HaucHHE

— — —_— — ——

Oyzner HaredataHo B komaHnaHoM okHe FLUETa, puc. 1.54.
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! A:laminar Pipe FLUENT [axi, pbns, lam] [Humtagﬁ

File Mesh Define 5Solve Adapt Surface Display Report  Parallel

B-d-@eisEaasi@ i fg-oO-

Problem Setup

General

Models

Materials

Phases

Cell Zone Conditions

Boundary Conditions

Mesh Interfaces

Dynamic Mesh

Reference Values
Solution

Solution Methods

Solution Controls

Manitors

Solution Initialization

Caloulation Activities

Fun Caloulation

Results

Graphics and Animations
Flots

II'

Reports

Reports

Fluxes
Forces
Projected Areas - Unavailable

Volume Intearals
Discrete Phase:
Sample
Histogram
Summary - Unavailable
Heat Exchanger - Unavailable

[Set Up... ] [Parameters...

Help

Puc. 1.52
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4)
5)

6)

T = bl
[ surface Integrals n - g @

Report Type Field Variable
Area v] |Pressure... - |
Surface Types BE |Static Pressure - |
axis -
dip-surf D Phése
exhaust-fan ||"'"><'foE i |
fan Surfaces EE
Surface Name Pattern ;T:t
interior-surface_body
Match outlet
Area (m2)
[Sa\re Output Parameter... ] | 25548
[ Wirite... ] [ Close ] [ Help ]
Puc. 1.53
Area {m2)
wall C.B26548),
Puc. 1.54

Kommpyem 3HaueHne miomaan MOBEepXHOCTH. 3aKpbIBaeM OKHO Sur-
face Integrals, HaxxaB Ha kHOTIKY Close.

ITepexoaum B pa3aen Problem Setup. Beidbupaem nonpasnen Refer-
ence Values, puc. 1.55.

BcraBisiem ckonupoBaHHOE 3HAYCHHUE TUIOMIAN B CTPOKY Area (m2).
B crpoxkax Density (kg/m®), Velocity (m/s) 3anaem 3uavuerus 1.
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' ! Alaminar Pipe FLUENT [axi, pbns, lam] [FIuentLM]_

File

Mesh Define Solve  Adapt

Surface Display Report Parallel Vi

Brd-@esEFaaslinmE-o-|

Problem Setup

General

Models

I Materials

Phazes

Cell Zone Conditions
Boundary Conditions
Mesh Interfaces
Dynamic Mesh

Solution

Solution Methods

Solution Controls

Manitors

Solution Initialization

Calculation Activities

Run Calculation
Results

Graphics and Animations
Plots
Reports

Reference Yalues

Compute from

Reference Values

Area (m2) | 5.075548

Density (ka/m3) | 1

Enthalpy (j/ka) | 0

Length {m) | 1

Pressure (pascal) | 0

Temperature (k) | 255,16

Velodty (m/fs) | 1

Viscosity (kafm-s) | 0.002|

Ratio of Spedific Heats | 1.4

Puc. 1.55

1.5.9. Buvinonnenue pacuemos

[lepen BHITOMHEHHEM pPacYeTOB HEOOXOAUMO 33/1aTh YMCIO HTEPAIUiA.

Jast aToro
B pazzaene Solution Bei6epute Run Calculation.
B ctpoxe Number Iterations 3amafite grcio urepanuit 100.

1)
2)

3) Coxpanure npoekT, File —Save Project.
4) Haxwmure knonky Calculate, puc. 1.56.
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! A:laminar Pipe FLUENT [axi, pbns, lam] [FluentLi]

File Mesh Define

Solve

Adapt Surface Display Report Parallel

BrHd-@eSHEa @i E-O-|

Problem Setup

General

Models

Materials

Phases

Cell Zone Conditions
Boundary Conditions
Mesh Interfaces
Dynamic Mesh
Reference Values

Solution

Solution Methods
Solution Controls
Ml Monitors
Solution Initialization
Calculation Activities
Results

Graphics and Animations
Plots
| Reports

Run Calculation

[ Check Case... ] Preview Mesh Motion...
Number of Iterations Reporting Interval
|1[m| (=] |1 =
= =
Profile Update Interval
1 (=]
=

[ Data File Quantities. ..

Acoustic Signals...

[ Calculate

Puc. 1.56

5) Hes3ku Ha KaxOo# uteparuu OyIyT BEIBOAUTHCS B OKHO KOHCOJH U
CTPOWTHCS B BUJIC 3aBUCHMOCTEH OT HOMEpa UTEepalnH B rpaduaeckomMm

OKHE.

6) 3nauenue ko3¢ dunnenra tpeaus Cd-1 Oyaer BHIBEIEHO B OKHO KOH-
COJIM X IOCTPOCHO BO BTOPOM rpadudeckom okHe, puc. 1.57.
7)  Coxpanute npoekT, File —Save Project.
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0.4000
03750 -
0.3500
03250 -
03000
Cd 02750 -
0.2500
02250
0.2000

0.1750 o

0.1500

0 10 20 30 40 50 60 70 80 [0 100
Iterations

cd-1 Convergence History

Puc. 1.57

1.6. OOpadoTka pe3yJbTaTOB pacyeTa ¢ NOMOIILIO CPEACTB
FLUENTa

PesyneraTel pacdeToB MOKHO 00paboTaTh JTHOO C ITOMOIIBIO CPEICTB

BcrpoeHHbIX FLUENT, mm6o ¢ nomompio ANSYS nocrnponeccopa CFD-
Post.

1)
2)

3)

4)

5)

1.6.1. TTocTpoeHue Mo BEKTOPOB CKOPOCTeii

B paznene Results Betoupaem nmoapasaen Graphics and Animations.

B okne Graphics BeiOupaem Vectors n sxmeMm knHonky Set Up, puc.
1.58.

B nosBuBmemcs oxHe Vectors, puc. 1.59. xxmem kHomky Display. B
rpaduaeckoM okHe OyIeT MOKa3aHo IMOJIe BEKTOPOB CKOPOCTEH.
[TpnbaM3uTh WM yBENNYNUTH N300pa)KEHNE MOXKHO ITyTEM BBIICIICHHS
MIPSMOYTOJIEHON 00J1aCTH, 3a)KaB CPEIHIOI0 KHOIKY MBIIIH, W ITPOBOS
KypcOpOM H3 JIEBOI'O BEPXHETO YIjla B HIKHUN MpPaBbId Yroi, puc.
1.60. ObpartHast onepanusi MO3BOJSIET OTNAINUTD MM YMEHBIIUTh N30-
OpakeHue.

JlimHa BEKTOpOB peryaupyercst Kod(pQUIMEeHTOM, CTOAIIMM B II0JE
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Scale oxna Vectors. [locie n3menenns 3HaueHus koddduimenra cie-
JIyeT HakaTh KHONKY Display.
6) 3axkpoiite okHO Vectors, HaxkaB Ha KHONIKY Close.

| A:Llaminar Pipe FLUEN

File Mesh Define Solve Adapt Surface Display Report Parallel

Br-d-mO)SEaa s @inE-o-

Problem Setup Graphics and Animations
General Graphics
Models Mozh
! Materials Contours
Phases
Cell Zone Conditions Pathlines
Boundary Conditions Partide Tracks
Mesh Interfaces
Dynamic Mesh
Reference Values
| | Set U
[ ssuton
Solution Methods o
"l Solution Controls Animations
Monitors Iriac
Solution Initialization SC‘IE”'? Animation mvback
Caladlation Activities Solution Animation Flayba
Run Calculation
Results
Flots
Reports SetUp...

Puc. 1.58
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e = i
B Vectors [
Options Vectors of
Global Range ['«'elm:ityI v]
Auto Range Color by
[ clip to Range -
Velodity...
Auto Scale [ oty b ]
Draw Mesh [Velocity Magritude -]
I Style in {myj's) Ia {myj's)
— - ||0.3342909 | || 1823145 |
Scale  SkKp e o BE
E 0 @ =
=] [jas
inlet
ector Options. .. interior-surface_body
outlet

Custom Vectors... wall

| Surface Name Pattern

| Match MNew Surface =

|
i Surface Types EE
ais -
i dip-surf
exhaust-fan D
|| fan i

1.92e+00
1.73e+00

1.54e+00

1.35+00 N N

1.15e+00 _— — s —

9.62e-01

. 7.69e-01 —
5.77e-01 —>
385001 —P

. 1.92e-01
0.00e+00

Velocity Vectors Colored By Velocity Magnitude (m/s)

Puc. 1.60
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1.6.2. Ilocmpoenue uzonunuii Mooyna ckopocmu

Jl1s ocTpoeHUsI N30IMHNI MOJYJIsl CKOPOCTH CIIEAYET BBIIIOJIHUTD Ta-

KHE JICUCTBHUS:

1) B paszzaene Results Betoupaem noapasaen Graphics and Animations.

2) B okne Graphics Beioupaem Contours u sxmeM kHotky Set Up, puc.
1.61.

3) B nosBuBmemcsa okae Contours B paszmene Contours of BeIOMpaem
Velocity u Velocity Magnitude. XKmewm knomnky Display, puc. 1.62.

4) B rpaduueckom okHE OyIyT M300paXKEHBI H30JINHUN MOAYJIS CKOPO-
ctu, puc. 1.63.

| A:Laminar Pipe FLUENT [a m] ]
File Mesh Define Solve Adapt Surface Display Report  Parallel

S Hd DO S AR 2@ e O

Problem Setup Graphics and Animations
General Graphics
Models Mesh
Materiss Cantous |
Phases Vectors
Cell Zone Conditions Pathlines

I Boundary Conditions Particle Tracks

Mesh Interfaces
Dynamic Mesh

. Tetference Values
olution

Solution Methods
Solution Controls
Manitors

Ml Solution Initialization

Animations

Scene Animation

calculation Activities Solution Animation Playback
I Run Calculation
Results
Plots
I Reports Eehlines
Puc. 1.61
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- —
Caontours l&]
= - - . . & - v
Options
[T Filled
[¥] Node Values
Global Range
Auto Range Min {mjs) Ma (mfs)
sl | [ clip to Range ” 0 | || 1.923104 ‘
[] braw Profiles
[C]Draw Mesh Surfaces EE
' axis
inlet
Levels Setup interior-surface_body
w2 [1 (2] [outlet
= =] |[wal
Surface Mame Pattern Mew Surface
Match
| [—] Surface Types @ E]
axis -
dip-surf
exhaust-fan D
fan v
[ Display ] [Compute] [ Clase ] [ Help ]
= — —
Puc. 1.62
1.92e+00
1.73e+00
1.54e+00
1.35e+00
1.15e+00
9.62e-01
. 7.69e-01
577801 /;'/
3.85¢-01
. 1.92e-01
0.00e+00
Contours of Velocity Magnitude (m/s)
Puc. 1.63
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KonmuecTBo MOCTPOESHHBIX M30IMHUA MOXHO M3MEHHTH, yYKa3aB Tpe-
oyemoe uncno (He Oomee 100) B mome Levels, mocie yero HaxkaTh
kHOTIKY Display.

ITone Momynst CKOpPOCTH MOXKHO TPEACTaBUTh B BUJIE 30H, B KOTOPBIX
MIPOCTPAHCTBO MEXIY N30IMHUSIMH OKpAIIEHO B ONPE/IEICHHBIN IIBET,
COOTBETCTBYIOIINI 3HAYEHUIO MOIYJIIO CKOPOCTH, yKa3aHHOMY Ha
IKaJe, PacroiIoKeHHON B JICBOM YacTH rpaduyaeckoro okHa. Jist 3To-
ro B okHe Contours B pazaene Options cieqyeT yCTAHOBUTH TAIOUYKY
psnom c Filled n Haxats Ha xHONKY Display, puc. 1.64. B rpaduue-
CKOM OKHE IOSIBUTCSI OKPAIIEHHOE I10JIE KOHTYPOB MOAYJISI CKOPOCTH,
puc. 1.65.

iﬁontours @ )

Options Contours of
V| Fill=d [Velodtv--- 'l
| Node Values : :
Global Range [\.l'eloaty Maanitude v]
Auto Range Min (s} Max (mis)
i Clip to Range | 0 1223104
[| praw Profiles
[C] Draw Mesh Surfaces EE
axis
inlet
Levels Setup interior-surface_body

[ Gt G Joute

Surface Mame Pattern
Match
Surface Types E] E]

axis
| dip-surf |

| »

exhaust-fan
fan i

[ Display [Compute] [ Close ] [ Help ]

Puc. 1.64
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1.92e+00
1.73e+00
1.54e+00
1.35e+00
1.15e+00
9.62e-01
7.69e-01
5.77e-01
3.85e-01
1.92e-01
0.00e+00

Contours of Velocity Magnitude (m/s)

Puc. 1.65

Solution
Solution Methods
Solution Controls
Monitors
Solution Initialization
Calculation Activities
Run Calculation

Results

Graphics and Animations

Laminar Pipe

File Mesh Define Solve Adapt Surface Display Report Parallel
: o o
‘B Hd-Ee| QR | @ LME-O-
Problem Setup Plots

General Flots

vodds

Materials Hlsbogam

Phases File

Cell Zone Conditions Profiles:

Boundary Conditions Profile Data - Unavailable

Mesh Interfaces Interpolated Data

Dynamic Mesh FFT

Reference Values
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1.6.3. Ilocmpoenue npogunsa ckopocmu Ha 6vIxo0e U3 KAHANA

1) B pasmene Results Beiompaem Plots. B mose Plots Beioupaem XY Plot,
puc. 1.66.

2)  XKwem kromky Set Up IMosButhest okHO Solution XY Plot.

3) B okne Solution XY Plot mactpanBaeM onuuu, Kak MOKa3aHO Ha pHC.
1.67.

- ]
B Solution XY Plot =z

¥ Axis Function

Direction Vector ']
% Axis Function)

[C] wirite to File |velcty. )

Order Points Axial Velocity V]

File Data BE i 28

[ Plot | [ AxeS... ] [Curves. = ] [ Close ] [ Help

Puc. 1.67

4) Haxumaem kHOnky Plot, B rpajguyeckom okHe Oynaer nzoOpaxeH
npodmite oceBoit ckopoctu. [lo ocu abemmec OyIeT OTIOXKEHa IIPo-
JIOJIbHAsT CKOPOCTh, @ TI0 OCH OpAMHAT — pagralbHasi KOOPIHMHATA, PHC.
1.68.

5) Hnsa Oonee HATISTHOTO TPEACTABICHUS MOTYYCHHOTO MPOQUIST CKO-
POCTH MOXKHO COCIMHUTH TOYKH JIMHUAMH. [[1s1 3TOoro B okHEe Solution
XY Plot, puc. 1.67, cnexyer HaxxaTh KHOIIKY Curves .

6) B nmossuBmemcs oxkae Curves - Solution XY Plot BeIOpaTh 3HaueHne
Pattern paznena Line Style, kak mokazano Ha puc. 1.69.
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Position
(m)

1.25e-01

1.00e-01

g

.
[ ]

7.50e-02

5.00e-02

I !

2.50e-02 —

0.00e+00

0 0.5 1
Axial Velocity (m/s)

15

Puc. 1.68
[ B curves - Solution XY Plot - &r
Curve # Line Style Marker Style
IT % Pattern Symbaol
Sample [_ vl [@ ']
Color Color
[
[foregrnund - l [Foregrnund - ]
Weight Size I
‘ 1 |n.3
[ Apply [Close ] [ Help ]
Puc. 1.69
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7)  Haxats xkHonky Apply. ITocne gero naxarts kHonky Plot B okue Solu-
tion XY Plot. B rpaduueckom okHe Oymer m300paXkeH IpOQIIIh mMpo-
JIOTBHOM CKOPOCTH Ha BBIXOZE U3 KaHaina, puc. 1.70.

—&—outlet

1.2%5e-01 4
1.00e-01

7.50e-02 ]
Position

™M e

2.50e-02 —

0.00e+00
0 05 1 15 2

Axial Velocity (m/s)

Puc. 1.70

1.6.4. Ilocmpoenue usmeHneHnusn 0aeneHusa 60071b OCU KAHANA

Jlna mocTpoenus rpaduka W3MEHEHHs JaBJICHUS BIOJIb OCH KaHaJa I10-
CTYMaeM aHAJIOTMYHO NPEABIAYIIEMY ITYHKTY.
1) Results—Plots—XY Plots—Set Up
2) HactpamBaem ommu okna Solution XY Plot Tak, kak mokaszaHo Ha
puc. 1.71.
3) Kwmewm kHomky Plot. B rpadguueckoM okHe OyaeT moka3aH TpeOyeMblit
rpaduk, puc. 1.72.
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& soclution XY Plot

Options Flot Direction Y Axis Function
Mode Values X1 ’Pressure. = v]
[¥] Position on X Axis [ - ]
|:| Position on Y Axis LA Static Pressure -
[ wirite to File X Axis Function
[] order Points Z ’Direcﬁon Vector v]
I File Data E] E] Surfaces EE
| Free Data | [New Surface » ]
Flot AxES... Close Help
1.40e+01 —
1.20e+01 —|
1.00e+01 |
8.00e+00
Static 1
Pressure 6.00e+00 |
(pascal) |
4.00e+00 |
2.00e+00 —
0.00e+00 T T T T T T T .l

1 2 3 4 5 6 7 8

Position (m)

Puc. 1.72
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1.6.5. Konmponv u nposepka peuwtenus

IIpn npoBeneHny pacuera Mbl KOHTPOJINPOBAIN 3HAUEHHUE HEBS30K IS
KaX10ro u3 ypaBHeHHH. [1o mOCTIKEeHNN BCeX HEBS30K 3HAUEHMS MEHbIIIE-
ro, uem 10°°, MBI TOJaTaEM, YTO MTEPALMOHHBII MPOIECC CONIENICS, M MBI
TIOTYYHIIN YUCIICHHOE pereHne. HeBs3ka, B TaHHOM citydae, sBIsIeTcsl Koc-
BEHHOH XapaKTepPUCTUKOW. MBI MOXeM YOSIWTHCS B MPAaBIIHBHOCTH peEIIe-
HUSI UCXOIHOM cucreMbl ypaBHeHni HaBbe CTOKCa, eciay mpoBEpHUM HHTE-
rpaJIbHOE BBHIITOJTHEHHE 3aKOHOB COXPAHEHUSI MACChI M MIMITYIIbCA.

VYpaBHEHHE HEPA3PBIBHOCTH, KOTOPOE OTPakaeT 3aKOH COXPaHEHHS
MAacchl, IMEET BHI;

orpU + orpV
Ox or

YMHOXHUM ypaBHEHHE Ha 2T, IpOUHTErpupyeM ero 1o » ot 0 1o R u mo
x ot 0 mo L. Ilpumenum popmyny ['puna:

j}27r orp¥ +8r_,0V xdr = fQTr (—rdex + erdr) =0.
0 0

0.

oz or

PacrincpiBast KOHTYPHBIA HHTETPAI MO TPAHUIE O0IACTH, TTOITYIUM

—] 27rrpV|7‘:0dz — jQﬂ'T‘pVL:Rd:L‘ + jQﬂ'erL:Ldr + jQﬂ'erL:Odr =0.
0 L 0 R

IlepBrie nBa cnaraembix oOpamatorcs B 0, T.K. 1 HA OCH CHMMETPHH, U
Ha CTEHKE, paJuaabHasi CKOPOCTb XKHUAKOCTH paBHa 0, TOraa momy4amum:

j271'r,0U I:Ldr — j27T7”,0U
0 0

OTO 03HAYAET, YTO VIS IIPOBEPKH 3aKOHA COXPAHEHHS MACCHI MBI JI0JIK-
HBl YOSIUTBCS B TOM 4YTO, CKOJBKO JKHIKOCTH B 00JIACTH BTEKJIO, CTOJIBKO
)K€ JIOJDKHO M3 Hee W BBITE€Yb. J[Jsl 3TOro BBINOIHUM CIIEAYIOUIYIO TIOCIIE0-
BaTenbHOCTH aAeicTBuil: Reports—Fluxes—Set Up, puc. 1.73. IlosBurcs
okHO Flux Reports, B koTropoM BbIaensieM rpaHUIlsl inlet u outlet u >xmMem
kHorky Compute, puc. 1.74. B mone Results mosBsaTcst 3Ha4eHNUsT TOTOKOB
Macchl (KI/ceK) Aisl KaKJoi rpaHunsl, a B moie Net Results — cymma atix
noTokoB. OOpaTuTe BHUMaHKUE HA TO, YTO IMOTOK MAacchl HA BBIXOJHOM rpa-
HHIE OTPHULATEIbHBIN, YTO TOBOPUT O BBITCKAHHHU JKUIKOCTH U3 OOJIACTH.

dr=0.

z=0
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WHrerpanbHylo onmmOKy pacyera MO Macce B MPOLECHTaX MOXHO ompere-
JUTh KaK OTHOLICHHWE CYMMBI NIOTOKOB Ha I'paHMIAX OOJACTH K IOTOKY Ha
BXO/IHOH rpaHuie, yMHOXeHHOe Ha 100.

: Azlaminar Pipe FLUENT [ax, pEns, iami igug Eﬁ

File Mesh Define Solve Adapt Surface Display Report Parallel

B H@ 0] S (PRR A& e O

Problem Setup

General
Models
Materials
Phases
Cell Zone Conditions
Boundary Conditions
Mesh Interfaces
Dynamic Mesh
Reference Values
Solution
Solution Methods
Solution Controls
Monitors
Solution Initizlization
Calculation Activities
Run Caloulation
Results

Graphics and Animations
Flots

parts|

Reports

Reports

Forces
Projected Areas - Unavailable
Surface Intearals
Volume Integrals
Dizcrete Phase:
Sample
Histogram
Summary - Unavailable
Heat Exchanger - Unavailable

[Set Up... ] [Parameters... ]

Help

Puc. 1.73
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[ Flux Reports R ﬁ
= P

Options Boundaries [E] [E] Results

(@) Mass Flow Rate
(0) Total Heat Transfer Rate inlet e
= _— interior-surface_bod
) Radlaton HeatTransFer Rate uuﬂet = -0,03141592815518373
Boundary Types @ E]
axis -
exhaust-fan
I fan D
inlet-vent &
F Boundary Name Pattern
| Match
i T 2
[Save Output Parameter. .. ] et Besults (ka/s)

f' J

[Write...] [ Close ] [ Help ]

Puc. 1.74

IIpoBeprM Temepb BBINOIHEHHWE 3aKOHA COXPAHEHUS HMITYJbCa IS
MIPOJONBHON KOMIIOHEHTHI BEKTOpa CKOPOCTH. YpPaBHEHHE HMITYJbca B
MIPOJOTEHOM HAIPaBIEHUHM MOXKHO 3aIHCaTh B BHIE:

0 ) oU 0 oU
— U"+P—p—||+— UV —u—| =0.
8xrp M@:L“ 8rrp “ar

IToBTOpSAA TE *e caMple IEUCTBHS, YTO MBI J€Tali C ypaBHEHHE HEpas3-
PBIBHOCTH, TTOJY4UM:

L 0
—f27rr pUV—ua—U dx—f27rr pUV—ua—U dz +
| or i or

r=0 r=R

0

R
—|—f27r7" pUz—i—P—ua—U dr+f27r7" pUz—i—P—ua—U dr=20
0 8x z=L R 8x =0
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ou
y‘lI/ITBIBaSI, YTO Ha BXOAC B KaHAJI W Ha BBIXOAC M3 KaHaJa 6— =0 , "
X

Ha MOBEPXHOCTH KaHana V=0, momy4nm:

0
f27r7" ua—U
" or ) _,

ITepBoe cnaraeMoe MOJY4EHHOr0 COOTHOIICHHUS NPEACTaBIAeT COO0U He
YTO WHOE, KaK CHIIYy TPEHHS KUIKOCTH O OOKOBYIO LIMJIMHAPUYECKYIO IIO-
BEPXHOCTh KaHalla, a IPYTrHe ABa — Pa3HOCTh OTOKOB MMITYJIBCA KUAKOCTH
Ha BBIXOJIC ¥ BXOJIC B KaHAJl.

E A:Laminar Pipe FLUENT [ax, pbns, lam] [HumtEﬁ

File Mesh Define Adapt  Surface

ErHd-@ @ SEAa s [elEro-

R
d. U +P
x—i—[Zm"(p + )

z—LdT_ ]2127r7"(pU2 + P)
a 0

dr=20
=0

Sohe Display Report Parallel

Cell Zone Conditions

Boundary Conditions

Mesh Interfaces

Dynamic Mesh

Reference Values

| Solution

Solution Methods

Solution Controls

Monitors

Solution Initizlization

Calculation Activities

Run Calculation
Results

I Graphics and Animations

Plots

i par

Problem Setup Reports
General Reports
MOdE|_5 Fluxes
| Materials
| Phases Projected Areas - Unavailable

Surface Integrals
Volume Integrals
Discrete Phase:
Sample
Histogram
Summary - Unavailable
Heat Exchanger - Unavailable

[Set Up... ] [ Parameters...

Puc. 1.75
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ﬂﬂﬂ HaXO0XICHUA CHIIBI TpEHUA

cienyer

BEHIIIOJTHUTH ~ Re-

ports—Forces—Set Up , puc. 1.75. B nosiBuBmemcst okae Force Reports
HACTPOUTH OIINH, KaK IMOKa3aHO Ha puc. 1.76, m Haxath KHONKY Print. B
OKHE KOHCONHU OyZIeT BhIBeIcHa MH(OpPMAIWS O CHiIe TPEHUS Ha OOKOBOU
ITOBEPXHOCTH, KOTOPOI MBI maiu ums wall, puc. 1.77.

JI1 HaxOXKJIeHUsI TIOTOKOB UMITYJIbCa Yepe3 BXOAHYIO U BBIXOIHYIO Tpa-
HUIBI CO3/IaAMM HOBYIO IIEPEMEHHYIO I1OJI Ha3BaHUeM impulse. [l 3Toro
yepe3 cTpoky MeHro BbimonHMM Define —Custom Field Functions, puc.

1.78.
-
8 Force Reports [—Khj
Direction Vector wall Zones B B
() Center of Pressure ¥ ’07
S
Wall Name Pattern
[ Print ] [Wrihe...] [ Close [ Help ]
h
Puc. 1.76
Forces
Forces (n})
Zone Pressure
wall (8 8 8) (8.39561415§0 B)
Net (0 08 8)

Forces - Direction Vector (1 @ @)
Forces (n})

(0.39561415 @ @)

Coefficients
Zone Pressure Viscous Total Pressure
wall a 83956115 8395614115 a
Het a 8.39561415 B.39561415 0]
Puc. 1.77
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r i 'ﬁ
! D:FLUENT FLUENT [axi, dp, pbns, lam] [FluentLM]

File Mesh |Define | Solve Adapt Surface

Display

%

Problem Setug

General
Models
Materials
Phases

Cell Zone C
Boundary C
Mesh Interf]
Dynamic Me
Reference Y

Solution

Solution Me
Solution Cor
Monitors
Solution Init
Calculation
Run Calcula

Results

Graphics an
Flots

poOr

General...

Models...

Materials...

Phases...

Cell Zone Conditions...
Boundary Conditions...
Operating Conditions...

Mesh Interfaces...
Dynarnic Mesh...

Mesh Morpher/Optimizer...
Mixing Planes...

Turbo Topology...

Injections...
DTRM Rays...
Shell Conduction Walls...

Custom Field Functions...

Parameters...
Profiles...

Units...

User-Defined

Puc. 1.78
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& Custom Field Function Calculator

Definition
| density * axial-velocity ~ 2 +p

[ " H o “ X “ / ”ynx”ms]SelectOperandFieIdFunctionsfrom

(2w ) Csn ) (oo ) (a0 ) (i (loga0] | Fild Functions

o)) () () 0 ) ) | Bresmeee )
G ) ) ) (i) | (StaticPressure )
O] o) | (st

[Manage... | [ Cose | [ teb |

Puc. 1.79

Otkpoercs okHo Custom Field Functions Calculator, puc. 1.79. B atom
OKHe ¢ oMol 3HaueHui nois Field Functions, knonku Select u KHOIOK
KaIIbKYJATOpa U CO3JacM BBIpaxkeHue density *axial-velocity™2+p, xortopoe
mosiButcs B mnone Definition, u 3ToMy BeIpaskeHHo B monie New Function
Name gaem nms impulse. JKmem xaonky Define. Jlanee BrImonHseM gercT-
Bust: Results—Reports—Surface Integrals—Set Up nosBurcs okHo Surface
Integrals. B atom okue B mone Reports Type Beioupaem Integrals. B mome
Field Variable Beibupaem Custom Field Functions u 3atem ums cozmaHHOMH
HamMu mepeMeHHoM impulse. B mone Surfaces BoiOmpaem inlet u outlet.
’Kmem knonky Compute, puc. 1.80.

B okHE KOHCOMNH MTOABATCS 3HAYECHHS TIOTOKA NMITYJIbCA Ha BXOJIE U BBI-
xoze u3 KaHana, puc. 1.81.

HaxoanMm pa3HOCTh MEXAY MOTOKAMHU MMITYJIbCA HA BBIXOJE W BXOJE B
kanain: 0.395444201. CpaBHUM NOMyd€HHOE H3MEHEHHE ITOTOKOB UMITYJIbCa
¢ cwioi, meiictByromeld Ha OokoByro moBepxHocTh 0.39561415. Bummwm,
YTO mOrpentHocTs He npeBocxoaut 0.04%.

3axpoiire FLUENT: File—Close FLUENT.
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-
! Surface Integrals

A D i —

Surface Mame Pattern

Report Type Field Variahle

[Integral vl ’Custom Field Functions... v]

Surface Types EE ’;mpulse v]

axis -

dip-surf D thase

exhaust-fan ||TI|><U-IFE - |
I

fan Surfaces EE

interior-surface_bod

‘ Match
Integral (pascal){(m2)
[Sa\re Output Parameter... ] | 8
[Cl::mpute] [Write...] [ Close ] [ Help ]
Puc. 1.80
Integral
impulse
inlet 0.43578309
outlet A.848338889
Met B.47612190
Puc. 1.81
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1.7. U3MejbueHHE CETKH

IMomyuum pemerne Ha Oojee MENKOH CETKe, JUIS Yero YBEIHYUM YHCIIO0
pa30ueHui B paauanbHOM HampasieHun ¢ 5 1o 10.

1) Jlms 3Toro HagO KIWKHYTH MPaBOH KHOMKOW MEIIIN HAa CXEMeE TIPo-
ekra o Mesh u Be1Opate Dublicate, puc. 1.82.

2) TlosBuTHCA HOBas cTpaHHIa mpoekTa. Ilepenmenyem ee B Laminar
Pipe (mesh2), puc. 1.83.

3) Kumkaem o Mesh B crpanune Laminar Pipe (mesh2).

4) Ha nmanennu Details of “Mesh” B pazaene Sizing 3HaueHue CTPOKU
Use Advanced Size Function namensiem Ha Off.

5) VYBenuumuBaeM 4HCIIO pa3OMEHUH B PaJUaIEHOM HAIPaBJICHUH.

6) UYwucno srueek gommkHO paBHATHCS 1000. 3TO MOXHO YBHIETH Ha
nma"enu Details of “Mesh” B pasnmene Statistics B mpaBoii gactu
crpoku Elements.

7) 3axpsiBaeM nporpammy Meshing.

- A

7% Fluid Flow (FLUENT)

2 @i‘ Geometry o,
3 (@ mesh v
4 @ sew & Edit.
5 Soluf 5y Duplicate '
6 @ Resu Transfer Data To MNew  »
LY %  Update
Clear Generated Data
Refresh
Reset
EE Rename
Properties
Quick Help
Puc. 1.82
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- - B

0 % Fluid Flow (FLUENT) 1
2 i) Geometry v ,—— 82 i) Geometry v
3|@ Mesh W ‘l 3 §@ Mesh v o
4 @ setup v 4 @@ setup v .
5 Solution v o, 5 Solution F .
6 |@ Resuts &, 6 @ Results 7y

Laminar Pipe Laminar Pipe {meshz)
Puc. 1.83

1.8. IIpocMoTp pe3yabTaTOB

1) Ha cxeme mpoekra Laminar Pipe (mesh2) BrimoHsIeM MpaBBIid KIHK
o crpoke Fluid Flow (FLUENT) u B KOHTEKCTHOM MEHIO BBIOMpaeM
Update.

2)  Xnem nekoropoe Bpems, moka FLUENT mposener Bech pacuer. 3a-
nyckaeM FLUENT cHoBa. AHanusupyeMm pe3yJbTaThl.

1.9. 3aganue qJ1sl CAMOCTOSTEILHOI PadoOTHI

Pemmre 3amavy o pa3BUTHM TEUCHHSI HEC)KUMAEMOH KHUAKOCTH B TpyOe
mmHON 8 MerpoB, auamerpoM 0.2 merpa. ILmoTHOCTH kHAKOCTH 1 Kr/M3,
Bsi3kocTh kuaroctd 0.002 Ila-c, cCKOpOCTh KHUIKOCTH HA BXOfAE B TpyOy 1
Mm/c.

Jnst pemenns nucnons3yiite FLUENT, cxemy BToporo nopsifka ammpok-
CHMAIMX JJIsI YpaBHEHUsI COXpaHEHUsI UMITynbca. Pemenne TpeGyeTcs mo-
JYIUTh HA pa3HOCTHBIX ceTkax 100 x 5, 100 x 10 u 100 x 20, (oceBoe pa3-
OueHue X paauanbHOE pa3OHeHNUE).

1. TloctpotiTe mpoduIN OCEBOH CKOPOCTH HA BEIXOIE U3 TPYOBI, MOIyICH-
HBIC Ha TpeX Pa3IM4YHBIX CeTKaX. Takke MOCTpOTE MPOpHIb CKOPOCTH,
TIOTYYEHHBIN U3 PEIICHNS 3a/1a41 O Pa3BUTOM TECUCHNU HEC)KHMAEMOH JKUI-
KOCTH B TPyO€ TIOCTOSHHOTO ceueHus. Ha ogHOM rpaduke JOMmKHO OBITH 4
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KpuBbIX. OceBasi CKOPOCTh JAOJDKHA OBITH OTJIOKEHA Ha OCH adcIce, a pa-
JHATbHAs KOOPAWHATA — IO OCH OPJIHMHAT.

2. PaccuwmraiiTe cABUTOBOE HAIPSIKEHHE 7, Ha CTCHKE B 0o0J1acTH IOJIHO-

CTBIO Pa3BUTOrO TEUEHHS Ha TPEX ceTKax. Paccumraiite 3TO 3HAUYEHHE W3
TEOPHH TOTHOCTHIO Pa3BUTOIO TEUEHHS >KUAKOCTH B TpyoOe. s kaxkmoi
CeTKHM pPACCUUTANTE OUIMOKY OTHOCHTENHHO AHAJIUTUYECKOTO PEIICHHUS.
ITomecTute pe3ynbTaThl pacyeToB B TAOIUILY:

Cerka - % omnoKa
ay

3. Ha BeIXO#e u3 TpyOBI, I/ie TCUCHHUE MOTHOCTHIO Pa3BUTOE, OIIMOKY B
0CEBOI CKOPOCTH Ha OCH CUMMETPUH MOXKHO OIPENENTUTh KaK

u — U
cale ezact
E=—-

uezact

Oxupaercs, 4To ommoOka Oymer mMmeTh Bum: € = KAr?, Ar — pasmep
STMEHKH B PaJHaIbHOM HaIpaBiIeHuH, K ¥ p — NOCTOSHHbBIE, 3HAYEHHE KOTO-
PBIX OyZmeT 3aBHCETh OT BHIOPAHHOI Pa3HOCTHOH cXeMBbI. Mcronb3ys MeTon
HaVMEHBIINX KBAJpaToB, NPEIBAPUTENBHO IPOJIOTapU(PMHUPOBAB 3aBUCH-
Mocth Ine = In K + p-In Ar, Haiiti nocrostHHBIE K 1 p.

4. TlocMmoTpuTe, KaK U3MEHUTCS 3HAYCHHUE p TIPA CMEHE PA3HOCTHOM CXEMBI
¢ "second-order upwind" ma "first-order upwind". Ha rpaduke momxuO
OBITh M300paskeHO YeThlpe KpuBhie. [1o mBe s Ka)Ioi pa3HOCTHOH cxe-
Mbl. CpaBHHTE 3HAUEHHUS p U JalTe 00bICHEHUE IOITYUYCHHBIM PE3YIbTAaTaM.
Crnenyer MOMHHTB, YTO CXEMBI BTOPOTO M MEPBOTO MOPSIAKA TOYHOCTH MPH-
MEHSIOTCS TOJBKO Ul MHEPLUUOHHBIX WICHOB yPaBHEHMSI COXPAaHEHHUS MM-
IyNbCca, a AUCKPETH3anus BA3KMX WICHOB BCErJa MMEET BTOPOH IOPSIOK
TOYHOCTH.

Cnpasounas ungopmayus

ITpomite CKOpPOCTH MOTHOCTHIO PA3BUTOTO JIAMHHAPHOTO TEUEHHS BSI3-
KOM HEC)KUMAaeMOW JKAIKOCTH B KpYTiIoi TpybOe pammyca R ompemensercs
o hopmyIe:
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TIIe U,, — CPEIHSA II0 CEUCHHIO TPYOBI CKOPOCTh TEUYCHUS KUIKOCTH. B pac-
CMaTpUBaeMON 3a/1aue 3Ta CKOPOCTh PaBHA CKOPOCTH KUJIKOCTH Ha BXOJE B
TpyOy.
CHBUTOBOE HANIPSDKEHUE KUAKOCTU Ha CTEHKE TPYOBI HAXOIUTCS U3
BBIp&)KCHI/IHZ
ou(y) du

T =T = u|l— = —Uu

v W oy R

y=R

av

Cuna TpeHusi, JEeHCTBYIOIIAs CO CTOPOHBI KUIKOCTH Ha CTEHKY TPYOBI,
OTIpeIeNAETCs 10 (PopMyIie:

L
fric :_fdesz_IQTFRdem:8-7['-u(w L,u
S 0

KoaddummenT TpeHus )KUAKOCTH O MTIOBEPXHOCTH TPYOBI OIIPEIENICTCS
o hopmyie:

Ffm 8-m-u -L-p 16

C — = — —
D 2 2 >
sou S tpu, -m-D-L  Re

roe Re = puavD/,u.
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2. TYPBYJIEHTHOE TEYEHHUE BSI3KOM HECKHUMAEMOHN
KUIAKOCTHU B KPYI'JION TPYBE

2.1. Onucanue 3aga4u

Paccmorpum 3amady o TypOyJeHTHOM TEUYEHHH JKUIKOCTH B KPYITIOH
TpyOe mocTosHHOrO cedeHus, puc. 2.1. {uamerp tpyost D = 0.2 M, amuHa
TpyOs! L = 8 M. CKOpPOCTB *KHIKOCTH Ha BXoje B TpyOy U, = 1 m/cek sABiIsI-
eTCsl TIOCTOSIHHOHM 110 BCEMY BXOIHOMY cedeHMIo. JKHAKOCTh BBITEKAET B
OKpYXAaIOLIYyI0 cpely, JaBieHue KoTopoil paBHo 1 aTtM. [IpuMeM miIoTHOCTH
cpenst p = 1 kr/M’, a kodhuument Baskoctu = 2x107 IMa-c. Yucno Peii-
HOJIBJICA, TIOCTPOEHHOTO Ha OCHOBE IMaMeTpa TPYObl PaBHO:

~ pUD
1

[Ipu Takmx 3HAaYCHUSAX yucna PeifHompaca TedeHUe B TpyOe OyaeT MoIHO-
CTBIO TYpOYJICHTHBIM.

Pemmnm oty 3amagy, ucnons3ys FLUENT ¢ momompio ANSYS Work-
bench. TToctponm momnst CKOPOCTH W IABJICHUS BHYTPH TPYOBI, U IPOBEPHM
pE3yNIbTaThIL.

Re = 10000

U, D

L
Puc. 2.1

2.2. IlpeaBapuTeJibHbIE 3aMeYaHHUA

[Tpu TypOynEeHTHOM TEYEeHWH BO3HMKAIOT MEIKO-MAacIITaOHbBIE IO Bpe-
MeHHU Imynbcanui. OOBIYHO, 3TH ITyTbCALMN HE YIAETCsl pa3pellinThb, IpUMe-
HSSl CPEACTBAa BBIYMCIUTENbHOW THApoanHaMuku. IlosTomy Takme mepe-
MEHHBIE IT0TOKA, KaK CKOPOCTb, JaBJICHUE U T.J., YCPETHSIIOTCS 110 BPEMEHH.
K coxanennio, ycpeqHEHHbIE IO BPEMEHH ONpPEEIAIONNe ypaBHEHUS HE
3ambIkatoTcs. (T.e. OHM coiepkaT IMyNbCAllMOHHBIE BEIWYMHBI, KOTOPHIE

70



HYXXHO OIPEIEITUTh C IMOMOIMIBI0 KakuxX JTHO0 Mojenedl TypOyIeHTHOCTH).
Jlo cux mop He CyIIeCTBYeT eAWHON MOJEIH TypOYJISHTHOCTH, KOTOpas Obl
ObLTIa cripaBeUIMBa Ul BCEX THUIIOB TEUEHHMI, M II09TOMY HEOOXOAUMO BHI-
OupaTh 1 HACTPAUBATh MOJIENb ISl KOHKPETHOTO KJIacca TeUCHHIH.

B naHHOM 3amaHMM paccMaTpPHBAIOTCA TOJBKO, TAaK Has3bBaeMas, k-€
MOZEINb TYypOyNeHTHOCTH. [Ipu pelieHny ke MPaKTHYSCKHUX 3a1a4 Heo0Xo-
JUMO TIPOBOJMTPH TINATENBHBIA aHAJIM3 BUJIA TEUCHHs, YTOOBI 0OOCHOBAHO
BBIOpATh Ty WM HHYIO MOZAENb TYpPOYIEHTHOCTH. K-€ Monens TypOyieHTHO-
CTH BKJIIOYaeT B ceOs ABa ypaBHEHUS — Ui TYpOYJICHTHOW KHHETHYECKOH
SHepruy K, v JUI CKOPOCTH AUCCUTIALIMK TYPOYJIEHTHON 3HEpTUH €. DTH J1Ba
YpaBHEHUS PENIAlOTCS COBMECTHO C OCPEIHEHHBIMHU II0 BPEMEHH ypaBHe-
HUSMH HEPa3pbIBHOCTH, MMIIyJbca M SHEprud. Pacyersl TypOyJIeHTHBIX

TEUYCHUH 3aHUMAIOT TOpPa3o OONbIIEe BPEMECHH, YeM PacUeThl JIAMHHAPHBIX
TCUCHU.

2.3. Co3nanne npoexta B ANSYS Workbench
1) 3amyckaem ANSYS Workbench:
Start> All Programs> ANSYS 14.0> Workbench 14.0.

Ha puc. 2.2 nokaszano okno Workbench:

.
@Y Turbulent Pipe - Workbench =8

Fie View Tools Units Help

INew [25Open... i Save (3 Save As... | limport... | ~ Update Project | (3 Project @ Compact Mode

Toolbox LR Project Schematic i v R X

[E Analysis Systems

-

{4 Design Assessment
Electric =

9 explicit Dynamics

(3 Fluid Flow - Blow Molding (POLYF —
(& Fluid Flow - Extrusion (POLYFLOV
(& Fluid Flow (CFX)

(& Fluid Flow (FLUENT)

© Fluid Flow (POLYFLOW)

l 4 View Al / Customize...

o Ready IE' Show Progress ]['.,4 Show 4 Messages | .:

Puc. 2.2
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B neBoii cropone okna Workbench Oyner HaxomuTbest maHeab HHCTPYMEH-
TOB, 3aIIOJIHEHHAS CUCTEMaMH JUTS PeLICHHs pa3INYHbIX (U3NYSCKUX 3a/1a4.
[ocpemuue Oymer opraHW30BaH CO3AaBacMbI HpoekT. B okxHe Analysis
Systems mBaxknmel mmenkaem 1o crpoke Fluid Flow (FLUENT). Okno
Workbench OyneT BrITmsineTs kak Ha puc. 2.3.

-
@ Turbulent Pipe - Workbench = () P
Fle View Took Units Help
“[New [ Open... [ Save (H Save As... |,§][mport... “»Reconnect ¥ Update Project &) Compact Mode
Toolbox i S Project Schematic | v qx
|EI Analysis Systems o v A i
¥ Design Assessment | ll +!| Fuid Flow (FLUENT)
8) Electric = 2 @ Geometry ?,
Explicit Dynamics ‘ 3|@ Mesh 2
63 Fluid Flow - Blow Molding (POLYF — —
4 @ Set ?
Fluid Flow - Extrusion (POLYFLOV a UP. —4 L
Fluid Flow (CFX) 5|@ Solution ) i
& Fluid Flow (FLUENT) 6 |@ Resuts 2,
View Al / Customize... Fluid Flow (FLUENT) N
4 Ready (== show Progress [~ Show 4 Messages |
Puc. 2.3

2) B oxne Property of Schematic, B pa3nene Advance Geometry Options
m3Mmenute 3HaueHne Analysis Type Ha 2D, IOCKONBKY majee MBI OyaeM
UCIIONB30BaTh ABYMEPHYIO MOJIEIb.

3) Coxpanute npoekt moj umeHem T urbulent Pipe.

4) B oxne Project Schematic (okna Workbench) kiauknute npaBoii kHOII-
ko Mpikn Ha Geometry u BeIOepuTe Properties, Kak 1moka3aHo Ha pHC.
2.4. B mpaBoit yactu oxHa Workbench nosiBurcs oxno Property of
Schematic.

5) Wmnoptupyem reoMeTpuIo U3 33Ja4d O JAMHHAPHOM TCYCHHUHU KHJIKO-
ctu B TpyOe. B okHe Project Schematic xiukaeM npaBoi KHONKOM MBbI-
mm o Geometry ¥ B HosiBUBLIEMCs] OKHE BbIOMpaeM Import Geometry,
3areM BeIOHpaeM Browse, puc. 2.5:
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(@ Turbulent Pipe - Workbench

(=] 5 ]

Fle View Tools Units Help

TINew 5 open... i Save (&l Save As... | #)Import... | <o Reconnect  Refresh Project # Update Project | (3 Project

SN Project Schematic -3 x x
B Analysis Systems a8 9 *
Design Assessment hd 1
lectric i 2 =
Explicit Dynamics 2 3
& Fluid Flow - Blow Molding (POLYF 3 ) New Geometry... b
@ Me
Fluid Flow - Extrusion (POLYFLOV TaTe Import Geometry > |4 &
luid Flow (CFX) - =l 5
Fluid Flow (FLUENT) 5§ So{ls Dupicate e
Fluid Flow (POLYFLOW) 6 @ Re Transfer Data From New  » =
armonic Response Flu Transfer Data To New >
b!yd'rndlynamfcilviﬁrainnn - 7 update g i
T View All/ Custor @ Refresh - |«
@ Double-click component to edit. [@Shcw Progress I_:;
Quick Help
Puc. 2.4
-
1 d =!
2@ 2
3@ Mesh @ New Geometry...
4| @ sew | Import Geometry 3 | ﬁj ToriEm.. "
5 |@E Sobston .
@ 23 Duplicate
6 | Resuls
Transfer Data From New »
Fhuid Flow
Transfer Data To New »
¥ Update
& Refresh
Reset
EE Rename
Properties
Quick Help

Puc. 2.5
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6) B mosiBuBIIEMCsI OKHE BBIOMpPaeM (haiis, B KOTOPOM XPaHHUTCS T€OMETPHS
TpyOBI, CO3/1aHHAs! HAMH B MpEABIAYIIEH 3aqaue, puc. 2.6.

W\ Orxpuie - -

[0 » Komnetotep » JlokaneHeiii guck (D:)
‘

Ynopagounts ¥ Hogaa nanka

Y Ws6pantoe Vi

8 3arpyzcu [@D FFF ]
] HeaaeHue mecta

B PaBouwnii cton

[5) Bubanorexn
E Buaeo

— _

Puc. 2.6

7) B oxHe mpoekTa KIMKaeM NpaBOd KHOMKOH MBIIH 10 cTpoke Mesh u
nmanee Edit, puc. 2.7. ITocne 3Toro otkpoercs okHo Meshing.

1
2 |} Geometry v o,
3 ‘ Mesh =] J
= Edit...
4| @ setwp 7 @ ]
5 Solution 2|53 Duplicate
3 . Results 2 Transfer Data To New »
Turbulent Pipe ¥ Update
Clear Generated Data
i@ Refresh
Reset
Rename
Properties
Quick Help
Puc. 2.7
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2.4. Tloctpoenue ceTKH

Cetka Oyner cocroars u3 3000 »eMeHTOB, B NPOJOIBHOM HaIpasJe-
nun BeiOupaeM 100 snemenToB, a B nonepeunoM 30 aiementoB. CeTky Io-
CTPOUM TakK, YTOOBI OHA CTyIIAJACh K CTCHKE.

1) I'enepupyem cetky: Generate Mesh.

2) Ipumensem crmwie Mapped Face Meshing. UToObl BKIIOUUTH 3TOT
CTHJIb BBIIONHAIOT TocnenoBatensHocTh Mesh Control— Mapped Face
Meshing, puc. 2.8.

3) Kimkaem 1mo reoMeTprdecKoil 00JIACTH, ITOCIIE Yero OHa OKPAIIBACTCS
B 3erneHblil 1Ber. Ilocne storo knmkaem Apply Ha manenu Details of
“Mapped Face Meshing”, puc. 2.9.

ﬁ] A : Fluid Flow (FLUENT) - Meshing [ANSYS ICEM CFD]

J File Edit View Units Tools Help |J| ¥ Generate Mesh @ [ij
(TR - RORER &S QA @]
J F Show Vertices &% Wireframe | .Edge Coloring = A~ A~
|Mesh % Update | ®Mesh + | ® Mesh Control = | .lliMetric Grap

Qutline  Method
Project % Mesh Group
H- & Model (A3) @, Sizing

Ev'@ Geometry ¥, Contact Sizing

. "By Surface Body
F-,+k Coordinate Systems
-ﬁ%ﬂ Mesh

& Refinement

E Mapped Face Meshing

i@ Match Control
@ Pinch

& Inflation

M Sharp Angle

M Gap Tool

Puc. 2.8
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1)

2)

3)
4)
5)
6)
7)

8)

9)

Details of "Mapped Face Meshing” - Mapped Face Meshing 1

EI|S|:ope ‘
|Sc0ping Method |Geometry Selection \
Geometry Apply [ Cancel |

=| Definition
Suppressed No
Method Quadrilaterals

Radial Number of Divisions | Default
Constrain Boundary No

Puc. 2.9
2.4.1. 3aoanue y3noe cemku na zpanuye oonacmu

CHavana 3aJaiuM 41ciIo pa30ueHnii B0 OCEBOr0 HanpasieHus. s
storo kiukaeM Mesh Control > Sizing.

Knukaem no ¢unstpy Edge @ 3areM MOABANM Kypcop K HIDKHEH
TpaHUIle MPSIMOYTOIbHHUKA, (OHA TIPH ATOM OKPACHUTCS B 3€JICHBI MIIBET),
Ha)KMMaeM JICBYIO KHOITKY MEIIIIH, ¥ HE OITyCKas ee MepEBOIUM Kypcop K
BEepXHEHW TrpaHUIe MNpsAMoyroiabHUKa. [locnme sToi mpormexypsl obe
TpaHUIBl JOIDKHBI OBITH OKpAamieHHl B 3eleHbI 1BeT. [locie 3toro
kimukaeMm Apply Ha manenn Details of “Sizing”.

Ha manenu Details of “Sizing” B mone Type Beionpaem Number of Divi-
sions U ycraHaBimBaeM 3HadeHue 100.

3nauenne nons Behavior mensiem Ha Hard.

[IponenbiBaeM aHAJIOTHYHYIO TIPOIEAYPY ¢ 1.1 1Mo 1.2 1St JIeBO¥ TpaHu-
usl. Ha manenu Details of “Sizing” B crpoke Type Beionpaem Number of
Divisions u yctaHaBnuBaeM 3HaueHue 30.

3nauenne nons Behavior mensiem Ha Hard.

3navenue mons Bias Type MeHseM HA - - — —— , a 3HAUCHHUC
monist Bias Factor ycranaBnuBaem paBHbM 10.

IIponenbsiBaeM Te ke OMEpanyu, YTO U B M.5-7 JJIg NpaBOM T'paHUIIBI, C
TOW NWINb pa3HUIed, 4to 3HaveHWe mmons Bias Type BroiOupaewm:
ITone sToro B crpoke meHto kiukaem Generate Mesh. Ilocne Bcex BBI-
MIOJTHEHHBIX CEeTKa OyIeT NMEeTh BUI:

10)B paspmene craructuka manenn Details of “Mesh” MoxxHO BHAETh, UTO

YHCII0 3JIEeMEeHTOB moy4aminock 3000.
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0.000 0.050 0,100 {rry
I .0

0.025 0.073

Puc. 2.10
2.4.2. Ilpuceoenue umen zpanuyam oonacmu

JleByto rpanmmy obmactu HazoBeM Inlet, mpaByro — Outlet, HIDKHIOIO —
Axis, Bepxuioro Wall. DTu mMeHa NMPHUTOIATCS HA MOCIETYIONIMX Imarax
IIPY TIOCTPOCHUHU MOJECIH ¢ TIOMOIIIBIO mporpammsl Fluent.

1) BBIMOTHAUTH KIWK MIPAaBOH KHOIKOW MBIIIN 110 CBOOOMHOMY MOJIO, TIE

HapucoBaHa 00JacTh ¢ MocTpoeHHOH ceTkoil. U3 crpokn Cursor Mode

BBIOpaTh GwibTp Edge @ ITonBecTH Kypcop K JICBOM IpaHHIIE, KOTIa
OHa OKPACHUTCS B 3€JICHBIA I[BET, BBHITIOJIHUTH JIEBBIN KJIIMK MBIIIKOM, T10-
CIIe TOrO BBIIOJIHHUTD IPABBIA KIHWK MBIIIKOH. B IMOSBHUBIIEMCS KOHTCK-
cTHOM MeHIo BEIOpath Create Named Selection, puc. 2.11.

2) TlosBurcsa okHo Selection Name, puc. 2.12, B KOTOpoe CIIeyeT BBECTU
Inlet. Haxxates OK. TlomoOHyF0 omepario mpojenaTh cO BCEMHU TPaHU-
[IaMH, BBOJAS COOTBETCTBYIOIINE UMCHA.
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Insert
GoTo

# Generate Mesh On Selected Bodies
] Clear Generated Data On Selected Bodies

Parts
2 Hide Body
. Selection Name ﬁ
[El Suppress Bod
i i Enter a name for the selection group:
@ Isometric View [Inleq

120

- Set
37 Restore Default
Zoom To Fit

@® Apply selected geometry
O Apply geometry items of same:

O Size
Cursor Mode O Type
View [ Location X
/9 Look At [J Location Y
% Create Coordinate System O lesierZ
24 Create Named Selecion | oK | concel |

& Select All

Puc. 2.11

Puc. 2.12

2.4.3. Coxpanenue, 6b1x00, 00HO6/1eHUE

Coxpanure mpoekt. File—Save project
3akpoiite okHo Meshing. File— Close Meshing.
[Nepetinure B okHo Workbench 1 06HOBHTE ITPOEKT, HAXKaB HAa KHOMKY

Update Project, ~ Update Project | yoropas maxomures oz cTpokoit

MCHIO.

OKHO NpOeKTa NPUMET BHI, puc. 2.13:
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1)
2)

3)

- A

8 = Fluid Flow (FLUENT;

2 @ Geometry v
3|§8 Mesh v
4 @ setup 7,
5 | GF Solution i,
6 @ Results =,

Fluid Flow {FLUENT)

Puc. 2.13

2.5. 3anyck ANSYS FLUENT

Urobbl cuntath reomerpuio u cetky Bo FLUENT knmkHuTE npaBoi
KHOITKOW MBIIIH 10 Setup U B KOHTEKCTHOM MEHIO BbiOepute Refresh
ITocne wero, cnenyer kimkHyTh Ha Update. B mpaBoil wactu sueiiku
Setup momkeH MOSIBUTHCS 3HAK BONPOCA, KOTOPBIH O3HAYaeT, UTO IIPO-
LIECC elIe HE 3aBepIIeH.

JBaxxnp! knukauTe Ha Setup. 3arpysurcst FLUENT Launcher.

B paznene Options nmocraBpTe ranodky psgom Double Precision
Haxxmure Ha OK. FLUENT Oyner 3armryimes.

ITposepsiem nudopmario o pazHocTHoi cetke Mesh—Info—Size.
ITposepsiem cerky Ha Hammuue omuOok Mesh—Check,

2.5.1. Buecenue oanHbIX 6 peuiamens

3amaeM OCeCHMMETPHYHYIO TeoMmerpuio obmactu. B pasmene Gen-
eral>Solver—2D Space BriOupaem Axisymmetric.

OTKITI09aeM ypaBHEHHE SHEPTUH:

Problem Setup — Models— Energy—Off.

YcranaBnuBaeM Mozenb TypOyneHTHoro Tedenus: Problem Setup —
Models—Viscous-Laminar—Edit. Otkpoercst okno Viscous Model, B
KOTOpOM BBIOMpaemM 3HaueHue k-epsilon (2 eqn), puc. 2.14.
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4) B rpymme Near Wall Treatment BeIOMpacM MOHENb HEPAaBHOBECHBIX
npucteHouHblX (ysknumit: Enhanced Wall Function. B stom ciayuae
BBIOOp MPUCTCHOUHBIX (PYHKIUH OyAeT MPONCXOIUTh B 3aBUCHMOCTH OT
TOr0 KakoBa BEJIMYMHA Y. bynyT McHonmp3oBaHel JHOO CTaHIAPTHBIC
npucternounsie pyHkmmu (30<y,<100), mubo QyHKIWH, COOTBETCT-
BYIOIIIHE MBYXCIOHHON Monenu (y,<30).

5) Kuukaem OK.

2.5.2. 3aoanue ceoiicme rcuoxocmu

CBoiicTBa XKHUIAKOCTH OBIIM yKa3aHBI IPH TOCTAHOBKE 3a/1a4H.

4) Ins co3maHusl KHUIKOCTH C TAKMMHU CBOMCTBAMH BBINOJHSEM CIIETYIO-
e aeficteus: Problem Setup — Materials — Fluid — Create/Edit.

5) B mOsABHBIIEMCS OKHE YCTAHABIMBAEM IUIOTHOCTh | KI/M® M BSI3KOCTH
2:107° kr/(m-cex).

6) Kimkaem xnorky Change/Create, 3atem Close.

! Viscous Model =8

ode! Model Constants

Inviscid Cmu

Laminar ,U.Ugi
Spalart-Allmaras (1 eqn)

k-epsilon (2 eqn) C1-Epsilon
1.44

m

C2-Epzilon

(7) Scale-Adaptive Simulation (SAS) L2

-epsilon Madel TKE Prandt Mumber
1

User-Defined Functions

Turbulent Viscosity
none v]

Prandtl Numbers

TKE Prandtl Number =

User-Defined Wall Functions [”D”E v]
TOR Prandt Number =

Enhanced Wall Treatment Options E
[HDFIE ']
[ Pressure Gradient Effects

Puc. 2.14
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2.5.3. 3aoanue zpanuunvix ycnoguii

Mo ycioBuio 3aa4n HEOOXOIMMO 3a/aTh YCJIOBHUS Ha YETHIPEX IPaHU-
nax.

1) 3amaem ycrmoBwus Ha BXoAHOW rpanuiie: Problem Setup—Boundary Con-
ditions—Zone (Inlet)—Edit, xkak moka3ano Ha puc. 2.15. 3aganue cko-
poctu Ha Bxozae | m/cex obecnieanBaer Re=10000.

2) B pasnene Turbulence B ctpoke Specification Method BeiOHpaem 3Haue-
nue Intensity and Hydraulic Diameter. YcranaBimuBaem 3Hauenne Tur-
bulent Intensity paBusmM 1%, a Hydraulic Diameter 0.2 m.

& velocity Inlet 2

Zone Name
| inlet

Momentum ]Thermal] Radiaﬁon] Spedes] DFM ] Multiphase] ups ]

Velocity Spedification Method [I'\"Iagnit..lt.haJ Normal to Boundary v]

Reference Frame [Absolute hd ]

Velodity Magnitude (m/s) [ ’mnsiant v]
Supersonic/Initial Gauge Pressure (pascal) ’0— [consiant v]

Turbulence

Spedfication Method [Intensity' and Hydraulic Diameter v]

Turbulent Intensity (%) [ E] |
Hydraulic Ciameter (m) [g 2 B

Puc. 2.15

3) Kimkaem Ha OK.

4) Ha Bcex Apyrux rpaHunax ycTaHaBJINBAeM T€ )K€ 3HAUCHHS, YTO U B
MpeapIayLIel 3aaaue.

5) Ilocne 3amaHust HACTPOEK, COXPAHUTE MPOEKT YePe3 CTPOKY MEHIO
File—Save Project.
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2.5.4. Bwibop paznocmuoii cxemol

Jlia perneHusi MMOCTAaBICHHOM 3aJaddl Mbl OyJeM HCIIONb30BaTh alro-
putm SIMPLE wmerona Ilatankapa, ¢ mpuBiedeHHEM HPOTHBOINOTOYHON
CXEMBI BTOPOTO MOpPSIAKAa TOYHOCTH JJIi KOHBEKTHBHBIX WICHOB B ypaBHE-
HUM COXPAaHEHUS MMITYJIbCa, Ul YpaBHEHUsS] KHHETHYECKON TypOyJIeHTHON
SHEPrHY ¥ YPaBHEHHS AUCCHNANNH TypOyJICHTHOH YHEPTHH.

B pasznene Solution Bei6upaem Solution Methods. 3nauenus coorBeTcT-
BYIOIINX ITOJIEH JOIDKHBI OBITH BEIOPAHKI TaK, Kak IMIOKAa3aHOo Ha puc. 2.16.

! AcFluid Flow (FLUENT) FLUENT [axi, dp, pbns, ske] [FluentLM]
File Mesh Define Solve Adapt Surface Display Report Parallel Vie

Erd @ S[Eaa s gy

Problem Setup Solution Methods
General @'e—\n‘elodw Coupling \
Models \
Materials Scheme
Phases [smpLe -
Cell Zone Conditions — —
Boundary Conditions Spatial Discretization
Mesh Interfaces Gradient b
Dynamic Mesh
Reference Values [Least Squares Cell Based v]
Soluti Pressure
olution
. [Siandard v]
olution Methods} N =
Solution Controls OmEntum
Mornitors [Second Order Upwind v]
Solution Initialization Turbulent Kinetic Energy
Calculation Activities [Second Order Upwind v]
Run Calculation \ Turbulent Dissipation Rate
Results N&Semnd Order Upwind -/ _
Graphics and Animations : -
Plots Transignt Formulation

Reports | |
|| Mon-Tterative Time Advancement
[ Frozen Flux Formulation

[ ] Pseuda Transient
[T High ©rder Term Relaxation
Puc. 2.16
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2.5.5. Hacmpoiika Kpumepus cxooumocmu

Ms! OyneM nTepupoBaTh KakJoe ypaBHEHHE IO TeX IOp, IOKa HEBSI3Ka
He ymazer mwke 10°. J[ng 3amaHms KpUTEpHs HEBA3KM BBITIONHAEM CIe-
JyIOIIME JEUCTBUSL.
1) Solution — Monitors — Residuals, Statistic and Force Monitors — Re-
siduals— Edit.
2) B mosBuBmemcs okHe Residual Monitors nsmensem 3naueHust Absolute
Criteria, pacrono)keHHble HanpoTuB cTpok Residual mist continuity, x-
velocity, y-velocity, k u epsilon va 107 puc. 2.17.

3) B pazgene Options craBum ranouku Harnpotus Print to Console u Plot.
4) XKwmem na OK.

g Residual Monitors lﬁj
Options Equations
e Residual Monitor Check Convergence Absolute Criteria =
Plot continuity le-6
Window =
x-velodty 1=-6 =
.
. y-velodty 1e-6
1 Iterations to Plot
(| [1o00 % k 126
Residual Values Convergence Criterion
Tterations to Store [C] Normalize Tterations absolute -
1000 = s Y
= -
Scale
[ Compute Local Scale
OK ] [ Flot ] [ Renormalize ] [ Cancel ] [ Help

Puc. 2.17

2.5.6. 3aoanue nauansuuix ycinosuii

1) B paznene Solution Betoupaem Solution Initialization.
2) Mensiem Meron naummanm3amy Ha Standard Initialization.
3) Kimkaem nHa Compute from u BeiOupaem inlet.
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4) Knukaem Initialize.

2.5.7. Coxpanenue npoexma
File — Save Project

2.5.8. Bwvinonnenue pacuemos

3amaem gucio urepanuii papaoe 700

1) Solution — Run Calculation.

2) B crpoke Number Iterations 3amatite urcio urepamuii 700.

3) Haxwmmure knomky Calculate.

4) HeBs3ku Ha KaXXIOH UTepanuud OyIyT BHIBOIUTHCS B OKHO KOHCONH U
CTPOHTHCS B BUJIE 3aBUCUMOCTEH OT HOMepa UTEpalyH B rpapHIecKOM
okHe, puc. 2.18. Pemenne cotinercs 3a 220 ureparuii. 31eck IoHAI00U-
JIOCh OOJIBLIC MTEPALHH, YeM NPU PELICHHH 33aJa4d O JIAMUHAPHOM Te-
YeHHH, T.K. 371ech OblIa HCIIONB30BaHa OojIee MelKast pa3HOCTHAs CeTKa.

1e+04 —
1e+02 —c§n%sr%aﬁsls

] —x-ve|ocw

:K-ve ocl

1e+00 ,:! l—epsilon |
1e-02
1e-04
1e-06
1e-08
1e-10 ‘ ‘ . . . . : : ‘

0 25 50 75 100 125 150 175 200 225

Iterations
Puc. 2.18
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2.6. O0paGoTka pe3yJbTaTOB pacyeTa
OO6paboTaeM pe3ynbTaThl PACUETOB C MOMOIIBIO CPEJICTB BCTPOCHHBIX
Bo FLUENT

2.6.1. Pacuem mecmnozo Ko3gppuyuenma mpenus

B npumepe o m1aMuHapHOM TE€UYEHHH B TPYOE MBI ITOKA3BIBAJIH, KAaK MOX-
HO CTPOUTH DACIpENEICHUs] KaKuX JHOO MapaMeTpoB BIOJIb TPYObI WU
noniepek TpyOnl. Ilo ymomuanmio FLUENT copepxuT onpeneiaeHHbI
(cranmapTHBIN) HaOOp MapamMeTpoB, pacHpeAeicHUe KOTOPBIX MOXHO IIO-
CMOTpETh, HaNpuMep, HaBIEHHE, CKOPOCTb, CABHIOBOE HANPSDKEHHWE Ha
CTeHKe TpYO®I 1 T.4. pyroit Habop mapamMeTpoB (IOMOIHUTEIBHEIN) TpeOy-
eTcsl TOAKIIIoYaTh. HampuMep, eciau Mbl XOTHM BBIBECTH pacHpesiesieHne
MECTHOTO KOX(P(HUIIMEHTa TPCHHUS Ha ITOBEPXHOCTH TPYOBI, TO Yepe3 MEHIO
BBINOJTHAEM CIEAYIOIIUE ACHCTBUS:
1) File—Data File Quantities, kak noka3ano Ha puc. 2.19. OTkpoercs 0KHO

Data File Quantities.
2) B pazgene Additional Quantities 3Toro oxna BeiOmpaem Skin Friction

Coefficient, puc. 2.20.
3) Kimkaem OK. i

B AFluid Flow (FLUENT) FLUENT [

File | Mesh Define Solve Adap

Refresh Input Data

Save Project

Read »
Write 2
Import 3
Export 3

Solution Files...

Interpolate...

EM Mapping 3
FSI Mapping 3

Save Picture...
[ Data File Quantities... ]

Close FLUENT

Puc. 2.19
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-
= Data File Quantities [ﬂ]
Many guantities are available for postprocessing in external applications through the standard
data file. To indude additional quantities in the data file for postprocessing in external
applications, select them below.
Standard Quantities Additional Quantities EE=
F"FES‘SUITE + | [Turbulent Viscosity -
X Uelc-c!ty Effective Viscosity
¥ Velodty Turbulent Viscosity Ratio
Mass Flux Wall Ystar
Body Force Wall Yplus
Wall Velodty Turbulent Reynalds Mumber (Re_v)
Qriginal Wall Velodty Molecular Viscosity [l
Wall Shear Wall Shear Stress i
Mach Mumber Axial-Wall Shear Stress
Boundary Heat Flux Radial-Wall Shear Stress
Boundary Rad Heat Flux = [l 5kin Friction Coeffident i
Turbulent Kinetic Ensrgy Cell Partition
Turbulent Dissipation Rate Cell Element Type
LIl wall Yplus Cell Zone Type
wall Yplus Utau Cell Zone Index |
i Partition Meighbors L
Cell Weight N
Turbulent Viscosity X-Coordinate
2nd Grad Bc Source Y-Coordinate
Distance From Wall Axial Coordinate |
Radial Coordinate
T | |Fare frea Maanitide i
< i r

[Lox J [cancel] [ teb |

Puc. 2.20

Tenepp K03(h(HpUIMEHT TOBEPXHOCTHOTO TPEHUS OYIET JOCTYIEH B pas-

nene Results

JIy1 TOCTpOEHNS STOTO TMapaMeTpa BAOIb CTCHKH TPYOBI BBIIOIHUM JEHCT-

BUS:

1) Results—Plots—XYPlot—SetUp

2) B xauectBe Y Axis Function BeiOupaem Wall Fluxes u Skin Friction
Coefficient, puc.21.

3) OcranpHble HACTPOWKH ITOKa3aHbI HA pHc. 2.21.

4) Xmewm kHomiky Plot. B rpaduyeckom okne, puc. 2.22, MoSBUTCS pacmpe-
JIeTICHNEe MECTHOT0 Kod(uIeHTa TpeHust BIOIb CTEHKH TPYOBI.

86



R
Options Plot Direction Y Axis Function
[¥] Mode Values X7 [Wall Fluxes... 'l
[¥] Position on X Axis T - ]
[]Position on Y Axis ¥ ’D= [-Sk'” Friction Coeffident vl
Write to File ¥ Axis Function
[ Crder Paints Z | ) [Direction Vector Vl
File Data BE SfeES BE
axis
inlet
interior-surface_body
outlet
wal ...
| Free Data | [New Surface » ]
[ Flot ] [ Axes... ] [Cunres...] [ Close ] [ Help
Puc. 2.21
280e-02 -
2.60e-02 -
2.40e-02 |
2.20e-02 -
2.00e-02
Skin  1.80e-02 -
Friction
Coefficient  160e-02 7
1.40e-02 —
1.20e-02
1.00e-02
8.00e-03 T T T T T
0 1 3 4 5 6 7 8
Position (m)
Puc. 2.22
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Koaddumment comnporusieHus o Bceit O0KOBOI MMOBEPXHOCTH MOXKHO

OIIPEIEIIUTH ABYMS CIOCOOaMHU.

[epBrrit crioco6: Haiitu cpemHe wHTErpanbHOE 3HAYCHHE OT MECTHOTO KO-

a¢¢urmenTa TpeHus Mo OOKOBOI MOBEPXHOCTU TPYOBI.

1) Results—Reports—Surface Integrals—SetUp

2) B nosBusmemcs okHe Surface Integrals B pasmene Report Type BeiOpats
Area—Weighted Average, B pa3uene Field Variable Beiopats Wall Flux-
es u Skin Friction Coefficient, B pa3nene Surfaces BeiOpats wall.

3) Haxarte knonky Compute. B okHO KOHCOMM OyzmeT BBIBEAECHO YHCIIO
0.0087826382.

Bropoii cioco6: Mcrons3ys Bo3MoxkHOCTH pazaena Force.

1) Results—Reports— Force—SetUp.

2) B nosBuBmemcs okae Force Reports B paznene Options BsiOpats Forc-
es, B pazaene Wall Zones BeiOpaTs wall.

3) Haxarts Print.

4) B oxHO KOHCONHU OyAeT BeIBeeHa HH(GOPMAIIHA O CIJIaX, JEHCTBYIOIIHX
Ha OOKOBYIO TIOBEpXHOCTh KaHana, U Kodddurmenrax. CMOTpUM 4YHUCIIO,
crosuee mox coefficients u Viscous: 0.0087826389.

2.6.2. Konmpons u npogepka peuieHus

Jlis pOBEpKH BBITOJIHEHHS! WHTETPANIBHBIX 3aKOHOB COXPaHEHHs (CO-
XpaHeHHe MacChl U MMITYJbCa) MOXKHO IOCTYIUTh aHAJOTMYHO TOMY, Kak
OBLIO OIMHCAHO B 33Ja49e O JIAMHHAPHOM TEUYCHHUH B TpyOe.

CpaBHEHHE MOXXHO IIPOBECTH M C UMEIOLIIMMHCS 3KCIIEPUMEHTAIBHBIMA
JAaHHBIMH 110 KO3()(HUIMEHTY CONPOTUBICHUS A It TPYOBI, KOTOPBIiA Orpe-
JersieTcst u3 popMyIIBL:

AP D
A= —
2 Pl
rne AP — mepenan nasienus BIOJIL TPYOBI.

Koadurment conporusnennst A csizan ¢ kKodduimentom tperus Cp
3aBUCUMOCTBIO:

A=4C, .

UzsectHa ¢opmyna I'. brasmyca mis xodpUIMEHTa CONPOTUBICHUS
TypOYJICHTHOMY TEUCHHIO B TJIAJKHX Tpy0ax C IONEPEYHBIM CEYCHHEM
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KPYTJI0i (hOPMBI, KOTOpas cripaBeuInBa uist uncen Re or 4-10° o 10°, re
Re = pu,, D/ e

_0.3164

- Re’ ’

Jlns ancen Re>10°, Gornee TOUHOM SBISETCS SKCIEPUMEHTANBHAS (BOp-
myna Hukypanze

A

A = 0.0032 + %

Re(),237

Torma xacarenpHOE HamNpsHDKEHHE Ha OOKOBOH CTEHKE TPYOBI OyIeT BHI-
YHUCIATHCA TI0 (OPMYIIE:

o 2
T, =—pu, .

» 3
Jst Re=10" ¥ UCXOMHBIX MAHHBIX p=1 KI/M s U, =1 m/cek, momygaem

BEJIMYNHY KacaTensHoro HanpspkeHus 0.003955 Ila.

Omnpenennm 31y BennunHy ¢ nomombsio FLUENTa. Beimmonanm neiict-

BUS:
1) Results—Reports—Surface Integrals—SetUp
2) B nosBusmemcs okHe Surface Integrals B pasmene Report Type BeiOpats

Area—Weighted Average, B pa3uene Field Variable Beiopats Wall Flux-

es n Wall Shear Stress, B pa3aene Surfaces BeiOpats wall.

3) Haxars kHonky Compute. B okHO KOHCONMHM OyneT BBIBEIEHO YHCIIO
0.0043913191

Kak Buanm, pacxoxaeHne MeXIy 3KCIICpUMEHTAJIbHBIM 3HAUYCHHUEM M
pacyetHbIM cocTaBiseT 11%.

Hpyroii criocod mpoBepkH — HAXOXKICHHWE OTHOIICHUS MaKCHMaJbHOMN
CKOPOCTH JKUJIKOCTH (Ha OCH) U, K CPEIHEH CKOPOCTH U, H3BeCTHO, 4TO
POQIITHE CKOPOCTH Pa3BUTOTO TYPOYICHTHOTO TCUCHHUS KUIKOCTH B TpyOe
s umcen Re or 10* mo 10° ¢ mocTaTouHOlN CTENEHBIO TOYHOCTH armpoK-
CUMHUPYETCS CIeIyromeit popMymoi:

1/7
u(y)=u, [1-Z| .
R
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rne R — paguyc TpyOsI.
Torga BelpakeHue Ajst cpe;[Heﬁ CKOPOCTH UMEET BH/I;

:—f ydy—ﬁum.

CornacHO HpOBEICHHBIM pvaeTaM OTHOIIEHUE U,,/U,, cocTaBiseT 1.195,
4T0 Ha 2.4% MEHBIIIE KTOYHOTO» 3HaueHus 60/49=1.224.

Pe3ynbpTaThl pacueToB Takke MOXHO IPOBEPHUTH, HCIOIB3Ys TOT (akT,
YTO B TEOPUH TYpPOYJICHTHOIO ABIKSHUS NPOQPHIb CKOPOCTH >KUAKOCTH
BOMM3M CTeHKH (B TYpOYJIEHTHOM IIOTPAHCIOE) SBISACTCSA Jorapudpmmde-
ckuM. Jlms  ompemeneHHMs ~— MECTHOTO — KOd(QHIMEHTa  TPEeHUs

— 2 .
¢, = Tw/(0.5,0UA) HMeeT MECTO ypaBHEHHE:

+1.75.

Pemenue 3Toro HeMMHENHOr0 ypaBHEHUS IS Re=10" JIa€T BEJIMYUHY Cp
=0.007719, xotopas MeHbIe paccuntanHoro 3HaueHus 0.0087826389 Ha
13.8%.

Jlorapudmmdaeckuii popuiIs CKOPOCTe B TypOYIIEHTHOM IIOTPAHCIIOE
TI03BOJISIET ONPENEINTh OTHOIIEHHE OCEBOH CKOPOCTH K CPeAHENW CKOPOCTH
IIOTOKA U,/ Uy,

C
ZMane—2+ﬂﬁ
2 2

av C
25h11Re—£—+1J5
2 2

KoTopoe paBHO 1.233, uro Ha 3.1% BBIIIE MOTYYEHHOTO U3 PaCcUYETOB.

2.7. 3amaHue AJIA CAMOCTOATEIbHOI pPadoThI
Pennre 3amaduy o0 pa3BUTHH TYpOYJICHTHOI'O TEYCHHUS HECKHMAECMOM
KHUIKOCTH B TpyOe mmmHoi 8 merpoB, quamerpom 0.2 merpa. [lmotHOCTH

90



JKUIKOCTH 1 KI/M° , BsskocTh xxkuakoctu 0.00002 Ila-c, CKOPOCTH KUIKOCTH
Ha BXoze B Tpyoy 1 m/c.

Hnst pemenns nucnons3yiite FLUENT, cxemy BToporo nopsiika ammpok-
CHMAIMX JJIsI YpaBHEHUsI COXpaHEHUsI UMITynbca. Pemenne TpeGyetcs mo-
JTY4UTh Ha pa3HOCTHBIX ceTkax 100 x 15, 100 x 30, 100 x 60 (oceBoe pa3-
OueHue X paauanbHOE pa3OHeHNUE).

Jl1g momydeHust paBWIIBHOTO PELICHUs 3aJaud O TypOYJIEHTHOM Tede-
HHUH B TpyO€, HEOOXOANMO MOMHHTB, YTO IIEPBBIA MPUCTEHHBIA Yy3€ pa3Ho-
CTHOW CETKHU JOJDKEH JIeXKaTh JIMOO B BS3KOM IIOZCIIOE, IMOO HAXOJUTCS B
o0iacTy, T/Ie UMEET MECTO JOrapUpMHUUYecKuii mpodminb ckopocteid. T.e.

JIOJDKHO BBITIOTHATHCS KakKoe-THOO M3 JBYX HEPaBEHCTB: y* < 5, mbo

-
y" >70,rme Yyt =, [~ 2; V — KHHEMaTU4eCKast BA3KOCTh KUJKOCTH,

p v
mc. Jlns onpeneneHus BEIUYMHBL ¢y HEOOXOAMMO BBIIOJHHUTH CIEAYHO-

mme neiictBus: Display—Contours. Jlanee B okHe Contours of BeIOpath
mosie Turbulence u mome Wall YPlus. [lanee xiukHYTh Ha KHONKY Compute.

B oxnHe Max mHOSBHATCS 3HAYEHHE BEIMYMHBI y*. VY0enurech, 4TO OHO

MEHbIIE 5.

1. Hoctpoiite podwmu 0CeBOil CKOPOCTH HAa BBHIXOAE M3 TPYOBI, TOTYUICH-
HBIE Ha TPeX Pa3iIMYHbIX CEeTKaX. Takxke MOCTPOHTE MpO(HIb CKOPOCTH,
TIOTYYEHHBIH U3 PEIICHNS 3a/1a41 O Pa3BUTOM TECUCHNU HEC)KHMAEMOH JKUI-
KOCTH B TPyO€ TOCTOSIHHOTO ceueHus. Ha ogHoM rpaduke HomKHO OBITH 4
KpuBbIX. OceBasi CKOPOCTh JAOJDKHA OBITH OTJIOKEHA Ha OCH abcIcce, a pa-
JIMaIbHAS KOOPJWMHATA — [0 OCH OpJIMHAT.

2. PaccuwTaiiTe CIBUTOBOE HANPSDKEHUE T —HA CTEHKE B 00JIACTH MONHO-
CTBIO Pa3BUTOrO TEUEHHS Ha TPEX ceTKax. Paccumraiite 3TO 3HAaUYeHHE W3
TEOPHH TOTHOCTHIO PA3BUTOIO TEUEHHS >KUAKOCTH B TpyoOe. s kaxkmoi
CeTKH pPACCUUTANTE OLIMOKY OTHOCHTENHBHO AHAJIUTUYECKOTO PEIICHHS.
[TomecTute pe3ynbTaThl pac4eToB B TAOIUILY:

Cetka - % omnokKa
ay
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3. Ha BrIXOze u3 TpyOBbI, I/ie TeUeHHE MTOTHOCTHIO pa3BUTOE, OMIMOKY B Oce-
BOH CKOPOCTH Ha OCH CHMMETPHU MOYKHO OIIPEIEIHTh KaK

u

cale uezzct

E =

uezzct

Osxupaercs, 4to ommbka Oyner mmets Bux: € = KAr” | Ar — pasmep
STMCHKH B PaIMaIbHOM HAlpaBieHuH, K 1 p — IOCTOSHHBIC, 3HAYCHHE KOTO-
PBIX OyZmeT 3aBHCETh OT BHIOPAHHOH Pa3HOCTHOHW cXeMBI. Mcromb3ys MeTon
HAUMCHBIINX KBAJPATOB, HPEABAPHTENHHO MPOIOrapu(pMUPOBAB 3aBHCH-
moctb Ine = In K + p - In Ar, naiitu mocrostnusie K u p.

4. ITocmoTpuTe, KaK N3MEHUTCS 3HAUCHHE p TIPH CMEHE Pa3HOCTHOM CXEMBI
¢ "second-order upwind" ma "first-order upwind". Ha rpaduke momxuO
OBITh M300paskeHO YeThIpe KpuBbie. [1o mBe s Ka)mIoil pa3HOCTHOH cxe-
Mbl. CpaBHHTE 3HAUEHHUS p U JalTe 00bSICHEHUE IOITYUYCHHBIM PE3YIbTATaM.
Crnenyer MOMHHTB, YTO CXEMBI BTOPOTO M MEPBOTO MOPSIAKA TOYHOCTH MPH-
MEHSIOTCS TOJBKO Ul MHEPLUHOHHBIX WICHOB yPaBHEHMSI COXPAaHEHUS MM-
IyNbCca, a AUCKPETH3anus BA3KMX WICHOB BCErJa MMEET BTOPOH IOPSIOK
TOYHOCTH.
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3. 3AJAYA O KOCOM CKAYKE YIIVIOTHEHUS

3.1. Omnmucanue 3aga4u

PaccmaTpuBaercs 3asada O TEUCHHMH C)KMMAEMOIO ras3a, HaOeraromero
CO CBEPX3BYKOBOHM CKOPOCTHIO Ha OECKOHEUHBIH KIIMH C YIJIOM IIPU BEpIIH-
He 20. Ha puc. 3.1 npuBeneHa cxeMa KapTHHBI TEUCHHS, OCb X COOTBETCTBY-
eT JIMHUU CUMMETpHH KiuHa. HaganbHas ckopocTs noroka U Oonblie cKo-
poctu 3Byka, U > c. B 3aBucuMocTH OT BenuuuHbI yriia 6 m unciaa Maxa,
COOTBETCTBYIOIIEr0 HAYAJIbHONH CKOPOCTH IOTOKA, BO3MOXXHO BO3HHKHOBE-
HHE KOCOTO CKayKa YIUIOTHEHHS C YIJIOM MEXIY JIMHUEH CKayKa W HalpaB-
JIeHreM Haberaromiero moroka f3.

A

& S

L yi x
77777727277 272777 >
Puc. 3.1

Bynem paccmarpuBath TeueHHE rasa B OOJACTH CO CICAYIOIIMMH pas-
Mmepamu: AB =10wm, BC=5m, 6 =30°, AA; = 10 M (cm. puc. 3.2). CunTa-
eM, yro Ha KiuH (BC) Haberaer moTok Bo3ayxa ¢ IUIOTHOCTBIO p = 1.225
Kr/M°, Bs3kocThio 1 = 2-107° Tla-c, nanenmem p = 101325 ITa. Ckopocth
Ha0ETaOIIET0 IMMOTOKA XapaKTepu3yeTcs drcioM Maxa M = 3.

A

A

Puc. 3.2

Pemenne 3amaun BemmonHuM, wucnons3ys FLUENT ¢ nomouisio
ANSYS Workbench.
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3.2. Co3nanne npoekta B ANSYS Workbench

1) 3amycrure ANSYS Workbench: Start> All Programs> ANSYS
14.0> Workbench 14.0. Oxno Workbench nokazano Ha puc. 3.3.

M Angle_ - Workbench o= |

File  View Tools Units Help

[mew [ZFOpen... [H save [El save as... | g1 Import... | +9 Reconnect

L Bl Project Schematic * o X

|E| Analysis Systems |: A

xr

&

Design Assessment 1 Property
Electric

Explicit Dynamics
Fluid Flow- BlowM:
Fluid Flow - Extrusi
Fluid Flaw {CFX)
Fluid Flow {FLUENT
Fluid Flow {POLYFL
Harmaonic Responss
Hydrodynamic Diff
Hydrodynamic Tim
IC Engine

i

Linear Buckling
Magnetostatic

Madal Ilm * O x

Madal {Samcef) A -

EPNHERERRARRE

=

=

I
E

[ T L S

| View all / Customize. ..

1 Tune Til

4 I 2 4 1] b

o Ready [IEI Show Progress ]['-.,_—' Hide 1 Messages ]_:5

‘ - ;

Puc. 3.3

B neBoii cropone okHa Workbench Oyner HaxoauThcst maHesIb HHCTPY-
MEHTOB, 3aIOJIHEHHAs CHUCTEMaMH JUIS PEHICHHS Pa3iIH4YHBIX (pr3ndeckux
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3anmad. [locpenuae Oymer opraHu30BaH CO3aBacMEbIi MPoeKT. B okae Anal-
ysis Systems qBaKIbI KITMKHUTE JICBOM KiIaBHIIeH MBI 1Mo ctpoke Fluid
Flow (FLUENT). ITocne storo okHo Workbench Oyner BRITISneTs kak Ha
puc. 3.4.

G- Angle_shock_wave - Workbench : E@M

File  View Tools Units Help

] New [ Open... & save ﬂSave As... |ﬁ]1mport... |¢.|, Reconnect
Toolbo L I Al Froject Schematic a8 Propertie * 0 X

8 v - .,.

{4 DesignAs: 1 Property
@ Electric

i Explicit Dy
Fluid Flow:
Fluid Flow
Fluid Flow
Fluid Flow
Fluid Flow
Harmonict

m

—
i

Fluid Flow (FLUENT)

Geometry
Mesh

[ 9
m

Setup

Solution

= LT, [ S PR T |

OO 8e 0

ol | og) | ol | ol | egi

Results

Hydrodyni
yarodyn Fluid Flow (FLUENT)

Hydrodyni
IC Engine

Linear Bucl 52
4 1 3

Magnetosi
Modal 0 - o X
i Modal (Sar

= A 5]
Bl Pmmdee i

i 1 Tune il DatefTime
w All f Customize. .. 1 m | b 4 T b
; Ready [ Show Progress | Hide 1 Messages I_:E

EEREREERRERE

.3

Puc. 3.4

2) Coxpanunte npoekT nmog nmeneM Angle shock wave.
3) B okne Project Schematic (okna Workbench) knmkamTe mpasoit
KHOIIKOW MbIIKK Ha Geometry m BoiOepuTe Properties, kak mokasaHo Ha
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puc. 3.5. B mpaBoii wactu oxkna Workbench mosiBurcst okHO Property of

Schematic.

4) B okne Property of Schematic, B pa3nene Advance Geometry Op-
tions m3menure 3HaueHne Analysis Type Ha 2D, mockonbky fganee Mbl Oy-
JIEM HCIIOIb30BaTh JIBYMEPHYIO MOZICNIb TSUCHHS Ta3a.

6. Angle_shock_wave - Workbench

1=

File  View

Toobo AP
B Analysis Sys| *

| DesignAs:
Electric |2
ExplicitDy |
Fluid Flow-
Fluid Flow
Fluid Flow
Fluid Flow
Fluid Flow
Harmonick

[

&

EHERERRRERRE

Hydrodyni
Hydrodyni
IC Engine
Linear Bucl

.:E

Magnetosi
Modal
Modal (Sar

Mandamin

w Al f Customize. ..

IBE

Toals

_JMew [ Open..

Units

. lﬂSave ESEVEAS...

Help

g Import... | +Q Reconnect

3 x

Propertie L X
-~
1
2
& Cor

¥

| »

= Dire
New Geometry... =
3 @ Mesh w s 3
Import Geometr 3
4 a Setup Ro Y Ger
5 Soluton  |[=2 Duplicate '
6 @ Results Transfer Data From New  » | Soli
Fluid Flow (F Transfer Data To New 3 ﬂ
Lin¢
“#  Update —
Par
& Refresh —
4| 1 E
Reset Att
M EE Rename E
A -H_l Properties E
Tune H i
1| ] Quick Help k

@ Double-click componentto edit.

[0 Show Progress || Hide 1 Messages | .:

Puc. 3.5

5) B okne Project Schematic mBa)bl KIIMKHATE JIEBOM KIIABUIICH MEI-
mm Ha Geometry 94TOOBI HAYaTh MOATOTOBKY IMOCTPOCHHUS T€OMETPHUICCKOMH
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obmactu. Ilpm sToM mpowmsoiimer 3amyck mporpammbel ANSYS Design
Modeler. Bam OGyzner npemnokeHO BBIOPATh JKENAeMYyI0 €IMHHILY M3Mepe-
HUS JTIHHBEL, puc. 3.6. Beibepure metpsr 1 Haxxmute OK.

@) A: Fluid Flow (FLUENT) - DesignModeler g o (e )

J File Create Concept Tools View Help

| aHB@| & || Dinde Gredo |[select[*y T | R RIE @ -
S+ QREEA 0S|+ 6o |0
| M- W~ £~ fiv S~ A fim X =
|
|
J

XYPlane v ¥ | None - é‘j |J }’ Generate W0 Share Topology  [25|Parameters
[BEdrude FhaRevolve B Sweep  § Skin/Loft
W Thin/Surface QpE ANSYS Workbench g I
Tree Outline 3 -+ | Select desired length unit:
[E--/gal A: Fluid
& Meter " Foot
" Centimeter " Inch
" Milimeter
" Micrometer
g
—_—
Sketching 4 I ,I r Always use project unit
r Always use selected unit 1

Details View &
— [” Enable large model support

r

30.00 )
—

Model View | Print Preview |

|No Selection Meter |U— |!—é

Puc. 3.6
3.2.1. Co30anue 3ckuza

1) B manenn Graphics B HIDKHEM IPaBOM YIJTy KJIMKHHUTE JIEBOW KHOI-
Ko MpimM o ocu +Z. Ilocne sToro miockocts XY cOBOAAET € INIOCKO-
cTbio 3KkpaHa. (Ock +Z Oyzmer cMOTpeTs Ha Bac), puc. 3.7.

UYUroObl pHONIM3NTD WM OTHAINTh n300pakeHne Ha manenu Graphics,
CJIeyeT KIUKHYTD JIEBOH KHOINKOM MBIIIN IO TTAHETH M, Bpallas KOJECHKO
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MBIIIKHA, MOKHO JTOOMTHCS JKeIaeMoro pesynbrata. Eciau Bo3HHKaeT HeoO-
XOANMOCTh TEPEMECTUTh M300pakeHHWE BIICBO, BIIPABO, BBEPX, BHU3, TO
CJIelyeT KJIMKHYTh NPaBOM KHONKON MBIIIM M B KOHTEKCTHOM MEHIO BBI-
TIOJTHUTD CIEAYIOUIYIO MOCIe0BaTeNbHOCTh AelicTBuid: Cursor Mode—Pan.

IMocne sToro Kypcop mpumer (Gpopmy " . Knnknys mo manenun Graphics
JIEBOM KHOIKOM MBIIIH U yAEP)KUBas €¢, MO>KHO TIepeMeIaTh N300pakeHre
B JTFOOOM HAIPaBIICHUH.

@) A: Fuid Flow (FLUENT) - DesignModeler i o il il 0 loclol=)s s
J File Create Concept Tools View Help

| QB @] Dinde Greds [[seect [, b | @ W@ @ | &~
S ¢ QRS A 0K+ @ |02

| B> W~ g fiv S A~ fm A7
I
I
J

XYPlane v 3 | None A ﬁ | '} Generate @0 Share Topology  [25]Parameters

IR Extrude ﬁke\rol\re @ Sweep &b Skin/Loft

W Thin/Surface  Qp Blend v 4 Charnfer Q Point

Tree Outline T RelelsliiT<d
-l A: Fluid

—_—
Sketching 4 I >|

Details View 2

-
0.00 20.00 {m) L' 2

10.00

Model View I Frint leiewl

a Ready |No Selection ’m |l)— |I—A !
Puc. 3.7
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2) DOcku3 OynmeMm co3maBaTh B IDIOCKOCTH XY. s 3TOro Ha maHemn
Tree Outline xkmukanTe 10 XYPlane (puc. 3.7). B neBom HmwkHEM yriy ma-
nenn Tree Outline BeiOepure 3akmanxy Sketching. Bmecro manemn Tree
Outline nmosiBuTcst manens Sketching Toolboxes — manens MHCTpyMEHTaAb-
HBIX CPEJICTB ISl TOCTPOEHUS ACKM3a, puc. 3.8. [To ymomuaHHIO OTKpPBIBA-
ercs Habop HHCTPYMEHTOB Draw.

3) Ilepen mocTpoeHHEM 00JIACTH TIOKAXKEM KOOPAWHATHYIO CeTKy. Jliis
storo Ha manenu Sketching Toolboxes kimkHMTE TIO TaOymsTOpY Settings,
HaxXoJAIIEMYyCsl BHU3Y IIaHENH, 3aTeM — o HcTpyMeHTy Grid u HampoTus
Show in 2D ycranoBute ramouky, puc. 3.9. Ilocme 3Toro Ha maHenm
Graphics Oyner nokazaHa KOOpAWHATHAs CETKa, PACCTOSHUE MEXIY KOOp-
JMUHATHBIMU JIMHUSAMU 110 YMOTYaHUio paBHO 5 M. [lepefinute B HaGOp MH-
cTpyMeHTOB Draw.

Draw TE

" Line Modify
6 Tangent Line " -

X Dimensicns
6 Line by 2 Tangents
2\ Polyline Constraints
(=3Polygon Settings
T Rectangle @Grid Showin 20 W Snap: [
{Rectangle by 3 Points ﬁl\dajor Grid Spacing
@Oval ﬁMinor-Steps per Major
(= Circle ﬁSnaps per Minar

A Circle by 3 Tangents
“uArc by Tangent

&* Arc by 3 Points

dm Arc by Center (] |
b Ellipse

~ Spline

# Construction Point

¥ Construction Point at Intersection

Modify
Dimensions
Constraints

Settings

Sketching | Modeling ] Sketching | Modeling J

Puc. 3.8 Puc. 3.9
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4) Ha manemun Draw B Sketching Toolboxes BoiOepure Line 1 moctpoii-
Te 5 JUHUWH, OrpaHUIMBAIOIINX 00MacTh pacdera, puc. 3.10. s moctpoe-
HUS NEPBOM JIMHUM KIMKHUTE JI€BON KHOMKOM MBIIIM B HAa4aJe KOOPAUHAT,
3aTeM IIPOBEINTE MIPAMYIO B HAIIPABJICHUN OCH X. BTOpYIO JTMHUIO ITOCTPOH-
T€ U3 KOHLIA [EPBOH JIMHUU NOJ YIJIOM K OcH X. M3 KOHLa BTOpPOW JTUHUHU
CTPOUTCS TPEThsI JIMHUS M TaK Jajiee 0 MOTy4eHUs IATHYTOJIbHUKA, Kade-
CTBEHHO COOTBETCTBYIOIIETO puc. 3.2. Ecnu Kypcop BeCTH BIONb OCH X, TO
psizoM ¢ KypcopoM mnosiisiercs 0yksa H, Bnons ocu y — OykBa V, ecnu Kyp-
COp MOMECTHUTH B Ha4YaJ0 KOOPJHMHAT, TO PS/IOM C HUM IosiBiIsieTcs Oyksa P.

5) Hamecem pasmepsl Ha nsaTuyronbHHK. Ha manemm Sketching
Toolboxes BbiOMpaem Ttabynstop Dimensions — Generals. Ha mnanenn
Graphics moaBozast Kypcop K JEBOW CTOPOHE MSTHYTONbHHUKA, HAKUMAs U
yIepXKuBas JEBYIO KHOMKY MBIIIN, OTBOAUM Kypcop BieBo. Ilpu 3Tom mos-
BSTCS IMHUM pa3MeTKU. Takue ke JeWCTBUS NMPOIEIBbIBAEM C HIKHEH CTO-
POHOM U ¢ HaKJIOHHOW CTOPOHOM MATUYTOJIbHHKA, TOJIBKO KypCOp OTBOAUM
BHU3. Jl7s HaHeceHWs yria BeIOMpaeM B TaOymsaTope Dimensions omiuio
Angle, BeIZIeIsIEM HAKIIOHHYIO M HIDKHIOIO TOPU30HTAIBHYIO JIMHUH U BEJEM
Kypcop BBepX 10 mosiBiIeHus pa3Mmerku. Ha manenu Details View, xotopas
HaxoauTcs oy maHenbto Sketching Toolboxes, B rpynme Dimensions: 4
YCTaHABIMBAEM pa3Mepbl MATHYTOJIbHUKA COOTBETCTBYIOIIHE BXOIHBIM
JIaHHBIM 3afadd. JIjis Toro, 4ToOBl BMECTO HAa3BaHWW JMHHWHA HAHECTH Ha
pHCYHOK pa3mepsl ¢urypsl BeiOupaem Ha manenu Sketching Toolboxes
Bianky Dimensions, mpanee BeioupaeM ommmio Display u ycranaBimBaeMm
¢uaxok Ha mone Value. B pe3ynprate Mbl moxyuymwin GUrypy ¢ HaHECEH-
HBIMH pa3MepaMH, IPEICTaBICHAYIO Ha puc. 3.10.
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10000

150.00°

10.000

0.000

6,000 {rn)

Puc. 3.10

3.2.2. Co3zoanue nosepxnocmu

1) dns co3manus moBepxHocTel BbIOMpaeM B MeHio Concept, a 3aTeM

Surface From Sketches, kak moka3ano Ha puc. 3.11.

S A Huid How (FUENI) - Designoderer S

I File Create

Concept Tools View Help

o4&
I E'E)rtrude

5o’

l X¥Plane

Tree Outline

= «@ A
Bk

*= Lines From Points

£ Lines From Sketches

@) Lines From Edges

%, 3D Curve

s Split Edges

> Surfaces From Edges

@ Surfaces From Sketches

&0 Surfaces From Faces
Cross Section 4

Puc. 3.11
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A: Fluid Flow (FLUENT) - DesignMoedeler (== < —

File Create Concept Tools View Help E
AJHB @ seect |y By M@
B-0O- A Al o S AT

[ Extrude &*aRr:‘.ro\‘.re s, Sweep &b Skin/Loft

B Thin/Surface G Blend » € Charnfer @Point

SEQAGEG K4 Gl 0 |
25| Parameters

HPlane v | Sketeht - F

Graphics

Body/Face Thickness
04042016 13:34

NSNS

130
[l 0000 <000

Madel View | Print Preview

&3 Ready 1Plane Meter @ L

Puc. 3.12

2) Ha mamenmn Tree Outline, BoiOepure Sketchl, 3arem Ha mnanenun
Details View, nanporu Thickness (>=0), BeiOepute Tonmuny 0.1m. Ha-
npotus Base Objects kukante Apply. Oxonuarensno kinukauTe Generate,
9TOOBI CTeHEPUPOBATEH TIOBEPXHOCTD, pHC. 3.12.

3) Ha stom moxHO 3akpbsITh Design Modeler u BepayThCst B Workbench
Project Schematic ayst mocTpoeHnst pa3HOCTHON CETKH.

3.2.3. Ilocmpoenue cemku

Bynem pemaTh 3amaqy Ha paBHOMEPHOH CeTKe ¢ (PUKCHPOBAaHHBIM pa3-
MepoM siaeek. 3axonuM B MeHio Mesh (puc. 3.13)
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Fuid Flow (FLUENT)

2 @) Geometry ¥

3@ mesh o

4 @ setup T .

Tﬁ Sclution T o

?9 Results T 4
Puc. 3.13

1) I'enepupyem cerky: Generate Mesh (puc. 3.14).

@ A Fluid Flow (FLUENT) - Meshing [ANSYSICEM CrD] (1= | 51 S

File Edit Wiew Units Tools Help

@ v .Worksheet W
T L R ER( &S QA8

[ —

7 Show Vertices 350 Wireframe | Il Edge Coloring » A~ A~ A~ 4

—

Model | @ Virtual Topology | (4 Symmetry | @ Connections | @ Mesh N
Qutline 1

Selection .. & X

J Coordinate Syst

Ganmatns { Drint Drasvias b Ranart Desis £ 1

Puc. 3.14

2) Ilpumensiem ctune Mapped Face Meshing. [l sToro Ha nanenu

Outline

kinukaeM Mesh. 3aTeM Ha maHeIW WHCTPYMEHTOB BBIMOJHSIOT MO-

cnegoBatensHOCTE Mesh Control— Mapped Face Meshing, puc. 3.15.
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| File Edit View Units Tools Help H| -/ Generate Mesh @ il
BYR-YCRERREEER &5 P AR
| P’ Show Vertices 5 Wireframe | Bl Edge Coloring v £~ A~
[Mesh -/ Update | @Mesh v @), Mesh Control v | ljetric Grapr

Qutline @ Method
=] Project . Mesh Group
2 [ Model (A3) —
- A Geometry @1, Sizing
(-4 Coordinate Systems | W, Contact Sizing
o A Mesh A Refinement

! Mapped Face Meshing
i@ Match Control

Pl Al .l

Puc. 3.15

3) KimkaeM 1o reoMeTpudecKoil 00IacTH, OCe Yero OHa OKPAaIIBa-
ercst B 3eneHbli nBeT. [locne atoro kimmkaem Apply Ha manenu Details of
“Mapped Face Meshing”, puc. 3.16.

| File Edit View Units Tools Help |J| -/ Generate Mesh  +l il [ v (7 Worksheet | iy
(TR @- -0 L RE &S ¢ AR QFEms |0
J P Show Vertices g5 Wireframe | Il Edge Coloring v A~ A~ A~ .4 W [~] Thicken Annotations P Show Mesh
|Mesh <7 Update | g Mesh » &1 Mesh Control v | [\ eric Graph
Outline »
Project
2 (6 Model (A3)

(-, Geometry

[, Coordinate Systems

B 1@ Mesh

28 Mapped Face Meshing

&l
AL

A

Details of "Mapped Face Meshing” - Mapped Face Meshing &

(=1 Scope |~
Scoping Methad Geometry Selection E]
Geometry ” Apply Yy Cancel
=/l Definition e .
Puc. 3.16
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3.2.4. 3aganue y3/10B CeTKH HA TPaHULIAX

1) Cravana 3agaguM 4HCIO pa3OMEHMi BIONb JIEBOM BEPTHUKAIBLHOMN
rparutpl (TuHAS AA, puc. 3.2). s storo ximkaem Mesh Control > Siz-
ing (puc. 3.17).

@ Method

% Mesh Group

o Er I
%, Contact Sizing

,ﬁ, Refinement

[ Mapped Face Meshing
i@ Match Control

& Pinch

A3 Inflation

B sharp Angle

B Gap Tool

Puc. 3.17

E=SIcN’ X ]

P A Fluid Flow (FLUENT) - Meshing [A
File Edit View Units Tools Help “| v [BWorksheet | iy
® W @ "% BEE® & \'*'@@I@Qﬁi'ﬂﬁ\ﬂ'
5 Show Vertices 4@ Wireframe | B Edge Coloring * gv A+ Av A~ A+ A [Pl M Thicken Annotations T show Mesh
Mesh =/ Update | @Msh ~ @ Mesh Control = | | etric Craph
Outline L]
Project
G- (@ Model (A3)
-, B Geometry
5% Coordiate Systems
9% Mesh
/[l Mapped Face Meshing
8, sizing

Details of "Sizing” - Sizing L

£l Scope a
Scoping Method

Selection Information 7 x
| Coordinate system: Glonal Coordinate System » | @ | s .
= T 0.000 5000 () £
ity ength Centroid Cent ~
(m) X(m) Vi 2500
1Edoe Summary 10, 0. 57
« n ] » Geometry £ Print Preview  Report Preview, ]

Puc. 3.18
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2) Kimmkaem no ¢unetpy Edge in} 3areM MOABOIMM KypcOp K JIMHUHU
AA,, puc.3.2 (oHa TpH 3TOM OKPACHUTCS B 3€JCHBIA IBET), HAKUMAaEM
neByro KHONKY Mbim. [Tocie atoro xnmmkaem Apply Ha manenmu Details of
“Sizing” (puc. 3.18).

3) Ha manemn Details of “Sizing” B mone Type Beioupaem Element Size
u ycranaBnuBaeM 3Hadenue 0.2 (puc. 3.19)

‘=| Project
= Model (A3)
- M Geometry

----- o Coordinate Systems
-8 Mesh
e B Mapped Face Meshing

Suppressed Ma
Type Element Size
M Element Size 0.2
Behavior Soft
Selection Information ac:
Coordinate System:  Global Coordinate System v | o
Entity Length Centroid Cent -
(m) #(m) W
1 Edoe. Summary 10. 0. 507
4 | 1 3
Puc. 3.19
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4) 3navenue nons Behavior octasisiem Soft (puc. 3.19).

5) IponensiBaeM aHAIOTMYHYIO MpoHenypy ¢ m.1 mo m4 mis apyrux
rpaHuIL.

6) Ilocne storo B cTtpoke MeHIO kinkaem Generate Mesh (puc. 3.20).
Uto0BI YBUIETh CO3JJAHHYIO CETKY CIenyeT KINKHYTh Ha Mesh manemu Out-
line. B pasnene cratuctrka manenu Details of “Mesh” MokHO BHIeTh, 94TO
YHUCIIO DIIEMEHTOB TTOYIUIIoch 3256.

b At Fluid Flow (FLUENT) - ing [/
| File Edit View Units Tools Help “ ~/ Generate Mesh Y@ 160 [A) [ » [ Worksheet | iy

[FHYE-S-RERE ST QQ QaEQaRME|O-

| P Show Vertices  gi@Wireframe | Il Edge Coloring + £~ A~ A~ A= A~ x'7|~|Th\:kenAnnotatmns B Show Mesh =
|Mesh =} Update | 1 Mesh = B Mesh Contral v | [ 1etric Graph

Qutline 2
Project

- 8] Model (A3)

l TR Geometry
/2 Coordinate Systems
EI @ Mesh
[l Mapped Face Meshing
ﬁK Edge Sizing

E

Details of "Edge Sizing" - Sizing

q

=I| Scope =
Scoping Method ‘Geametry Selection u
Geometry |1 Edge

[=I| Definition .

Selectien Information %

| coordinate System: Global Coordinate system = | B | i

5.000 {m})

Mo Selection -

-

Puc. 3.20

7) MOXHO MOCTYNHTH HO-APYrOMY W 3a1aTh Ha TpaHHIAX (HUKCHPO-
BaHHOE KOJIMYECTBO pa3omenuit. [y aroro B myHkre 3 B noje Type HyXHO
BEIOpaTh Number of Division. IToctpoum ceTky, 3aiaB 3HaueHHs pazOue-
HUH COTJIACHO T€OMETPUUYSCKHMM IPOITOpIUsAM obnactu pacdera. Tak, Juis
maud AA | 3apaaum 50 pazouenuti, inauu BC — 25 pazOuenwii, nuann AB
— 50, rorma nmuanu A,C; cootBetrcTBYyeT 75 pazbuenuii, muanun CC; — 25.
KomimaecTBo 31eMeHTOB paBHO 2625.

8) bynem pemaTh 3aaqy Ha ceTKe, comepikamieii 2625 21eMeHTOoB.
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3.2.5. Ilpuceoenue umen zpanuyam oonacmu

1) JIeByto rpanuity obmactu (muHust AA;, puc. 3.2) HazoBeMm Inlet, npa-
Byto (muamsa CC,, puc. 3.2)— Outlet, HKkHIOIO Tpsmyro (dwHES AB,
puc. 3.2) — Symmetry, HUKHIOIO JIMHUIO, HAITPABICHAYIO IO/ YTJIOM (JIMHUS
BC, puc. 3.2) — Wall Conus, Bepxuror (muaust A C;, puc. 3.2) Wall. Otu
HMMEHA MPHUTOMATCS HA IOCIEAYIOIUX IaraXx Mpu MMOCTPOCHUH MOICTH C
ITOMOIIBI0 TTporpaMmel Fluent.

2) BrImogHUTE KIHMK MPaBOM KHOIKOW MBIIIN 10 CBOOOIHOMY IIOJIIO,
TJIe HapucoBaHa 00JIACTh C MOCTPOEHHOH ceTKoW. M3 crpoku Cursor Mode

BeiOepuTe QpuasTp Edge @ IlogseauTe Kypcop K JIeBOM IpaHMIIE, KOIua
OHAa OKPACUTCS B 3€JICHBIN I[BET, BBHIMIOJIHUTE JICBBIM KJIUK MBIIIKOM, IMOCTE
9TOTO BBIMOJHUTE MPABbIN KIMK MBIMIKON. B MosSBUBIIEMCS KOHTEKCTHOM
MeHro BeIOepute Create Named Selection, puc. 3.21.

3) Iosieutcs okuo Selection Name, puc. 3.22, B KOTOpOE ClIeIyeT BBe-
ctr Inlet. Haxars OK. ITomoOHyI0 omepamuo npojenaTh CO BCEMH TpaHH-
[IaMH, BBOJIS COOTBETCTBYIOIINEC NMCHA.

Insert 4
Go To 4

=/ Generate Mesh On Selected Bodies Selection Name M
#] Clear Generated Data On Selected Bodies

Enter a name for the selection group:

Parts 4
[Inleq
2 Hide Body
Suppress Body @ Apply selected geometry
@ Lsometric View Js’-\pp_lyr geometry items of same:
3 Set [ Size
32 Restore Default
pag Type
| @, Zoom To Fit U Typ .
[ Location X

Cursor Mode 4 :

- v [ Location Y
72 Laok At [] Location Z
#~ Create Coordinate System ’Tl o |
[a= Create Named Selection EnEs
& Select All L

Puc. 3.21 Puc. 3.22
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3.2.6. Coxpanenue, 6b1x00, 00HO61eHUE

1) Coxpanute npoekr. File—Save project

2) 3akpotite okHo Meshing. File— Close Meshing.

3) Ilepeiinute B okHo Workbench n 06HOBHTE IPOEKT, Ha’kaB Ha KHOII-
ky Update Project, 7 UPHateProject  yoropas maxomurest mox crpokoit

MEHIO.
4) OxHO IIpoeKTa MpUMeT Buj, puc. 3.23:

A

il
@ Mesh v
= @ Setup 2 a
5 Solution e,
6 | @ Results 7,
Fluid Flow (FLUENT)
Puc. 3.23

3.3. 3amyck ANSYS FLUENT

1) UtoOb1 cuntath reomerputo u cetky Bo FLUENT wiInkHUTE TpaBoi
KHOTIKOH MBIIIH TIO Setup U B KOHTEKCTHOM MeEHIO BeiOepuTe Refresh

2) ITocne storo cnenyer knmukHYTh Ha Update. B mpaBoif yactu saeiku
Setup momkeH MOSBUTHCS 3HAK BOIIPOCA, KOTOPBIN O3HAYAET, UTO IIPOIECC
eIIIe He 3aBEepIICH. DTH e TeHCTBHUS MOXKHO BEITIONHUTE C TIOMOIIY MTAaHETH
WHCTPYMEHTOB, HAXOIAIIEHCS MO CTPOKOW MEHIO.

3) ABaxnae! knmukauTe Ha Setup. 3arpysurcss FLUENT Launcher.

4) B paznmene Options moctaBeTe Tanodky psaom Double Precision.

5) Haxxmute Ha OK. FLUENT Oyner 3amymieH.

6) IIpoBepsiem uH(pOpMaLHIO O pasHOCTHOH ceTke Mesh—Info—Size.

7) IlpoBepsiem ceTky Ha Hanuuue ommbok Mesh—Check.

109



3.3.1. Ycmanoexu Problem Setup

1) g monmydeHus pemieHus BHIOEpEM YCTaHOBKH, COOTBETCTBYIOIIHE
Hamel 3agade. PaccMoTpuM MO NOyHKTaM, YTO Mbl 33JaéM B pasleie
Problem Setup (puc. 3.24).

2) Beibupaem Tum pematens. B pasmene General craBuM rajgoduky BO3-
ne Density-Based Type.

3) Beibupaem mMozesb, B paMKaxX KOTOPOH OyIeM MpPOBOIWTEH PEIICHHE.
Bxirouaem ypaBuenue sHeprun: Problem Setup — Models— Energy—On.

4) YcraHaBnuBaeM MOJENb HEBs3KOro TedeHus:: Problem Setup —
Models—Viscous—Inviscid— Ok.

5) Monyausmmasics okao Models mokaszano Ha puc. 3.25

Models

Multiphase - Off
Energy - On

Radiation - Off
Heat Exchanger - Off

Dcete Phase -Off
General Acoustics - Off
Models

Materials

Phases

Cell Zone Conditions
Boundary Conditions
Mesh Interfaces

Dynamic Mesh

Reference Values
Puc. 3.24 Puc. 3.25

6) 3amaem cBoiicTBa rasza. B pasznene Materials Betoupaem Fluid — air
(cToHT IO YMOJTYAHHIO) U 3aJaeM CBOMCTBa Bo3ayXa. [ 3TOro HaKMMaeM
Create/Edit, B mone Density 3amaem uneansusiii ra3 — ideal gas, B moe Cp
(TerutoeMKoCTh) BBIOMpaeM constant co 3HadeHmem 1006.43 Jlx/xr/K, B
none Molecular Weight (Mosnsiprast Mmacca) BeiOMpaeM constant co 3Hade-
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Huem 28.966 kr/kmonb. lomyduBiimecs cBOMCTBa Tra3a MOKa3aHBI HA PHC.
3.26. Haxxumaem Change/create u 3akpbiBaeM okHo Create/Edit Materials.

7) 3amaem rpannunble yeiaoBus. B mone Boundary Condition BeiOnpaem
1utst rpanut] inlet, outlet, wall Tun (Type) Pressure-Far-Field. J{ns xaxmoro
u3 noneit kmukaeM edit ¥ BbIcTaBisieM cBoicTBa. 3amaeM Gauge Pressure —
101325, Mach Number — 3, X-Component of Flow Direction — 1, Y-
Component of Flow Direction — 0. Bo Bxmagke Thermal 3agaem temmepa-
Typy raza 300 K. [Insa rpanunst wall_conus BeicTaBnsiem Tan wall, st rpa-
HULBI Symmetry CTABUM THII Symmetry.

8) s mpoBeneHNs pacueTa 3a1aeM MaciTaOHbIe BeNHIUHEL. J[71s1 3T0-

ro Bo Bkiaake Reference Values BbicTaBisieM 3Ha4eHHs, ITOKAa3aHHBIE Ha
puc. 3.27.

7 i
Create/Edit Materials |
Na!'ne - Material Type Or?er Materials b
| air [ﬂuid _] © Name
. () Chemical Formula
(el i - FLUENT Fluid Materisls
[EII’ v]
none s
Properties
-
Density {ka/m3) [\deal-gas v] Edit... ]
Cp (spedfic Heat) (kg4 [constent ] (Edit..
| 1006.43
Molecular Weight (kg /kgmol) [mnstant v] Edit =
| 23.966
[ Change[Create ] [ Delete ] [ Close ] [ Help ]
| i
Puc. 3.26
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Reference Values

Compute from

Reference Values

Area (m2) | 1

Density {ka/m3) | 1.225

Depth (m) | 1

Enthalpy (/ka) | 344043.4

Length (m}) | 1

Pressure (pascal) | )

Temperature (k) | 300

Velocity (m/fs) | 1

Ratio of Specific Heats | 1.4

Puc. 3.27

3.3.2. Ycmanoexku Solution

PaccmoTpum Temeph ycraHOBKHM pemaTens (puc. 3.28), It KOTOPBIX
OyzneM IpOBOJWTH pEUICHHE 3a1adu. [ pemeHust mocTaBiIeHHON 3a1adn
Oynem ncnons3oBath anroput™M SIMPLE merona Ilarankapa, ¢ mpusiede-
HHEM IIPOTUBOIIOTOYHOH CXEMBI BTOPOI'O IMOPSAKA TOYHOCTH IJISI KOHBEK-
TUBHBIX YICHOB.

Solution Methods
Solution Controls
Maonitors

Solution Initialization
Calculation Activities
Run Calculation

Puc. 3.28
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1) Beibepem meron pacuera. Bo Brimagke Solution Method 3amaem sB-
weid Meron (Formulation-Implicit) u BTopo#t mopsmok Tounoctu (Flow-
Second Order Upwind).

2) Bo Brmaake Solution Controls 3amaem 3nauenue uncna KypaHra,
paBHoe 5.

3) Bo Bxmagke Monitors xnnkaem mo Residuals-Print, Plot, otkpoercs
OKHO, B KOTOPOM MBI MOXXEM DPEryJIHpOBaTh BEIWYMHY «HEBS30K», 3a/1aeM
BO Beex moisix 3Hauenne 107° (em. puc. 3.29).

= Residual Monitors [iz-,l
Options Equations
P Residual Monitor Check Convergence Absolute Criteria = =

Plot continuity 1e-06

Window = ’W ’T
t B
Iterations to Plot ’W ’T

1000 % energy 1e-06

= =

=

Residual Values Convergence Criterion
| Iterations to Store [C] Mormalize el absolute -
1000 = < =
&= -
Scale
[ Compute Local Scale

OK ] [ Flot ] [Renormalize] [ Cancel ] [ Help

Puc. 3.29

4) Bo Brmamke Solution Initialiazation 3amaemM HadanpHBIC TaHHEIC.
Bribupaem Initialization Method — Standard Initialization. Bo Bxmamke
Compute from BeiOupaem nosne inlet u >kmem Initialize.

5) Bo Brmagke Calculation Activities MOXKHO 3a/1aTh aBTOCOXpaHCHHE
pacueroB (Autosave), KOTOPOE UMEET CMBICH JICNIaTh IIPH [IPOBEICHUH JITH-
TENBHBIX PACyYeTOB, W TPH ABAPUIHON OCTAHOBKE MOXKHO BO30OHOBISITH
pacyer ¢ MocieaHei ToUku coxpaHeHus. Mbl He OyleM yCTaHaBIIUBAThH aB-
TOCOXpaHEHHE, TAK KaK PACUCThI HE MPEIIIONATat0TCS JOITUMHU.

113



6) Bo Bximaake Run Calculatoion BricTaBmsiem umcio utepamuii - 10000.
Eciu BenMuuMHA HEBS30K OyJeT MeHble 3HadeHus 10 °, To pacuer npekpa-
TUTCS aBTOMaTh4ecku. VHave, pacder OyIeT MATH A0 TeX IOp, MOKa He
mpoiimer 10000 ureparmii. [lepen HavaroM pacyeToB COXpaHAEM IMPOEKT —
Save Project. Knmukaem Calculate 1 cMOTpuM Ha OKHO pe3ysbTaToB. B okHe
pE3yIbTaTOB BBILAIOTCS TpaHKU, COOTBETCTBYIOLIHE BEIWYHMHAM «HEBS-
30K».

3.4. Pe3yabraThl pacuera
BenuunHa «HEBS30K» B 3aBUCHUMOCTH OT HOMEpa UTEpall MpeiCTaB-
nera Ha puc. 3.30. Pemenne connrock 3a 167 urepanmii.

1e+01
1e+00  cogduals
] x-ve‘ocn
-velocit!
1e-01 =
1e-02 E
1e-03
1e-04 E
1e-05
1e-06 E T
1e-07 T T T . . . T T .
0 20 40 60 80 100 120 140 160 180
Iterations
Puc. 3.30

Hwmxe mpencraBneHsl pacnpeaencaus ckopoctu (puc. 3.31), maBreHus
(puc. 3.32) u temnepaTypsbl raza (puc. 3.33), TONXYJHUBIIHECS TIPH pacyueTe.
Pe3ynbTathl pacuera COOTBETCTBYIOT KOCOM yIapHOM BOJIHE.
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Bl 'R N

—

1041
1005
968
931
894
858
821
784
747
7
674

781384
713378
645372
577366
500360
441355
373349
305343
237337
169331
101325

Puc. 3.31. Pacripenenenue ckopocTH rasa

Puc. 3.32. Pactipenenenue naBieHust
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613
550

919
488
457
425
394
363
331
300

Puc. 3.33. Pactipenenenue Temiiepatypsl ra3a

s Toro, 4ToOBl KaK MOYKHO TOYHEE PACCYMTATH 00JACTb TCUCHUS B
OKPECTHOCTH YIapHOW BOJHBI, 3aTYCTHM Pa3HOCTHYIO CETKY B 9TOW obiac-
TH.

1) CHavasa HoKa’keM MCXOJHYIO ceTKy. s 3Toro BhIOEpeM BKIAAKY
Results — Graphics and Animations— Mesh, B mosBUBIIEMcSl OKHE OTMETUM
Bce rmoBepxHocTH (Surfaces) 1 HaxkmeM KHoONKY Display.

2) IlpucrymuMm K 3arymieHdio ceTkd. Brerioepem Biimamky Adapt —
Gradient Adaption. Ha sxpaHe nosiBUTCSI OKHO, ITOKa3aHHOE Ha pHc. 3.34.

3) B cronbme Options ormeuaem ranoukamu myHKTH Refine n Coarsen.
B cron6due Method momewaem Gradient. Betoupaem Gradients of Pressure —
Static Pressure u Haxxumaem kHOomky Compute. Ha skxpane otoOpazsrcs
MUHUMAaJFHOE (Min) 1 MaKCUMalTbHOE (Max) 3HAYCHUS TPaIUCHTa CTaTHIC-
ckoro nmaBnieHus. [lepexomHOi 00JacTH COOTBETCTBYET 00JACTb PE3KOro
W3MCHEHHS TPAJIUCHTA TaBJICHUS.

4) Otkpoem Bkianky Results — Graphics and Animations—Contours.
Bei6epem Contours of Adaption — Existing Value u Haxkmem knonky Com-
pute. B rpadhax min u max aBTOMAaTHYECKH HOSBATCS 3HAUYCHUS, BBIYUCIICH-
HBIE B npeaplaymeM nmyHkTe. CHuMeM ranodky ¢ Bkiagkd Node Value u
HaxkmeM kHonky Display. Ha skpane otoOpasurcs kapTuHa 0e3 pa3MbIBa-
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HuA. Bel Moxere BHUCTH, YTO 30HA PE3KOro M3MCHCHUA I'paJUCHTA JaBJIC-
HHUA TIOKa3aHa «KKBaJApaTUKaMn».

[ Gradient Adaption | DS |
Options Method Gradients of
Refine () Curvature [PfESSUfE- " v]
Coarsen @ Gradient =
[T Mormalize per Zone () Iso-Value [Smtc fiesaue ']
- Min Max
Normallzatlon | 0 | 0
@ Standard
() Scale Coarsen Threshold Refine Threshold
() Normalize | 0 | 10000
Dynamic
DDynamic
Interval
100 (=]
=
[ Adapt ] [ Mark ] [Compute] [ Apply ] [ Close ] [ Help ]
L
Puc. 3.34

5) Bepuemcs B okomko Gradient Adaption u3 mynkra 3. B crpoke
Refine Threshold BBenem 3Hauenwe 10000 n Haxxmem kHOnKy Mark. DT0
JIEWCTBHE JAaeT BO3MOXXHOCTh OTMETHTH BCE TOUKH, TAE TPAJUEHT CTATHIE-
ckoro maieHus Oomprne 10000. DTH TOYKHM 3aaf0T TPaHUILY TEPEXOTHOU
obnmactu. KomuuecTBo TOYEK MOXKHO YBHIETh B OKHe KoHcomu. [lanee, B
oxHe Gradient Adaption ximkaem kHonky Adapt, B okHe Results — Graphics
and Animations— Mesh ctpoumM nomyuusmrytocst cetky. Ha puc. 3.35 BuaHo,
YTO CEeTKa M3MEHWJIA CBOW BHJ M MMEET 3aryIeHHEe B OKPECTHOCTH KOCOH
YAApHOU BOJIHBI.

6) IlpoBomuM pacdeT 3aJayll HA HOBOH CETKE, IUIS ITOTO IOBTOPSEM
MyHKTB 4 — 6 mpenpiaymiero paszaena «YcraHoBku Solution». CkopocTh
CXOOUMOCTH PELICHUs] OTIMYAETCS OT CKOPOCTH CXOAWMOCTH AJISI PaBHO-
MEpHOH CETKH, YTO OOBSCHIETCS PEe3KUM H3JIOMOM ceTKH. OTpaHHuuUM pac-
ger 200 uTeparsIMy U TOCMOTPHUM Ha TIONTy4eHHBIE pe3ynsTaTel. [locTpouB
mosie paBieHus (puc. 3.36), MOXXHO YOGIUTHCS B TOM, YTO OOJIACTD IEpEXo-
Ila craja Ooiee y3KOM.
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3.5. 3amaHue 11 cAMOCTOATEIbHOH PadoThI

Pemmre 3amauy o TeueHWH ras3a, HAOETAIOIIETO CO CBEPX3BYKOBOU
CKOpPOCTBIO Ha OSCKOHEYHBIA KJIIMH C YIIIOM Iipu BepmuHe 20. Xapakrepu-
CTHKH 00JacTH pacdeTa ¥ 3HAYCHUS YIIIOB JaHBI B Tabnmie. Kima obrekaer
TIOTOK BO3/yXa CO CIEAYIOUIMMH mapaMerpamu: p = 1.225 kr/m’, p=2-10"
5 Ma-c. Crartuueckoe napienne Haberaromuero noroka P = 101325 I1a, Tem-
nepatypa 7 =300 K, gucmo Maxa M = 3.

Pemrenue mpoBennTe Ha OBYX ceTkax ¢ pazmepom staeiiku 0.2 u 0.1.
CpaBHuTe monydeHHble penieHus. IIpoBennTe amantanuio (M3MeEIbYCHHE)
KaXJIOW CETKU B OKPECTHOCTH KOCOM YAapHOW BOJIHBI.

No 0, rpan AB, m BC,m AA;, m
1 40 15 7 10
2 30 15 7 10
3 20 15 7 10
4 40 14 5 10
5 35 14 5 10
6 25 14 5 10
7 40 14 5 12
8 42 14 5 12
9 38 14 5 12

CpaBHHUTE MOIYYEHHBIC YMCIECHHBIE PEMICHHUS C TOYHBIM PEIICHHEM
9TOH 3amaun. J{JIsl MONMydeHUs] TOYHOIO PEUICHUs BBHIIIOIHUTE CIETYIOIINe
pacyersl:

1) Omnpenenure yroyn HaKJIOHa KOCOM yAapHON BOJNHBI K HANPABICHUIO
Ha0eraroIero moToka 3, KOTOpbIi HAXOAMUTCS U3 CIEAYIOLUIErO HeIHHEHHO-
IO YpaBHEHUSL:

(v +1) 0
2(M” sin’(8) — 1)
IJie Y — OTHOLIEHUE TEIUIOEMKOCTEH, ¢,/c,; M — uncno Maxa HaGeraromero

MoTOKa; B KadecTBe pemeHnst 3TOro ypaBHEHHUs clexyeT OpaTh HEpBBIi
TIOJIO’KUTEIIBHBIN KOPEHb.

ctg(0) = tg(B)
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2) Haifigure ymcmo Maxa moToKa 3a KOCOW ymapHOW BONHOU M| w3
(hopMyIEL:

2 .2
2yM” sin”(8) — (y = 1)
3) HaiinuTe craTmueckoe MaBICHUE BO3IyXa 32 KOCOH yJapHOU BOJHOM
P, u3 dopmymsr:

B 2 sin’(8) — (v~ )
P v+1 '
4) Haiigute Temrepatypy BO3IyXa 3a KOCOH yaapHOW BomHOHW 7| w3
(hopMyIEL:

T B |(y =DM’ sin*(8) 42

T P| (y+1)M’sin’(B)
5) Cpasaute pe3ynpratsl it M, Py, T; ¢ pe3yiabpTaTaMu, HOMy9IeHHbI-
Mmu ¢ omomsio Ansys-Fluent.
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