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CIIUCOK OBO3HAUYEHMUII, COKPAIIIEHUI 1 CUMBOJIOB

D, d - nuamerp, m;

' — nnomanp, Mz;

(G — MaccoBBIid pacxo/, Kr/c;

P — napnenue, I1a;

Il — myomane, Mz;

1" — temneparypa, K;

V — o0beM, M°;

W — cKopocCTh, M/C;

X, Y, Z— Texylue KOOPAUHATHL, M;

g — YCKOPEHUE CBOOOIHOTO MaJICHUS, M/Cz;

L — IJIOTHOCTD, K%w 5.

t— Bpems, ¢,

N — 4acToTa BpauleHusi, 00/MUH;

JIBC — nBurarens BHYTPEHHETO CTOPAHUS,

TBC — TOIIMBHO-BO3AYIIHAS CMECH,

KB — koieH4aThIi Bal,

PB — pacnipenenurtenbHbIN Ba,

I'M — rnaBHOE MEHIO,

OC — onepanmoHHas CUCTEMA,

2D — nByxMepHas 3a/1a4a;

3D — TpexMepHas 3a1a4a;

CAE (Computer-aided engineering) — KOMIObIOTEPHBIN HHKCHEPHBIN aHATN3,
CAD  (Computer-aided  design) —  cucTtemMa  aBTOMATU3WPOBAHHOTO
NPOEKTUPOBAHNS,

CFD (Computational fluid dynamics) — BelunciantenbHas TMIPOAMHAMHUKA,
k- — qByxnapaMeTpuieckas MOAEb TYPOYJIEHTHOCTH.

Z-Coordinate — koopauHara-Z.



BBEJAEHUE

Llenpro naHHOUW pabOTHI MOACIUPOBAHUE TEIJIOBBIX M Ta30MHAMUYECKUX
MPOLIECCOB B 3JICMEHTAX CUCTEMbI OXJIKICHUS JBUTATEIISE BHYTPEHHETO CTOPAHUs,
TaKUX KaK paguarop U Hacoc. JlaHHOE MOAEIIMPOBAHUE JOJDKHO ITPOU3BOAUTHCS HA
OCHOBE PE3YJIbTATOB PacueTa CUCTEMBI OXJIKACHUS B COOTBETCTBUUA METOIMKOM
[1]. OrnenbHOe BHMMaHWE B PpadOTE YICACHO TMPOIECCY MOICIUPOBAHUS
KaBUTAMK B UEHTPOOCKHOM Hacoce. Pemenwe mnocnenneil 3agaum Tpedyer
UCNoJib30BaHus B nporpaMmHoM komiuiekce FLUENT wmopenu asuxkyuieiics
CUCTEMBI OTCUYETA U MOJICITH KABUTAIWH.

IIpy 3TOM TaKXKE pacCMOTPEHBl CIIEAYIOMIME AaCMEKThl HCIOJIb30BAHUSA
nporpammbel FLUENT: npumeHnenue k-e ™Mojeneid TypOyJIEHTHOCTH, BBIOOD
MOJIETIM CMECH, CO3[JaHNE PACUCTHOM KABUTALIMOHHONW MOJIENH, PacyeT 3a1a4un Oe3
KABUTALIMU B ITIOTOKE U C KABUTALUEH.

B pabore mnokazaHo Kak MOPOU3BOAMUTCS MOJCIMPOBAHUE TEMIOBBIX
nmpoueccoB B pamauarope. Ilpy 2>TOoM BHauvane MOACIHUPYETCA TEYEHUE
OXJIKIAOLIEH JKUIKOCTH B JIBYXMEPHOW MOIEIM paguaropa Ui ONpeAcsieHus
3HAQUYCHUS €ro Ko3(p(uiMeHTa Terionepeaaund. 3areM MPOBOJMTCS PacyeT W
MOJECIUPOBAHUE BCEX IMPOLIECCOB HA TPEXMEPHOW MOIENM NPOEKTUPYEMOIO

pajmaropa.



1 MOAEJINPOBAHUE ITPOIECCOB B HEHTPOBE KHOM HACOCE
CUCTEMBbI OXUTAYKAEHUA

1.1 IlocTpoenue 3-D Mmoae/iu BHYTPEHHET0 KAHAJIA HACOCA

[Tocne BBIMOJHEHUST PACUECTOB B COOTBETCTBUM C METOAMKOW [1] m
NOCTPOCHHUSI CXEMBI MPOQUIIS JOMATKA HAcoca CO3AACTCA PAcueTHas MOJEIb B
kakoi-mbo CAD-nporpamme (Hanpumep, Kownac, SolidWorks). Ha pucynke 1
NOKAa3aH pe3yJIbTaT IMOCTPOEHUS TEOMETPUYECKONH Moaenu B mporpamme Solid

Works 110 3aJaHHBIM TTapaMeETPaM.

Pucynok 1 — IlocTpoenue reomeTpuuecKoil MOaeIn
[Tony4yeHHas MOJENb 3aT€M HMMIIOPTHPYETCs B moctnpoueccop Gambit, B
KOTOPOM MPOBOJSTCS JOMOJHUTEIbHBIE TIOCTPOCHUS, a Takke €€ pa3OucHHe
CETKOM W 3alaHWE TPAHWYHBIX YCIOBHHA. JlJIs MMIOPTHPOBAHHS HEOOXOAMMO
COXPAHWUTb MOJENb B OJHOM M3 MOJACPKMBAEMBIX MOCTOpoLeccopoM Gambit

dopmaroB: PARASOLID, ACIS, STEP wiu [GES.

1.1.1 Iloozomoeka K uMnopmuposanuio
Kaxk Obl10 CKa3aHO BbILIE, MOJENB COXpaHsieTcst B (hopmare Parasolid B ToM

CAD-nakete, B KOTOPOM OHA CO3/aBajiach (PUCYHOK 2).
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Pucynok 2 — CoxpaHeHue Moaenu

[Ipu 5TOM MOzENM MPUCBAMBAETCS COOTBETCTBYIOLIEE HA3BAHME, HAIPUMED

pump. X .

1.1.2 3anyck npozpammuvr Gambit
3anmyCck ~ JaHHOW  mporpamMmbl  OCYIIECTBISIETCS  HAKATUEM  HA
COOTBETCTBYIOLLMIA SApibIK HA pabouem cToJie uiu u3 MeHto [lyck OC Windows:
Ilyck— Bce npoepammer — Fluent Inc Products — Gambit 2.3.16 — Gambit 2.3.16
B pesynbrare 53TOro ACHCTBHS TOSBUTCS OKHO, HW300paXEHHOE Ha
pucyHke 3. B Hem B mone Working Directory Heo0XoauMo BbIOpaTh Marmnky, B

KOTOPO# OyyT COXPAHSATHCS MOJCH B TAHHOM CECCHH.

o
‘Working Directory I F\Work j Browse
SessionId I new session ;’

Options I 2316

Pucynok 3 — CraptoBoe okHO nporpammbl Gambit



,\(' GAMBIT  Solver: Generic ID: default_id

Hocrpoe]-me MO

Edit Solver Help

PazbueHne Ha KOHEYHBE
BMEMEHTE

Bepxuee MeHIO T'napHOS MEHIO

3ananve TPaHMYHBIX YCTIOBMH

JonoMHATEMhHBIE OTIITHH

Gy

LL‘ Gx
Q07n1acTh IOCTPOSHHA MOISMH

[KHOIIKH YIIPaRIeHHS BUNaMK

[ ‘ Operation

& o|Bni

MeHI0 TOCTpoSHUA
MOIeIH

O0TM@eHA JeicTBUA

KauecTRO
CETKH

Global Contre!

1 ective B R [l 24|

Transcript Description

#++ LISTING "default id" FILES IN DIRECTORY Onucanye KHOIIOK

OxHo coobIeHMH

G 0 KomangHasa crpoxa

R e 2

= [ DS

Pucynok 4 — PabGouee okHO niporpammbl Gambit

[Tocne 3TOrO ClenyeT HaXKaTb KHOMNKY Run. OTO NPUBEAECT K IMOSBICHUAIO

OKHa nporpamMmsl Gambit. OHO TOKa3aHO HA PUCYHKE 4.

1.1.3 Ilocmpoenue pacuemnoii mooenu

Jlamee MMMOPTUPYETCS COXPaHEHHAs MOJCb pump.X ¢ B TOCTIPOLECCOP

Gambit (pucyHok 5, 6): File — Import — Parasolid

€ GAMBIT  Solver: FLUENT 5/6 ID: def
[ = ;
_Elil Edit Solver
" New ...
Open ...
Save
Save As ...
Print Graphics ...
Run Joumal ...
Clean Jounal ...
Vview File ...
import " acs...
Export ~ Parasolid ..
Reconnect Cﬂg IGES ...
Exit STEP ...
Catia V4 ...
Catia V5 ...
ICEM Input ...
Vertex Data ...
CAD ...
Mesh ...
Turbo ...
Plug-in ...

Pucynok 5 — ITonnep:xuBaembie popmaTsl uMnopTaposanust B Gambit



= —
lx GAMBIT  Solver: FLUENT 5/6 ID: default_id5084
i

File Edit
F
3¢ Import Parasolid File

Solver

File Name: I DApump.x_t

Browse...l

Import Options:

Model Scale Factor |1

Stand-alone Geometry:
- No stand-alone vertices
- No stand-alone edges
1 Mo stand-alone faces

-1 Heal Geometry
W Make Tolerant

Accept I Close |

Pucynok 6 — Umnopt monenu

[Tpu 5TOM NOy4aeTCss MOJEIB, COCTOSIIAs U3 ABYX 00BEMOB: KPbLJIbUATKU U

Koprmyca (PUCYHOK 7).

[SGAVAI _ Soher AUENT 56 1D:defaut 1672 o
- - i s =
Flle Edit Solver Help Operation
e —— [ 8| i
> ‘6 —t
»—y = = = P
4 & 14 El T | P8
-— - “* Volume
A o < @|@|CZ>||@ el
rd) - i > = > -
L4 = N e
- # - oml =)
s i
4 - A J -8 @ -l &
4 ' s
Available Picked
% ) \ volume.1 ._.>|
R & e 4 I volume 2
& -1
+ LN
1 \ —|
\ w4 -
!
$
All>|
- 4 \ b
" A
b . | | <-All
RSN ¥s ) =
. ¥ ’ { WX Nofiter s | Qose
¥ e 4 * V2
y, 429
Sy + )
" ~— oy g it (7
A ¥+ -
4
é < Ly
e~ £ ¥
- +
S
Global Control
\ Transcript S Do active | P (1 | ) | E0 | o |
Command) import parasolid "D:\\pump.x t' scale 1 tolerant v | ‘ - Bx 4
Input file has units "n" w2 g f:a
Inported: 2 ACIS BODY(s), 0 FACE(s), 0 EDGE(s), 0 VERTEX(es) N
Command> default set "CRAPHICS.GENERAL WINDOWS_BACKGROUND_COLOR" string "white" 7 ;l I.g Q
I :
 comman: | B . = 4

Pucynok 7 — UmnoptupoBaHHast MOAENb

10



Crnenyromum ACHCTBUEM CO3Ja€TCs PACUETHBIM KaHail Hacoca. J[st 3Toro
BBIUMTACTCS 00BEM pabouyero kojieca M3 Kopryca (PUCYHOK 8) ¢ MOMOUIbIO

CIIEIYFOLIAX MAHUITYJIAL{AN:

Geometry N Volume @ Subtract
(I'eomerpus) (O0BeM) (BpruecTs)
FE GAMBIT Solver, FLUENT 5/6_ID: defoutias1:2 IR~ — — SR
i Edit Soiver Help Operation
[ o] il
Geometry
9| o|ofo|B
SlofF ol e|
%5 <]
Volume [vm"‘”—ﬂ

- Retain

Subtract

L e o Y

1 Retain

Tolerance  Auto

Apply | Reset | cose |

Global Control

E— * — e 15 F8| )| £ | |
Input file has units "n”
Imported: 3 ACIS BODY(s), 0 FACE(s), O EDGE(s), 0 VERTEX(es) _,&
Comnand> volume delete *wolume 1* lowertopology gnl ‘l -l o7 | 'CB
Deleted volume: volume 1 n
Y 7| o
: | BB| @] ] |

Command> default set *GRAPHICS.CENERAL.WINDOWS_BACKGROUND_COLOR" string "vhite®
Pucynok 8 — Y nanenne 00bpéMa KpbUIBYATKH U3 PACUETHOTO 00BEMA

command: |

Janee HeoOx0aMMO Pa3OUTh HA HECKOJIBKO YacTEH BBIXOJHYIO MOBEPXHOCTh
IJIs TPABWJIBHOTO HAJIOXKEHHUS TPAHWYHBIX YCIIOBWM. Jlias »toro crtpoum 4
BCIIOMOTAaTENIbHbIE TOUKU. MEHIO MOCTPOCHUS TOUYEK MO KOOpAUHATaM (PUCYHOK 9)
BBI3bIBAETCS B [NIABHOM MEHIO C MOMOIIBIO KOMAH/IbI:

Geometry Vertex Create vertex
(Teomerpusi) @ —  (Touxa) ! —  (Cosmanme |
TOYKH )

B nosBuBmemcs Mento B nojie Global (B rnobanbHONW CUCTEME KOOPAWHAT)

CIIEAyeT BBECTH KOOpAMHATBHI TpeOyeMol Toukn, Hanpumep (0; -33,5; 50).

11



[TonTBepkaaeTcss MOCTPOCHUE TOUYKH HAKaTHEM KHONKU Apply. AHAIOTWYHBIM

00pa3oM clieayeT BBECTH BCE HEOOXOAUMBIE TOUKH.

P AV Soher AUENT 5765 defout 3132 T L ———
- | [ 2] @ il

S EIEE B
2N F@JMQ

Global Control
c ed rtex ORAPHICS VINDOV- UPPER LEFT
Command)> ver # coordinates 0 -33.5 -20 QUADRANT
Created ver ex. 182
Command s coordinates 0 -33 5 S0
Created w - 3

7 gl X

g

Ccommand: [

Pucynok 9 — Iloctpoenne BcnoMoraTeabHbIX TOUEK
Uepe3 TNOJNYYECHHBIE TOYKM CTPOATCA 2 BCIIOMOIAaTeNIbHBIX  JIMHUHU

(pucyHOK 10) ¢ TOMOUIBIO BBIOJIHEHHUS! CIIEAYFOIIMX ACHCTBUIA:

Geometry Edge Create edge

(FeomeTpus) —  (Juams) 7| —  (Cosnanme ;—+|

JIMHUM)

3arem C MOMOIIbIO MOCTPOCHHBIX JIMHUH pazduBacTcs Tpedyemast IIOCKOCTh

(pucynok 11):

Geometry Face Split Face
(Feomerpus) — ([nockoets) | [1F  — (Pasnenenne |[H
TJIOCKOCTH )

12
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-

Type: 4 Real  Virtual

we [
_foply | Resst | Gose |

Created vertex: vertex 183

Command) edge create straight “vertex 181° “vertex 180"
Created edge edge 267

Comnand> edge create straight “vertex 182° “vertex 183"
Created edge: edge 268

=t

GRAPHICS WINDOW- UPPER LEFT
QUADRANT

peve B\ OB | G| G5 | |
ol @ 8[| 5|
1) OIS REN

Pucynok 10 — Iloctpoenne BcnoMoraTenbHbIX JTUHUN

Face |lace ER) *|
3pit with Edges - I

o [ sl

Tolerance Auto o

O Description
Command> face split “face. 56° edges “edge 267" GRAPHICS VINDOV- UPPER LEFT
Created: edge.271, edge. 269 QUADRANT
Command> face split “face 56° edges “edge 268"
Created: face.99
Created: edge. 272, edge 274 -;
Ccommand: |

Pucynok 11 — Pa3bueHue BBIXOHOH MOBEPXHOCTH

13
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B mento Face BeIOMpaeTCcs BBIXOAHAs MOBEPXHOCTh, a B mosie Split with
BbIOMpacTcs FEdges (pa3OuTh JHMHHEH), B KOTOPOH BBIOMpacTCs OJHA U3
MOCTPOEHHBIX JIMHUH. AHAJIOTUYHAS OTIEPALMS BBITIOJIHSAETCS U CO BTOPOH JIMHUEH.
[Tocrie BBIMONHEHUSI BCEX NAHHBIX ACHCTBUN CIEAYET MEPEHTH K Pa3OUEHUIO
MOJEJIA HA KOHEYHBIE AJIEMEHTHI.

HaknanpiBaercs Tetpa rtHOpHaHas ceTka ¢ pasmepoM  siueek 0.8

(pucyHOK 12) 3a cHET BBIMOIHEHHS CIAEAYIOIMX ACHCTBHIA:

Mesh
Mesh Volume | volume
(Cerka) @l - (O0BeM) @ - (pa3outh ﬁl
00BEM)

X GAMBIT _ Solver: FLUENT 5/6 1D:d v -
File Edit Solver Help Operation

o[7]s)u

7 _|%| |z
e s2fw] |il|

voumes  [fommes  #f

Scheme: W Apply  Defautt

Hements:  ToyHybrid
Type: TGrid -
1 Meshed S.F. on B.L. cap
Growth rate l—
Hax. size l—

Spacing: W Apply  Default

F q Interval size

Options: W Mesh
1 Remove old mesh
1 RABve vver Bch
1 Ignore size functions

Apply | Resot | Gose |

Global Control

— * e — PN T TR T

I3 || craprzcs wiNoow- UPPER LEPT
|UAD)

v oLune
default set *GRAPHICS.GENERAL. VINDOWS_BACKGROUND_COLOR* string “vhite® QUADRANT i =
act *volune. 3" volumes *volume.2" vE H o7 _(:8
olume. 3 subtracting volumes
X a
1| EB| @] 88| X

Pucynok 12 — HacTtpoiika npouecca NOCTpOEHHs CETKU

P

B none Volume BbiOmpaetcs uccienyembliii o0beM, a B mnone FLlements
BoiOUpaetcs Tet/Hybrid. B meHwo Spacing (pa3Mep s4YEHKH) yCTaHABIIMBACTCS
3HaueHue 0.8. Iy MOATBEP:KICHUS BCEX HACTPOEK HAKMUMAETCS KHONIKA Apply.

[Tocne ycrnemHoro pa3oueHust NEPEXOIUM K 3aIaHU0 TPAHUYHBIX YCIOBHN

(pucyHok 13).

14



S OB sover T 56 B G T i

D gau—_l

Wall_rpm

Pressure_outlet

()
Speclly nmmary Types
FLUENT 5/

£ o2 Action:
Velocity_inlet v Add # Modity

v Delete Delete all

i 1 Show labels _{ Show colors

‘! Name: [ Wwall_pm

Type:

WALL -

Entity:

Faces s |[Facess J

Type

face.3 Face

faced Face

face 5 Face

N— N &
Remove Edit

Apply | Reset | cose |

Global Control

S SE— pcwve B |CR | B0 (| |

e. 72" “face. 73 *face. 74" *face 75" \ GRAPHICS WINDOV- UPPER LEFT

*face. 69* *face. * “face. ac
“face. 76" *face. 77" "face.78" “face 79 ‘face. B0 ~Face. 81 *Eace. 82 \ QUADRANT P
“face.83" “face.84* “face “face. 87" “face.88" “face.89" \ gnl ‘Bl ;l !j’?l f:Bl
“face.90% “face.01* "face.92 : “face. 94 *face. 95"
4 a
CIEE
L | 9] B 5

=l 4

eated Boundary entity: Vall_rpm

T

ammml

Pucynok 13 —3anaHue rpaHUYHbIX YCIOBUI

B nporpamme Gambit ocyniecTBISI€TCS NMPEABAPUTENBHOE YKA3aHUE JTMHAN
Y TIOBEPXHOCTEH pacyeTHON 00JaCTH, K KOTOPBIM OyIyT MPUIIOKEHBI TPAHUYHBIE
ycioBus. YHCIIEHHBIE 3HAYEHUs TPAHUYHBIX YCIOBHM 3a0ar0TCsd B Iporpamme
Fluent. 1loBEpXHOCTH, KOTOpble HE OYIAyT YKa3aHbl KaK TpPaHU4YHbIC, TIO
YMOJYaHUIO CYHHTAIOTCA CTCHKAMM W K HHM IIPUMCHACTCA COOTBCTCTBYIOLICC
IPaHUYHOE YCIOBHE. Y Ka3aHHbII B mporpaMmme Gambit TUN TPAHWYHOTO YCIIOBUS B
cllydae OMOOK WITM U3MEHEHUS CTPATETUN PEIIEHUS MOYKHO TOMEHSITh BO Fluent.
JIJist BBIXOJ]a B MEHIO 3aJIlaHUsl TPAHUYHBIX YCJIOBUM (pUCYHOK 14) clienyeT HaxaTh

CJICAYIOIUC KHOIIKK B I'NTaBHOM MCHIO!

Zones Specify Boundary Types
u)]
(30HBI) o => (3agarh TMI TPAHUYHBIX YCIOBUA) §"|

Jlist onmpeneneHuss BXOJHOM TpaHHIBI B HEM HEOOXOJAUMO MPOU3BECTH

CIIEIYFOIIAE NCUCTBUA:
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Specify Boundary Types

FLUEHNT 5/6
Action:

w Add 4 nodify
« Delete - Delete all

Name Type
_ WELOCITY _IM
QUTLET PRESSURE_OL
WALL_rpm WALL

|5 = =

-1 Show labels _] Show colors

Mame: [inLET
Type:
WELOCITY _IMLET = |

Entity:

Faces — ||ﬁ'au:e.98 ﬂ
Label

Type

Remove | Edit |

Apply | Reset | Close |

Pucynok 14 — MeHnro 3aganust
TPAHUYHBIX YCJIOBHU

B none Action He00X0AMMO Ha)KaTh KHOMKY
Add. 210 neicTBUE yKaXKeT Ha TO, YTO OyAeT
3a/1aHa HOBAsl TPAHUYHAS IOBEPXHOCTb.

B rpadge Name MOXHO 3a/1aTh HAUMEHOBAHUE
ITPAaHUYHOIO YCIIOBUSI JTATUHCKUMU OYKBaMHU.
Ecnm none octaButhk MyCThIM, TO HMs OyJET
HA3HAYEHO aBTOMATUYECKH B COOTBETCTBUM C
TUINIOM TPAHAYHOTO YCIIOBUSI.

Haxxate kHonku Show labels v Show colors.
B pesynbrare B OKHE OCTPOCHUS CO3AAHHBIE
IPaHUYHBIE YCIOBUS OyIyT MOANUCHIBATHCS U
BBIICTISATHCS LIBETOM.

[IlenkHyTh MBIMBIO 0[O KHONKE Iype. B
pe3yJIbTare OTKPOETCS JNOCTYN K CIHUCKY
JOCTYTTHBIX I'PaHUYHBIX YCIIOBUH.
ConepkaHue CMCKa 3aBUCHAT OT PACUETHOM
nporpammbl, Kotopas Obula BblOpaHa B
Havajie TOCTpoeHUs Mmonend. JUis 3amaHus
BXOJIHOTO TPAHUYHOIO  YCJIOBHS  HYXKHO
BBIOpaTh velocity inlet(CKOPOCTb HA BXOE).

[TockomnbKy pelraemas 3aada TPEXMEpHas, TO

IPaHUYHBIE YCIOBHs OyIyT 3aaBaTbCid HA TUIOCKOCTH. JlJiss TOro, 4ToOBI

ONpCACIINTb OTO, HGO6XOI[I/IMO INCJIKHYTh MBIINBIO HAa KHOIIKC B oOnacTu

Entity n B MOSABUBIIEMCSI CIUCKE BbIOpaTh Faces.

— IlocraButh KypCOp B IIOJIC HAIIPOTUB KHOIIKH Faces 1 ¢ NOMOIIBIK MBIIIA

BbIOpaTh BXOJHYIO TpaHUIly pacueTHO obOnactu. Ecnum mnpousomnuia

OI]_II/I6Ka, TO yAAJINTb IHOBCPXHOCTL M3 CIIMCKA MOKHO, HaKAB KHOIIKY

Remove.

— BbiOpaHHble HACTPOMKM TpaHMIBI MOATBEPIKAAKOTCS HAXKATHEM KHONKH

Apply.

B PE3YIbLTATC BLIIIOJIHCHHUA KOMaHIAbl B CIIMCKC B BerHeﬁ qaCTu MCHRO

IMOABUTCA Ha3BaHUC CO3AAHHOIO I'paHHM4HOIO yCJIOBHI, a B obnactu NOCTPOCHUA

OHO 6YI[€T BBIJCJICHO LIBETOM U BBICBCTUTCA €TI0 HMA.
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AHJIOTMYHO HA BBIXOAHOH TpPaHUIE PpacyeTHOM 00JacTh 3amaeTcs
IPaHUYHOE YCIIOBUE pressure outlet (IaBIEHUE HA BBIXOAC), a Ul MOBEPXHOCTEH
pabouero KoJjieca YCTaHABIMBACTCS TPaHUYHOE yciaoBue Wall, HO emy
npucBaMBacTcs HazBanue Wall rpm nns ynoOCTBa MCNOJB30BAHUS 3TOH TPYIIIBI
NOBEPXHOCTEN B mporpamme Fluent.

Ha octajibHbIX OrpaHMYMBAIOIIKAX MOJIENb MOBEPXHOCTX, KOTOPBIE HE ObLIH
OTMEUYEHBl KaK TPaHUYHBIC, MO YMOJYAHWIO OyAET YCTAHOBJICHO TPAHUYHOE

ycnoBue creHku (Wall).

1.2 MoaenpoBaHne ra30JHHAMHYECCKHX MPOLECCOB B HEHTPOOC:KHOM HAcOCe
¢ IOMOILUBI0 NporpaMMHoro kommiaexkca FLUENT

Hccnenyemblii IeHTPOOEKHBIN HACOC BpallaeTcs ¢ 4acToToi #=560000/MuH
(MOXET OBITh M Apyras 4acrora BpaileHus). Pabodas >kMIKOCTh — BOJA (MOXKET
ObiTe Tocom m apyrue xnamoHocutTenu). [IOTOK cuuTaeTcss yCTOMYMBBIM U
HECKUMAaeMbIM. CBORCTBA KUJKOCTH:

® TUIOTHOCTH kuaKocTH = 1000 kr/m 3;

e Bsa3kocTh xkuakoctu = 0.001 I'Ta-C;

e mIoTHOCTH Mapa = 0.0192 kr/m;

e Bs3KOCTH Mapa = 8.8-10° Ia-C;

® TOBEPXHOCTHOTrO HaTsbkeHus = 0.0717 H/m.

MoaenupoBanue OyAET BBIOIHATHCS C UCMOJIB30BAHUEM (PUKCUPOBAHHOTO
MAacCOBOI0 pacxoja >KMAKOCTH 3 Kr/c Ha Bxoge. Kpome Toro, motok Oynem
CUMTATh MOJHOCTHIO TYPOYJIEHTHBIM, HHTEHCUBHOCTH TYPOYJIEHTHOCTH paBHa 5%.

AOCONIOTHAsT BEJIMYMHA CTATUYECKOTO JABJICHUS HA BXOJEC 3aBUCUT OT
3aJaHHOT0 JABJICHUS Ha BbixoAc. CJeq0BATENbHO, BBIXOJHOE MABIEHUE OyAeT
HESBHO OMNPEACIATh YPOBEHb KaBUTALMKA (110 OTHOLICHWIO K MHHHMAJIbHOMY
JABJICHUIO CO CTOPOHBI BCACHIBAHUS KPBUIBYATKH ).

B nmanHOM cnydae, naBieHue Ha BbIXOAE ycraHapimBactes a0 160 000 Ila.

JIist TOro, 4ToOBl KaBUTAIIMKM PA3BUBAJIACH B YIPABISIEMOM PEKUME, PEIICHUE O€3
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KaBUTAllMK BBIMHUCIEICTCA B IICPBYIO  OUCPCAD. 3areMm MOJC/Ib KaBHUTallUHU
AKTUBHUPYCTCA KW BBIIOJJIHACTCA HaCTpOﬁKa nponecca 3apOKACHHUA M pPa3BHUTHA

KaBUTALIUH.

1.2.1 3anyck npozpammot Fluent u ee ocobennocmu
JlabHENRIIMMU TEUCTBUSIMUA C PACYETHON MOJEIIBIO, KOTOPBIE MPOU3BOAATCS
B nOporpamme Fluent, SBISIOTCS 3aJaHUE TPAHWUYHBIX YCIOBHUI, HACTpoOiKa
MapamMeTPOB pelIaTesis, pelieHre U 00padoTKa Pe3yJIbTATOB.
3anycK OporpaMMmbl OCYILECTBIISIETCS HAKATUEM HA COOTBETCTBYFOLIMIMA
ApJIBIK HA pabouem ctone uiau u3 MeHro [lyck OC Windows:
Ilyck—>Bce npoepammer— Fluent Inc Products — Fluent 6.3.23 — Fluent 6.3.23

W
Ilyck— Bce npoepamimer —-ANSYS 12.1 —Fluid Dynamics —Fluent

[lepen oTkpbiTHEM pabo4yero OKHA MPOTrpaMMbl  TOSBHTCS  MEHIO
(pucyHoK 15), mpeanararoiiee BeIOpaTh MapaMeTPhl 7Sl PELICHUS 3a1a4H:
2D, 3D, Working directory, Display options, Ilapametrpsl 00paboTku

(BriOpars Parallel B ciiydae pacueTa Ha MHOTOSIACPHOM IMPOLIECCOPE).

=
[ FLUENT Launcher — @]ﬁ_ﬁj

NANSYS FLUENT Launcher
Dimension Options

@ 3D Double Precision

2D Use Job Scheduler
Use Remote Linux Nodes

Display Options

V| Display Mesh After Reading Processing Options

7| Embed Graphics Windows () Serial

V| Workbench Color Scheme @ Parallel [Local Machine)

Number of Processes
‘ << Show Less

General Options | Parallel Settings | Schedule ‘ UUDF Compiler | Environment
Version .

121.2 [+] [7] Pre/Post Only

‘Working Directory _—

C:\Users = [E3])
FLUENT Root Path

C:APROGRA™TANSYSI™ 14121 uent ERERE

Use Journal File

oK ‘ ‘ Default ‘ ‘ LCancel Help V‘

Pucynok 15 — Mento 3anycka nporpammsl Fluent (Fluent Launcher)
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B paccmarpuBaeMoMm ciyvae 3amaua siBasieTcs TpexmepHoid. [locne Beibopa
HY)XKHO HakaTh KHONKy OK. B pesynbrare Ha 3KpaHe KOMMBIOTEPA TOSBISCTCS

pabouee OKHO mporpaMmel fluent (pucyHok 16).

lpadmueckue okHa

OKHO coobuieHnit

NaBHOe MeHI0

Pucynok 16 — Pabouee okHo nporpammsl Fluent
OKHO IpOrpaMMel JOCTATOYHO MPOCTOE U COCTOUT U3 TPEX OCHOBHBIX JJIEMEHTOB:
—  2IA6HO20 MEHI0, Y€PE3 KOTOPOE OCYLIECTBIAETCS AOCTYN KO BCEM KOMAaHIAM U
MEHIO NPOTrPaMMBI;
— OKHa coobujenuti, TAEC HAXOAUTCS KOMaHAHAs CTPOKAa M OTOOPAKAKTCS
PE3YJIBTATHI BBINOJHEHUS KOMAH]T,
— epagpuyeckux oxkoH, B KOTOPBIX OTOOpaKarOTCs PeE3yJbTaThl pacuera u

noctpoeHuil. Yucsao rpaguueckux OKOH MOKET OBITh JIFOOBIM.

1.2.2 Hacmpoiika pewienus 3aoaqu. Illposepka kauecmea cemxu

1. CuurtsiBaetca mesh daiia - pump.msh

YToOBI MPOUYNTATH CO3JAHHYIO PACUETHYIO MOJENb, HEOOXOAUMO B IIABHOM
MEHIO BBIOpATh:
I'M: File— Read— Mesh
B mnosBuBmEMcs craHmapTHOM OkHe mnpoBogHuka OC Windows HyX HO
HaliTh MecTo, Te Obul coxpaHeH (aiin oOMeHa, BbIOpaTh €ro W MOATBEPAWTH

BbIOOP KHOMKOW OK. Ilpm ureHun ¢aiina B okHe cooOwmeHuit Fluent mosBATCS
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NOJIHBIE CBEIEHHMS O MOJENM, COJEpXalleiics B 4YUTaeMOM (paiiie: pa3Mepsl,
KOJIMYECTBO U TUI KOHEUHBIX 3JIEMEHTOB U T.II.

2. TIpoBepka KOHEUYHO-IJIEMEHTHOM CETKH HA HATWMYHUE OIITHUO0K

[IpoBepka pacyeTHONl CETKM Ha HAIM4ME OIIMOOK OCYLIECTBISIETCS C
NOMOUIBK KOMaH/IbI:
I'M: Mesh — Check
[Tocre ee 3amycka mporpaMma HAYHET NPOBEPATh KOHEYHO-3JIEMEHTHYIO
CETKY (pUCYHOK 17), a B OKHE COOOIICHMS OSIBATCS MOJTHBIC CBEJACHUS O KOHEUHO-
aNeMeHTHOM cetke. Ecnm  Oyner Haiinena ommOka, TO OyAeT BBIIAHO
COOTBETCTBYIOLIEE Ccoo0menne. B 3ToM ciiyyae HEO0OXOOUMO BEPHYTHCS B

nporpammy Gambit, HAWTH OIIMOKY W UCITPABUTH €€.

ace Display Report Parallel View Help

PARQ 2| QAMR-O

1: Mesh

Chedk Report Quaity

Oct 31, 2010
ANSYS FLUENT 12.1 (3d, pbns, lam)

Checking cell children.
Checking storage.
Done.

Pucynok 17 — Orobpaxenue Cerku (Mesh Display)

3. MacmrabupoBaHue KOHECYHO-DIEMEHTHON CETKHU

Pazmepbl pacueTHbIX Mopaenel B mporpamme [fluent NOMKHBI  OBITH
o0s3aTeNIbHO  3aMaHbl B MeTpax. Tak Kak — paccMarpuBaeMas — MOJEINb
MEKIIONATOYHOIO KaHajlla Hacoca Obula CO3JaHa B MWUIMMETPAX, TO IOITOMY

MOCTPOEHHYIO CETKY HY)KHO YMEHbIINUTE B /000 pa3. [Ins 3T0ro B mporpamme eCTb
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ynoOHas komMaHaa macitabupoBanus Scale Mesh (pucyHok 18). OHa BbI3bIBacTCS
13 ITITaBHOI0 MEHIO KOMAaH 0!

I'M: Mesh— Scale

"B scale Mesh =

Domain Extents Scaling

0.0335 " || @ Convert Units
Specify Scaling Factors

0.0335 Mesh Was CreatedIn

Xmin (m) ‘ 0.0335 Xmax (m)

Ymin (m) ‘ 0.0335 Ymax (m)

{mm v

Zmin (m) ‘ 0.005 Zmax (m) ’0.055

View Length Unit In ‘ i

[m - oo

[ scale | [ Unscale

Close ‘Help |

(&

Pucynok 18 — Menro HacTpoiiku macmraba (Scale Mesh)

B none Domain Extents MEHIO TPUBENCHBI MAKCUMAaIbHbIE KOOPAUHATHI
mozaenu. B meHto Scale Mesh B none Grid was created in (cemxa Oviia co30and
G..) HY)KHO BbIOpaTh MWUIMMETPHI mm (WM APYTYIO €IUHULY W3MEPEHUs, B
KOTOpOi OblJla cO3/laHa pacyeTHas MOJENb), a 3aTEM HaXKkaTb KHOMKY Scale.
Mopene OyAeT aBTOMATMYECKM NPHUBEICHA B COOTBETCTBYIOMIMIA MacmTad.
Crnenyet oOpaTuTh BHUMAHUE HA TO, YTO B nojie Domain Extents pa3Mepbl MOJENA
OPUMYT NPABUIIbHBIE 3HAYCHHUS. OTMEHUTh MacIITAOMPOBAHKE B CIIydae OLIMOKA
MOKHO € TMOMOILIBK KHONKH Unscale. Tlocne 3aBepuieHHs OInepanil MEHIO
HEOOXO0MMO 3aKPBITh C MOMOIIBI0 KHONIKK Close.

4. TIpocMOTP KOHEYHO-IIIEMEHTHOW CETKH.

IIpOoCMOTPETh KOHEUHO-3JIEMEHTHYIO CETKY 3arpy>KCHHOM MOJENHA MOYKHO C
NOMOIIBI KOMaH/IbI:
I'M: Mesh—Display
B nossuBmemcs menwo Mesh Display (pucynok 19) B oxkHe Surfaces
TpeOyeTcst BEIOPATh BCE TPAHUYHBIE TTOBEPXHOCTH, KOTOPBIE MOJIB30BATENb XOUYET
npocMoTpeTh. Crnemayer oOpaTHTh BHUMAHUE HA TO, YTO HMMEHA B CIHCKE
COBMAJAKOT ¢ UMEHAMM TPAHUYHBIX YCIOBUi, 3a0aHHbIX B Gambit. JlJia mpocMoTpa

BBIOPAHHBIX 3JIEMEHTOB CETKU HY>KHO HaaTh KHONIKY Display.
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Mesh Display — S — eS|

Options Edge Type Surfaces ==
| |Nodes @ All default-interior
[V|Edges ") Feature
" |Faces ") Outline

(| Partitions

z-coordinate-5
z-coordinate-6

Shrink Factor

‘ 0 ‘ 20
Surface Name Pattern INew Srtace

Match ‘
’7 @ Surface Types E =
: - por ;
| Qutline | [Intenor] digss -
exhaust-fan
fan >
| Display ] ‘Colors...] | Close ] | Help l

Pucynok 19 — Orobpakenue cetku (Mesh Display)
B pe3ynbrare BBIMOTHEHUS KOMAHIbl MOSBUTCS T'papuueCcKOe OKHO, B
KOTOPOM OYJIET N300pa’keHa pacyeTHAs CETKA WJIM BHIOPAHHBIE JIEMEHTHI MOCIIH.

[Ipumeuanne: B pesynbrare MmacmrTaOMpOBaHHs, MOJENIb MOXKET HE

0TOOPA3UTCS HA DKPaHE, TaK KaK UMEET MaJiblil pazMep. [[is Toro, 4ToObl U3yYUTh
KOHCYHO-3JIEMEHTHYK) CETKY BHUMATEIIbHEE, HYKHO HCHOJIb30BATh MBI,
JIBUOKEHUE MBIIIN ¢ HAXKATOM JIEBOW KHOMKOW BBI3BIBACT CIBUT MOJACIHU. JIBUKEHUE
MBIIIH C HAKATON CPEAHEN KHOIIKOM BBIZBIBACT IMOSBIICHUE PAMKH, C MMOMOIIBIO
KOTOPO MOXHO TNpUOJIM3UTH (€CJIM  paMKy BBITSITHBATH CJIEBA HAIMPABO)
BBIJICJICHHBI (DparMEHT MOJACAM WU, HAoOO0pOT, OTAAIMTH (€CIu pamKy
BBITSTUBATL CpaBa HajeBO). Eciau B okHe Surfaces CHSTH BBIICACHUE C MYHKTA
default — interior, TO B OKHE MOXKHO OYJIET YBUAECTh TOJBKO KOHTYP MOJEH, 0€3
Pac4YEeTHOM CETKHU.

5. TlpeoOpa3zoBaHuEe CETKHA

Haunnas ¢ Bepcum 6.3, mporpamma Fluent MONAEPKUBACT HOBBIM THIT
AYEHKM — MHOTOTpaHHble SYEWKH  (polyhedral cell). TlpeumymiecTBamu
MHOTOTPaHHBIX SYEEK 3aKIFOYAIOTCS B CIEAYIOIEM:

® MHOIOTPAHHBIE SYECHKM OO0JIaJal0T HECKOJBKHMH  JTOTOJHUTEIIbHBIMU

CBOﬁCTBaMH, BKIKOYasad BBICOKYIO TOYHOCTL PCHICHHA € HMCIIOJIB30BAHHUCM
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CTAaHJAPTHBIX KOHEYHBIX JJIEMEHTOB M XOPOIIYIO CBSI3aHHOCTH COCEIHUX
AYEECK;

® VYBEIMYECHHUE KOJIMYECTBO CBA3EM SAYEHKH YJIYUYIIACT CXOAMMOCTBH I10
CPaBHEHHMIO C TPEYTOJIbHOM CETKOM;

® pacueT MOJENH, pazOMTONW CETKOM C MHOTOrpaHHBIMH  SYCHKaAMHU 9acTo
MOKET OBITh FOpa3io ObICTPEE, YEM MOJEIHU C COMOCTaBUMOM TPEYTOJbHOM
CETKOM C S3KBUBAJICHTHOM TOYHOCTHIO;

® MHOTOTPAaHHMKH MOTYT OBITh MCIOJIb30BAHBI JIOKAJIBHO JUIS YIYYIIECHUS
KAQueCTBa CYLIECTBYIOLIEH TET/TUOPUIHON CETKH;

® HET HEOOXOJMMOCTH B CHEIMAIbHBIX TE€HEpaTopax CETKH (J0CTaTOYHO
CYLIECTBYIOIIEH TET/THOPUIHON CETKH, KOTOPAsi UCMOJIBb3YETCsl B MPOTrpaMMe
Fluent).
[IpeoOpazoBaHue SUEEK CETKH B MHOTOTPAHHBIC (PUCYHOK 20) BHINOTHAETCS

CJIEYIOMUM 00pa3oM:

I'M: Mesh— Polyhedra— Convert Domain

Mesh Oct 19, 2010
ANSYS FLUENT 12.1 (3d, pbns, lam)

Setup conversion to polyhedra.

e Cuthill-McKee method:

one .
928/4742 = 5h.39

Pucynok 20 — OtoOpakeHrne MHOTOTpaHHOMN CEeTKH
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6. M3MEHEHNE €AMHULILI U3BMEPEHUS VITIOBOM CKOPOCTH

BrinonHeHue naHHO| onepanuu OCYIECTRISETCS CICTYOIMM 00pa3oM:

FLUENT [3d, pbns, mixture, ske] '
File Mesh Define Solve Adapt Surface Display Report Parallel View Help
» P> +, @ 2 g
B-d-@e|[Eraas@inmr-0-
[ 1: Mesh -
Problem Setup General
Generall Mesh
Models
Materials { Scale... 1 | Check ] {Report Quality ‘
Phases D -,
Cell Zone Conditions I .. | B Set Units @
Boundary Conditions Solver
Mesh Interfaces Quantities Units Set All to
Dynamic Mesh Type Velodity Formulation acceleration + | [[rad/s ]
Reference Values © PressureBased @ Absolute I deafs default:
Solution Density-Based Relative = DA e
Solution Methods area-nverse british
- (britsh |
Solution Controls sne ignition-energy —
Monitors © Steady concentration . ( |
ansien a
Solution Initialization O Tr 5 contact-resistance r ]0,1047193
Calculation Activities AR e
["] Gravity (Uni crank-angular-velodity
Run Calculation | Units. \ dens«tyng offset [~
Results density-gradient v
Graphics and Animations Help
Plots New...| [ Lst | [ Close Help |
Reports
TR

Pucynok 21 — M3menenune enunnn usmepenus (Set Units)

B nosiBuBmemcst okHe Quantities BBIOMpAeTCs napamerp angular-velocity u

MPOUCXOUT UBMEHEHUE EIMHUIIBI U3MEPEHUS HA ¥pm (PUCYHOK 21).

1.2.3 Hacmpoiika napamempog mooenu paciema

1. 3amanuve omimii permareis.

B kauectBe mepBOro ACHCTBUS MPH OMMCAHUM PACYETHOH MOJAETH CIEIYET
BbIOpATh PEIIATEINb, C MOMOIIBIO KOTOPOro OyAET MPOBOAMTHCS PEUICHHE, a TAKXKE
ONMPEACTUTh CTALMOHAPHOCTh WM HECTAlMOHAPHOCTH 3aJaud. OTOT BBIOOP
OCYLIECTBJISIETCS B MEHIO Solver:

I'M: Solver

B menro Solver (pucyHok 22) Hy»KHO OOpaTWTh BHUMAHHUE Ha CJICIYHOLINAE
MOMEHTHI. [Iporpamma F/uent mo3BOJIIET UCIIOJIB30BATh JIBA AJITOPUTMA PELICHUN:
Pressure Based (anroOpuTMOM YCTaHOBJICHWS) WM Density Based (aliroputm
pacweruieHus). [lepBblii W3  HUX  W3HAYAJIBHO

paspabarbiBajics  JUIS

HU3KOCKOPOCTHBIX TOTOKOB, HO BIOCIEACTBAM ObUT MOAM(PUIMPOBAH U
pacmpoCcTpaHeH M Ha APYTUe T€YCHUs. AJITOPUTM YCTAHOBIICHUS CO3JaBajics s
pPacueTOB BBICOKOCKOPOCTHBIX TPAHC- M CBEPX3BYKOBBIX MOTOKOB. J[sl perieHus

paccMaTpuBacMoi 3a1auM 1enecooOpa3Ho BeIOparh Pressure Based.
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Q FLUENT [3d, pbns, mixture, ske, transient] -

File Mesh Define Solve Adapt Surface Display Report Parallel View Help

5 d-@m0 D QR £ |@ANE-O-

'Alz Mesh

Problem Setup General
PITIERE
=aLsld Mesh
Models = 5 = = z =
Materials \ Scale... | Check \ ‘ Report Quality \
Phases TS
Di
Cell Zone Conditions | Display
Bciundar\{ ‘(E?rrx;d‘lhons Solver
Dynamic Mesh Type Velodity Formulation
Reference Values @) Pressure-Based @) Absolute
Density-Based Relative

Solution

Solution Methods
Solution Controls
Monitors

Solution Initialization
Calculation Activities Gravity
Run Calculation

Results

Graphics and Animations ‘@‘
Plots -
Reports

Time
Steady
Q) Transient

\Unm... ‘

Pucynok 22 — Mento HacTpotiku peratens (Solver)

B none 7Time onuceiBacTcs, OyACT JIM PELICHUE CTALIMOHAPHBIM Steady unu
HECTAMOHAPHBIM [ ransient. To ecTh, OyayT U MapameTpsl MOTOKA 3aBUCETHh OT
BpCMCHHA Wi HCT. PaCCManI/IBaeMaH 3agada ABJIACTCA HBYXMepHOﬁ
HECTALIMOHAPHOM.

2. Bei0op Mmoaenn TvpOVIIEHTHOCTH

[ToTOK >KMAKOCTH XapakTepU3yeTCs HaIUYUeM mypOyIeHMHOCU ——
OecnopsA0UHOrO IBUKEHHUSI BUXPEBBIX Macc. [Ipy 5TOM HA OCHOBHOE HANPABJICHUE
CKOPOCTH HAKJIQJbIBAIOTCS TMOMEPEUHBIE COCTABJSIOUINE, BHI3bIBAIOLINE CUIBLHOE
nepeMellMBaHie KuAKocTh/raza. [Ipu ucciienoBaHuM TeUeHUs B KaHajle Hacoca
LEJIECO00PA3HO UCTONIB30BATh MOACTL TYPOYJIEHTHOCTH k-epsilon, TOCKOJIbKY OHa
MO3BOJISIET MOJYYaTh PELICHHS ¢ TPUEMIIEMOM TOUHOCTBIO, U JIJIsl 3TOI MOJIENIM OHA
XOPOIIIO CXOAUTCS (PUCYHOK 23).

I'M: Models— Viscous.
3. Hactpoiika napaMeTpoB ABYX¢ha3HOro COCTOSHUS

B paccmarpuBaeMoii 3agaye OyayT IpUCYTCTBOBATH JBE (Da3bl COCTOSIHUS —

YKUJKOCTb U Ta3 (PUCYHOK 24).
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*
- B A
File Mesh Define Solve Adapt Surface Display Report Parallel View Help

lg-d-me/SFraas/aim-o-

Problem Setup
General
Materials
Phases

Cel Zone Conditions
Boundary Conditions
Mesh Interfaces
Dynamic Mesh
Reference Values
Solution
Solution Methods
Solution Controls
Monitors

*) Laminar

" Spalart-Alimaras (1 eqn)

© k-epsion (2 eqn)

= k-omega (2 eqn)
Transition k-d-omega (3 ean)

() Transition SST (4eqn)

£
m

Acoustics - Off

Calcudation Activities
Run Calculation

Resuts < [ m ’
Graphics and Animations

P (i)
)

Near-Wal Treatment
© Standard \Wall Functions

Reports

outlet (vapor)
inlet (vapor)

AnLanlé_intavine fusnne \

Pucynok 23 — Hacrpoiika mapamerpos TypOynentaoctu (Viscous)

"1 FLUERT B3, pors, e, marmenty I s T ——
'File Mesh Define Solve Adapt Surface Display Report Parallel View Help

EZvad-me|[Fea® 2@ X nEy0-

Problem Setup Models
General Models
prodeld tphose ofF |
Materials Energy - Off
Phases Viscous - Standard k-e, Standard Wall Fn
Cell Zone Conditions Radiation - Off () Volume of Fluid
Boundary Conditions Heat Exchanger - Off @ Mixture
Mesh Irjterfaces g"_’;‘?:;';gse -off (") Eulerian
Dymens: teeahs Solidification & Melting - OFF et S
Reference Values Acoustics - Off -
Solution Mixture Parameters
Solution Methods [C]slip velodity
Solution Controls 5
iy \ Body Force Formulation
Solution Initialization [ 1mplicit Body Force
Calculation Activities
Run Calculation
OK Cancel
B . - (ot ) (mel) (ven]
Graphics and Animations " —
Plots Edit...

Pucynok 24 — MeHro HacTpoliku napameTpoB AByxdazHoro coctossuust (Multiphase)

Onuus akTuBUpYyeTCs B MeHIO Multiphase, tne xonuuectBo a3 (Number of

Fulerian Phases) 3anaercs paBHOW OByM. Takke B JAHHOM MEHKO HEOOXOIMMO

OTKJIFOUMTh CKOPOCTh CKONbXeHUst (S/ip Velocity) ¢ TOMOIIBIO CHEAYHOLIMX

JICUCTBUMN:

I'M: Models— Multiphase
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1.2.4 3aoanue ceéoiicme pabouezo mena u CRpagouno2o 0a61enus
3amaHue CBOMCTB paboyero Tena OCYIIECTBISIETCS B MeEHwO Materials
(pUCYHOK 25), KOTOPOE BBI3BIBACTCS KOMAHIOM:

I'M: Define—»Materials

FLUENT [3d, pbns, mixture, ske, transient]

File Mesh Defir olve Adapt Surface Display Report Paralle

svd-me|[Heae sl@anE-o- -

Problem Setup Materials [ Create/Edit Materials ]
General Materisls N Order Materials by

Model Material Type

s Fluid [ waterdauid — S

o | _watervapor | z

Phases e S P Chemical Formula

Cell Zone Conditions air
Boundary Conditions Solid ‘ h2o<i>
h Interf aluminum

FLUENT Fluid Materials
water-iquid (h20<1>) v

FLUENT Database... |

esh Interfaces User-Defined Database... |
Dynamic Mesh SRR
Reference Values
Solution Properties
Solution Methods
Solution Controls
Monitors 1000
Solution Initialization
Calculation Activities Viscosity (kg/m-s)
g/m-s)

Run Calculation constant %)

Results 0.001

Density (ka/m3) (o =

Graphics and Animations
Plots
Reports

(createfedit... || Delete

[Helo ]

| change/Create | Delete | | Close Help

Mach (Time=2 A20NA+N7\

Pucynok 25 — Mento marepuainsl (Materials)

B paccmarpuBaemoii 3agaue B kauecTBe paboyvero Tena CNoJb3yeTcs BOJA
¥ BOASHOM map. J{ist Toro, 4toObl OCYIIECTBUTH 3Ty YCTAHOBKY, B MEHIO Materials
HE0OX0aMMO HaxkaTh KHONIKY LUENT Data Bases, najiee B NOSBHBIIEMCS CITUCKE
FLUENT Fluid Materials BeIOpaTs HEOOXOMMBIE MATEPUAIIBI:

1. 3amare B onumu fluid water-liquid w3 0a3bl ¢ MWIOTHOCTBIO (Density) u

BA3KOCTBIO (Viscosity) 1000 u 0.001 cOOTBETCTBEHHO.

2. 3anate B onuuu fluid water-vapor u3 0a3bl ¢ IUIOTHOCTBIO U BS3KOCTHIO
0.01927 1 8.8-10° cOOTBETCTBEHHO.

OcoOeHHOCTh Tporpammbl  [7luent COCTOMT B TOM, UTO JABJICHUE,
NOJTy4aEMOE M 33[JaBAEMOE B pacyere, sBIsETCs U30bITOYHBIM. TO €CTh AJis TOrO,
YTOOBI MOJYYUTh UCTUHHOE 3HAYCHUE JIABJICHUSI, HEOOXOUMO NMPUOaBUTh K HEMY
TaK HA3BIBACMOE «CIPABOYHOC JABJICHUE». [l0 yMOJYAHHUIO B €r0 KayeCTBE
UCIIOJIB3YETCsl HOpMajibHOEe aTtMmocdepHoe paaBiaeHue — 1013251Ma. Ecom B
KQUeCTBE «CIPABOYHOIO MJABJCHUs» NpuHATH O, TO pe3yJbTarel pacyera W

UCXOJIHbIE JaHHbIE OyayT 3aAaBaThbCsd B aOCOJIOTHBIX 3HAYeHUIX. H3MEHUTH
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3HAUEHUE «CIPABOYHOTO MABJICHHUS» MOXKHO B MEHIO (PHCYHOK 26), KOTOpOE
MOSIBUTCS B PE3YJIbTATE BHITIOJTHEHHS KOMaH/IbI:

I'M: Define— Operating Conditions

EY Operating Conditions &J

Pressure Gravity

Operating Pressure (pascal) Gravity
0

Reference Pressure Location

X (m) il:]

Y (m) | 0

!

Z (m) ’0

\- OK \ "(riancel\ \7Help‘\

| - ]

Pucynok 26 — Cnpasounoe nasnenue (Operating Conditions)
Jlis  ynpouieHus  o0pabOTKHM — pe3yJbTaTOB B pelIacMoOd  3a1ade
uenecoo6pa3H0 IIPUHATL «CIIPABOYHOC HABJICHUC), PABHOC HYIIIO, U BBCCTH CI'0

3Ha4YeHUE B none Operating pressure.

1.2.5 Yemanoexka mooenu kagumayuu
JIJIs HACTPOWKHM MAHHOTO MPOIECCa HEOOXOAMMO MPHUCBOUTH 3aJaHHBIM
paboumnM cpelaM COOTBETCTBYIOIIME (pa3bl:
I'M: Define —Phases

Jlanee HEOOXOAMMO BBITIOJHHATE CIEAYIOLINE ACHCTBUS:
e ycraHoBuTh phase-1 — water-liquid (pucynok 27);

e yctaHoBuTh phase-2 — water-vapor.
3areM HEOOXOAWMO OMNPEACIUTh B3aMMOJACHCTBHE Mexay (azamu. s
3TOTO BBINOJHAETCS CICAYIOMIAs OCIEA0BATEIbHOCTD ACHCTBHIA:
e uyroObl OTKpPHITH MaHeNb B3auMoneicTeus (a3 [nteraction...,
IPOBOAMTCS MAHUIYJISILUS:
I'M: Define — Phases— Interaction...

® BO BKJaJAKe Mechanism BeIOUpACTCS KaBUTALMS (cavitation),

28



¢ YyCTaHaBJIMBACTCA

Vaporization Pressure no 2650 W COXpaHSAIOTCS 3HAYEHUS 10

3HAYCHHUC

JaBJICHUA HACBIIMNCHHBIX

YMOJTHAHUIO JUIsl APYTUX NAPaMETPOB (PUCYHOK 28).

FLUENT [3d, pbns, mixture, ske, transient] R

T, -

- T

File Mesh Define Solve Adapt Surface Display Report Parallel View Help

(G d-me [Bea® s @ E-0-

Problem Setup Phases

General

Models

Materials

Cell Zone Conditions

Boundary Conditions

Mesh Interfaces

Dynamic Mesh

Reference Values
Solution

Solution Methods

Solution Controls

Monitors

Solution Initialization

Calculation Activities

Run Calculation

Results

Graphics and Animations [
Plots
Reports

Edit... |[Interaction... |

ID|2

Pucynok 27 — Beibop u ycraHoBka a3 (Phases)

| FLUENT

s-d-me|Eraqsjaxm-o-

Problem Setup Phases
General Phases
Moslse water - Primary Phase
Materials vapor - Secondary Phase
Cel Zone Conditons
Boundary Conditions
Mesh Interfaces
Dynamic Mesh
Reference Vaiues
Soluton
Solution Methods
Soluton Controls
Monitors
Solution Iniisizat
Calaudation Actwf B3 Phase Interaction 2 FI,F-CMWM =
- | Mocel Model Corstants.
Results Orag | Uft | Colisons| Sip | Heat Mass | Reactons| Surface Tenson | ‘.
om | s ot Tt e [ (2 © Zuar Gerber el [wen
Reports |
Mass Transfer | Cavitation Propertes —
From To - (pascal)
Phase Phase Mechanism ‘ [w '] Edt
1 [mater ] [vapor =] [castmion v [ eat.. || [2630 S —
[— = |
1 :
S| (Lo ] [conce] [heo ]
(o] (o] (1) flov 01, 2010
ANSYS FLUENT 12.1 (30, pbns. mixture, ske, transient)

Done .

>

wall_rpmn  (vapor)
outlet (vapor)
inlet (vapor)

default-interior (vapor)

default-interior
inlet

outlet

wall_rpn

wall

fluid

Preparing mesh for display...
Done .

Reading "D:\1111eeeel.dat”...

Interrupting...
Done.

Pucynok 28 — Ilanens B3aumopneiictsust $as (Phase Interaction)
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1.2.6 I'panuunsie ycnogus
[TepBonauanbHO cienyer BoWth B onuuto Cell Zone Conditions
(PUCYHOK 29) W BBINOJHUTH CIACAYIOUIME ACHCTBHUS, CBS3aHHBIE C HACTPOMKOW U
Y4ETOM BpallaTesIbHBIM JBMYKEHUEM JIOMACTEH HAacoca:
e Rotation-Axis Direction - X=0, Y=0, and Z=1.
e Motion Type - Moving Reference Frame.

e Speed - 5600.

ﬂ FLUENT [3d, pbns, mixture, ske, transient]
File Mesh Define Solve Adapt Surface Display Report Parallel View Help

B-Wd-ae|Braas|@AnmE-0-

.
Problem Setup Cell Zone Conditions Jw = &‘
General s E Fluid
Models [ | | | zon nane Phase
Materials T
Phases | fuid mixture
Boundary Conditions Porous Zone
Mesh Interfaces Laminar Zone
Dynamic Mesh Source Terms
Reference Values Fixed Values
Soluti
o Motion | Porous Zone | Reaction | Source Terms ] Fixed Values |
Solution Methods
Solution Controls > i
Monitors
Solution Initialization Y [o Yo
Calculation Activities
Run Calculation Z(m) [ z | 1 2
Results |
Graphics and Animations | Phase Type D Motion Type \ M;vng Reference Frame v
Plots {mxu, | [fuid v P L
Rotational Velodty Translational Velocity
Reports
[ edt.. ][ copy.. J[Profes...] Speed () [5500 X(f) [o .
| Parameters... | [Operating Conditions.... |
(Display Mesh... | [Lok | [cancel] [ Hep ]

Pucynok 29 — Mewnto Cell Zone Conditions

3areM BBI3BIBACTCS MEHIO 33JaHMsl T'PAHUYHBIX YCIOBHHA (pucyHOK 30)

BBI3BIBACTCS KOMaHIOM:
I'M: Define— Boundary Conditions

B none Zone HaXOOUTCs CIMCOK BCEX MPAHUYHBIX YCIIOBUMNA, ONPEACIIEHHBIX
B Gambit. Ecnu BeIOpaTe UMsl OJHOTO M3 HUX, HApUMep inlet, TO B okHE Type
OyAeT yka3aH THUIl TPAHUYHOTO YCJIOBUs. B ciiyyae HEOOXOIMMOCTH B 3TOM OKHE
TUN TPAHUYHBIX YCJIOBUH MOXKHO MOMEHATh. UTOOBI MPUCTYNUTh K 33AaHUIO
IPAaHUYHBIX YCIIOBUI, HEOOXOAMMO B OKHE Zone BbIOpaTh HY>KHOE TPAHUYHOE
yCIOBHE, YOSIUTHCS, YTO B OKHE 7Vpe THUIl TPAHUYHOTO YCJIOBHUS YKa3aH BEPHO, U
3areM Haxarthb Fdit... Tlocne 3Toro BHINOJHSIOTCS CIEAYIOIINE TCHCTBUS:

1. YcranaBnuBaroTCs nNapameTpsl Ul BXOJAHOTO TPAaHUYHOTO YCIIoBHS (inler),

COTJIaCHO PUCYHKY 31:
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e Velocity magnitude - 3

e Velocity Specification method - Magnitude, Normal to Boundary;
e Turbulence Specification Method
5.

>

- Intensity and Hydraulic Diameter;

e Turbulence Intensity -

¢ Hydraulic Diameter - 0.0366 (auaMeTp BXOJHOTO CEYEHUS).

FUENT 14, o i TR T

File Mesh Define Solve Adapt Surface Display Report Parallel V
BZr-d-a0|Hraa s QaXnEyO-
Problem Setup Boundary Conditions
General Zone
Models g
kel default-interior
Phases outlet
Cell Zone Conditions wall
wall_rpm
Mesh Interfaces
Dynamic Mesh
Reference Values
Solution
Solution Methods
Solution Controls
Monitors
Solution Initialization
Calculation Activities
Run Calculation
Results
Graphics and Animations | Phase Type D
Plots mixture w | | velocity-inlet v| |6
o [ I o
[ Edt. | [ copy... |[Profies... |
[anmeters . ] [Opuaﬁtha\dﬁors...]
Display Mesh... [ Periodic Conditions... |

Pucynok 30 — I'pannunsle ycnosust (Boundary Conditions)

FLUENT [34, pbris, moture, She, transient T

ﬁ.‘-‘-

T

File

Mesh Define Solve Adapt Surface Display Report Parallel View Help

|S~-d-~

@we|[Eraa 2| AM-O

¥ ‘

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

Boundary Conditions 2
Zone Veloci!y_ e
defaultanterior T OO T ———— e
Zone Name Phase
outlet |'nlet | e I
wall
wall_rpm
Momentum | Thermal | Radiation | Species| DPM | Muitiphase | uDs |
Velocity Specification Method (agnitude, Normal to Boundary -]
Reference Frame [Abnnht!
1
Turbulence
Specification Method [1ntensity and Hydraulic Diameter -
Turbulent Intensity (%) ,-S——
Phase Type D : —_—
[m‘xtue ,] [v_dodty nlet ,] [—6 Hydraulic Diameter (m) [ 0365 —
[ Edit... ] [ Copy... ][Proﬁu... ]
( | (Operatng Conditons... (o]
| T U e 1 — —

Pucynok 31 — Hactpoiika rpaHHYHBIX YCIOBHH AJIs1 BXOAHOTO ceueHus (inlet)
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2. 3areM IpOBOAATCS HACTPOWKM MApaMETPOB BBIXOAHOrO ceueHus (outlet),

COTJIACHO PUCYHKY 32:
e Gauge Pressure - 160000,

e Turbulence Specification Method - Intensity and Viscosity Ratio;

e Backflow Turbulence Intensity -5;

e Backflow Turbulence Viscosity Ratio - 10.

~ - ——— - | ——
E FLUENT [3d, pbns, mixture, ske, transient]

File Mesh Define Solve Adapt Surface Display Report Parallel View Help —

s-d-@me|[Hraas|@QAnE-0-

Problem Setup Boundary Conditions 171: - -] —

General e Pressure Outlet i

Models E =

default-inte

Materials m?e?u P, Zone Name __ Phase

Phases T —| | [outet [mixture

Cell Zone Conditions wall

Boundary Conditions] wall_rpm

Mot i Frt Momentum I Thermal | Radiation | Spedes | DPM | Multiphase | UDS l

Dynamic Mesh Gauge Pressure (pascal

Reference Values e {pomce) [ 130000 ‘cmstant -
Solution Backflow Direction Specification Method \ormal to Boundary i ]

Solution Methods L

Solution Controls Radial Equilibrium Pressure Distribution

Monitors Turbulence

Solution Initialization Spedif

pecification Method i

Calculation Activities [Intens«ty 2od Viscolty Ratio 'J

Run Calculation Backflow Turbulent Intensity (%) [5
Results

Graphics and Animations | Phase Type o) Backflow Turbulent Viscosity Ratio [

Plots {mﬁxmre VJ [pressure-ouﬂet V] 5

Reports

[, Edit... ] [ Copy... ] [ Profiles. .. ] ‘TJ [Caﬁ2 {E
| Parameters... ] \Opeuhng Conditions... \

Pucynok 32 — Hactpoiika rpaHU4HbBIX YCIOBUHN ISl BBIXOAHOTO ceueHus (outlet)
3. Hactpoiika mapameTpoB BpALLAKOLIMXCA O3JIEMEHTOB Hacoca wall rpm
OCYILECTBISETCS CACAYIOIUM 00pa3oM (pucyHoK 33):
e B onuuu BeIOOpa aBwkeHus creHku (Wall Motion) ycTaHOBUTH

Moving Wall.

e B onumu BeIOOpa THUMA ABMXKEHMSI CTEHKM BbIOpaTh BpalllaTeIbHBbIA BUI —
Rotational.

e BriOpars HanpaBieHue BpalleHus o ocu Z (B okHe Rotation-Axis Origin
ycraHoButh O Juisi JAaHHOH OCHM, a B OKHE Rolation-Axis Direction nns
JAQHHOM OCH YCTaHOBWUTh 3HA4YeHHWE 1), a g CKOPOCTH YCTaHOBUTh
3HauYeHue, paBHoe 0.

4. Hacrtpoiika napaMeTpoB CTallMOHAPHBIX CTEH HAcCOCa wall OCyleCTBIETCS

CIIeayOIUM 00pa3oM (pUCyHOK 34):
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e B onuum BeIOOpa aABWwKeHUs CreHku (Wall Motion) yCTaHOBUTH
Moving Wall.

B onuuu BeIOOpa TMNA ABUKEHUSI CTEHKU BBIOPATh Absolute and Rotational.
BreiOpare HampaBieHue BpalleHust o ocu Z (B OkHe Rotation-Axis Origin
ycTtaHOBUTh O 111 HAHHOW OCHU, a B OKHE Rofation-Axis Direction nns

JAHHOW OCH YCTAaHOBHTh 3HAa4YcHHWE 1), a AJII CKOPOCTH YCTAHOBUTH

3Ha4eHue, paBHoe 0.

e . = S—
B} FLUENT [3d, pbns, mixture, ske, transient] . -
File Mesh Define Solve Adapt Surface Display Report Parallel View Help
S-d-me|Fraas|ennE-o- 2w =)
Problem Setup Boundary Conditions Zone Name Phase
General e [wal_rpm [mixture
Models
o :‘egdtmerm Adjacent Cell Zone
Phases outiet =
Cel Zone Conditions wal
iy Casictiional Fra—— Momentum | Thermal | Radiation | Species| DM | Mutihase | s |
Dynamich WalMoton ____ Moton
Reference Values Stationary Wal Speed (rpm)
i © Relative to Adjacent Cel Zone
mmm 'l S D [0
Sauton Controls ‘ s Rotation s Orign_ Rotation-Auis Drecton
Monitors
Solution Initialization ©) Rotational X (m) [9 X [0
Calculation Activites foapoen
Run Calaulation Y (m) ‘0 Y [0
Results zZm o Z[y
Graphics and Animations | Phase Type D ‘ [
Plots [mixture ] [wal ][+
Reporss Shear Condition
[ edt.. ][ copy... )(Profies... | @
[ Parameters... | [Operating Conditions... | *) Spedified Shear
5 fice:
Wall Roughness
Roughness Height (m) [0 constant >,
WC“‘SB‘"O.S constant -
"
(o]

Pucynok 33 — Hactpoiika rpaHUYHBIX YCIOBHH Bpalaromerocst padoyero kojeca Hacoca

e e - —
FLUENT [3d, pbns, mixture, ske, transient] - -
File Mesh Define Solve Adapt Surface Display Report Paraliel View Help
— 5
S -d-@0|[Fraa s||@n -0 Ewa ==
Problem Setup Boundary Conditions p Z“':N”“ "“’:}
General |"‘ ‘m e
icsae Adjacent Cel Z
Materials = i
Phases [
Cell Zone Conditions
Boundary Conditions} Momentum | Thermal | Radiation | Species| DPM | Multiphase | wos |
Mesh Interfaces )
Dynamic Mesh Wal Motion . Motion "
Reference Values O StatonaryWall || [ Speed (rpm) |
i © Moving Wal 0 Re!ahv;tn Adsacent Cel Zane | 2
Solution Methods -
Sokston Cantroks e Rotation-Axis Origin Rotation-Axis Direction
Monitors X (m X
Soluton Initilization e Mo o
Cakculation Activities Bl o) v
Run Calculation E E
Results Z(m) ‘o z [ 1
Graphics and Animations | Phase Type D
ros [ m— - m—|
Reports
[ Edt.. | [ copy... |(Profies... ]
[ Parameters... | [operating Conditions... |
Display Mesh... | | Periodic Condit
Roughness Heght (n) g e =
Roughrness Constant .5 prm—— =
i
(o]

Pucynok 34 — Hactpoiika rpaHM4YHBIX YCIOBUH HEMOJABH)KHBIX CTEHOK HAcOCa
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1.2.7 Hacmpoiika npoyecca peuwieHus 3a0auu 6e3 kasumayuu
1. YcraHoBka nmapameTpoB pacyera
JlocTynm K MEHIO YCTAHOBKM MapamMeTpoB pacyera OCYILUECTBIAETCS C
MMOMOIIBI0 KOMAHBIL:
I'M: Solve— Solution Methods
B pesynbrare Ha 3kpaHe NOsBUTCS MEHIO Solution Methods (pucyHoK 35).

FLUENT [3d, pbns, mixture, ske, transient] — T
File Mesh Define Solve Adapt Surface Display Report Parallel Vie

Problem Setup

General

Models

Materials

Phases

Cell Zone Conditions
Boundary Conditions
Dynamic Mesh
Reference Values

Solution

Solution Controls

Monitors

Solution Initialization

Calculation Activities

Run Calculation
Results

Graphics and Animations

Solution Methods

Pressure-Velocity Coupling

Scheme

S-d-@ae|Ed+raa s/ AM-0-

' Coupled

Spatial Discretization

Gradient

l Least Squares Cell Based

Pressure

|PRESTO!

m

Momentum

[ First Order Upwind

Volume Fraction

[First Order Upwind

Turbulent Kinetic Energy

[ First Order Upwind

Transient Formulation

Plots
Reports

Pucynok 35 — Hacrpoiika mapamerpos pacuera (Solution Methods)

JIaHHO€ MEHK0 COCTOMT K3 TPEeX OCHOBHBIX T[PYyNIl HACTPAUBAECMBIX
MapaMmeTPOB:

— Spatial Discretization;

— Pressure-Velocity Coupling;

— Transient Formulation.

B 3one  Spatial Discretization ONpPEnensitoTCs CXEMbl JTUCKPETU3AIUN
COOTBETCTBYIOLIUX YPAaBHECHUMN, TO €CTh ONUCBHIBACTCA QAITOPUTM IMOCTPOCHUS
JIMCKPETHOrO aHajiora Ju((HEepEeHIMaTLHOTO YpPaBHEHUS B y3JI€ KOHEYHO-
SJIEMEHTHOM CETKH.

JUiss  moiaydeHus  TOYHBIX  PEUICHWH  HEOOXOJUMO  HMCHOJIb30BaTh
JUCKPETU3AIMK) BTOPOTO M BBINIE TMOPAAKOB TOYHOCTH. ONHAKO HA TMEPBBIX
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UTEPALMSAX TAKOE PELICHUE HEYCTONYMBO. [103TOMY MepBble HECKOIBKO AECATKOB
UTEPALMI CIEAYET MPOBOAUTH HA MEPBOM MOPSAJKE AUCKpeTH3auuu (Lirst Order),
3aTe€M €ro NOBBILIATS.

B 30ne Pressure-Velocity Coupling BeIOMpaeTcs aJiIrOPUTM PELIEHUS CBI3KA
YPaBHEHHUS JBUXKEHUS M HEPA3PHIBHOCTH I KOPPEKTHOTO OMPEAEIICHUS MOJICH
JABJICHUSL U CKOPOCTH. sl perieHus 3a1a4 TEUECHUsI B MEXIIONATOYHBIX KaHaIax
nesnecooOpasHo  BeiOupate anroput™ Coupled (OH CXOIEH € QITOPUTMOM
pacIICIUIEHNUS ).

2. YcraHoBUTh (PakTOpbl peNakcalMy, Kak IOKa3aHO Ha pUCyHKEe 36 C

NOMOLIBK KOMaH/IbI:

I'M: Solve— Solution Controls

FLUENT [3d, pbns, mixture, ske, transient] — - —

File Mesh Define Solve Adapt Surface Display Report Parallel
s;-d-@0|[HQa s @ nE-o-

Problem Setup Solution Controls
General Courant Number
Models "‘5“ ————
Materials
Phases
Cell Zone Conditions

Explicit Relaxation Factors

Boundary Conditions Momentum [ >
Dynamic Mesh Pressure ,027
Reference Values
Solution
Under-Relaxation Factors
Solution Methods -
Bolution Controls Density
Monitors ‘ 0.2
Solution Initialization
Calculation Activities Body Forces

Run Calculation ‘ 0.2
Results
Graphics and Animations

m

Volume Fraction

Plots |02
Reports
Turbulent Kinetic Energy

‘0.2

Turbulent Dissipation Rate
‘ 0.2

(Defauit

(Equatios... | [Limit... | [Advanced...

PucyHok 36 — MeHIO HaCTPOIMKU KOHTPOJIS Tipoliecca pacueta (Solution controls)

JUts yaydleHus yCTOMUMBOCTH M cxoaumoctu uucino Kypanra (Courant
number) yMEHBIINTH 10 5 B OKHE MeHIO Solution Controls.

B obmactm Hactpoiiku mapamerpoB Under-Relaxation Factors 3aparorcs

KO3((PUUMEHTHl PENlaKCallid TPUA  PELICHUM COOTBETCTBYIOLIMX YPABHCHUA.
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YMeHblIeHre KO3()(OUIMEHTOB YIyUIIAET CXOAUMOCTb PEIICHUS, HO 3aMETHO
YBEJIMUUBAOT BpeMs cuerta. CHwkeHHEe Kod((uUMEHTa peNakcaluy IIAPOKO
OPUMEHSETCS pY Npo0daemMax ¢ 3almyCcKOM pacyera 3a1aud, HO UX BeIOOp Tpelyer
OIPEACTIEHHOTO OMBITA.
3. YcraHOBKA HayalbHBIX 3HAUEHWI MapaMeTpoB pacdera (MHULMATH3ALUs
polLecca pacuera).
[Ipn pemieHnM 3aha4 ra3oBOMl JNWHAMWKH YUCIICHHBIMM METOAAMH TEPEN
3aIyCKOM PELICHUs HEOOXOAUMO YCTAHOBUTH HAYAJIBHBIE 3HAYEHUS TAPaMETPOB B
pacueTHOW oOmactu. MEHIO YCTAaHOBKM HAYallbHBIX YCJIOBHHA (PUCYHOK 37)

BBI3BIBACTCS KOMAHIOM:

I'M: Solve— Solution I[nitialization

FLUENT [3d, pbns, mixture, ske, transient] e ‘
File Mesh Define Solve Adapt Surface Display Report Parallel \

s-d-@ae|Fraas||@Anm-o-

Problem Setup Solution Initialization
General Compute from
Models inlet o
Materials
Phases Reference Frame
Cell Zone Conditions @) Relative to Cell Zone
Boundary Cpndiﬁons Absolute
Mesh Interfaces
Dynamic Mesh Initial Values
Reference Values -

Gauge Pressure (pascal)
| 0

Solution
Solution Methods

Solution Controls X Velodity (m/s)
Monitors l 0

Solutio Halizatio

Calculation Activities ¥ Velogity (m/s)

| L
Run Calculation ' -1.584876e-25 -
Results
Graphics and Animations Z Velodty (m/s)
Plots { -3.000005
Reports

Turbulent Kinetic Energy (m2/s2)
‘ 0.03375

Turbulent Dissipation Rate (m2/s3)
‘ 0.3976622

[initsize ) [ Reset ) [patch

Pucynok 37 — Manumanuzanus npouecca pacueta (Solution Initialization)
B none manHoro menrwo Compute From HEOOXOAMMO BbIOpaTh BXOAHYIO

rpaHuly. B pesynbrare pekoMeHayeMbIC 3HAUECHUSI HAYAITbHBIX TAPAMETPOB Oy Ay T
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paccuuTaHbl MO BXOJHBIM TPAHWYHBIM YCIOBUSAM. [[sl WX OPUHATUS CIECAYET
Haxars [nitialize.
4. Hactpoiika 0ToOOpakeHHUs TPOLECCA PELICHHUS.
Jliist Toro, 4ToOBl OTOOpaXkaTh HEBS3KKM B MPOIECCE pacyeTa, a TAKXKE 3a4aTh
KPUTEPUI OCTAHOBKH PEIICHWsS, HEOOXOAMMO BBI3BATh MEHIO Residual Monitors
(puCyHOK 38) C MOMOIIBIO KOMAH/IBL:

I'M: Solve — Monitors— Residual Monitors

[ ™~
Residual Monitors @
Options Equations
7 Print to Console Besudual Monitor Check Convergence Absolute Criteria ~ »
7| Plot | continuity v v | 0.001

|

o meV\ = x-velocity ] J 0.001 -
=) 1 Curves... | \ Axes... | ||

’ y-velocity 7 v 0.001

O
e

Iterations to Pl

g ——
| 1000 ‘% | z-velocity 7 7 0.001
Residual Values Convergence Criterion
Iterations to Store ™| Normalize |absolute v |
1000
V|Scale
[ ok || Pot | [Renormalize| | cCancel | [ Help |

% 4

Pucynok 38 — Hacrpoiika otobpaxenus nponecca pemenus (Residual Monitors)

B none Option HEOOXOAMMO MOCTAaBUTh TAJIOYKWA HAMpPOTHB CJIOB Plot u
Print. 210 IpUBEIET K TOMY, YTO HEBSA3KH MO BCEM YPAaBHEHHSIM OyayT MeyaTaThCs
B OKHE CO00IIeHus Print u 0ToOOpaXkatbes B BUAE TpaMKOB B rpaQUuUECKOM OKHE
Plot.

B nonsx Residual npyr Ham JIpyroM TMEPEUMCIICHBI BCE PEIIAEMBIC
VPaBHEHHUS, a4 HANPOTHB KAXIOr0 M3 HUX YCTAHOBIEHBI MPEICIbHBIE HEBSA3KH.
3ajaya CUMTAETCS PELICHHOM, KOTa HEBA3KA MO BCEM YPABHEHHSM OKaXYyTCS
MEHBLIE 3aJlaHHBIX 3HAYCHHWA. B 3TOM ciiydae mOpouLecc BBIYMCICHUS OyaeT
ABTOMATUYECKM OCTAHOBJICH. CUYMTAETCS, YTO JUIsl TOJYYEHUsI TOYHOIO PEIICHUS
JOCTATOYHO JOCTIKEHMs HeBs30K /0° 1o BCeM ypaBHEHHsM. M3MeHeHwme
Pa3HOCTH PacXOJ0B MEXIY BXOIHOW M BBIXOAHOW I'PAHULIENA B MPOLIECCE PEIICHUS
MO>KHO BU3yaJTU3APOBaTh. I 3TOTO HY>KHO BbI3BATh KOMAHIY:

I'M: Solve— Monitors— Surface.
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[TosiBUTCS MEHIO, N300PAKEHHOE HA PUCYHKE 39.

B Surface Monitor ‘ i ﬁ

Name

Report Type
1 mass-flow |Mass Flow Rate

Options
[¥] Print to Console
|V Plot Static Pressure
Window
o e AP
2§ (e (s ] =
Twite Surfaces EE
B |default-interior

File Name

’ surf-mon-1.out

wall
X Axis wall_rpm

z-coordinate-5
!Iteratlon X ‘ z-coordinate-6

Get Data Every
‘ 1 (4] | rteration v ‘ :
(=]

[New Surface v ‘

[ ok | |cancel| | Help |

L

Pucynok 39 — MeHro Busyanusanuu npouecca pacuera (Surface Monitors)
Jlajiee B JaHHOM MEHIO BBITIOJHAOTCA CIEAYOIIUE ACHCTBUS:
e aktuBupoBarthk Plot, Print v Write nnst Surface Monitors,
® BBECTM YHUCJIO JABA B OKHO MWindow (co3maTh BTOPOE OKHO st
0TOOpaKCHUS TAHHBIX ),
® OMNpEACIUTh MapameTp HAOMOAEHUS B OKHE No2 — MacCOBBIM pacxo;
- B HHUCIMAJAKOLIEM MEHIO Report 1ype BoiOpars Mass Flow Rate,
- B oOnactu Surface BeiOparh [nlet and Outlet.
5. Jlanee HEOOXOAMMO UCKIIFOUHAThH U3 pacueTa MpoLece KaBUTALWN:
I'M: Define — Phases...
[Tocre 3TOrO ClieayeT HaXaTh KHOMKY [nferaction, Juist TOTO YTOOBI OTKPBITH
NaHelb B3aUMOJCHCTBUS a3 U B HEM BO BKITAAKE Mass BBIKIIOYATH KABUTALIUIO
6. [lns coxpaHeHHs paCUETHOM MOJEIN U BCEX CAETAHHBIX HACTPOEK peLiaresis
HEOOXOMMO BBI3BATh KOMAHAY:
I'M: File— Write— Case.
B nosiBuBIIIEMCSt OKHE TPOBOJHUKA HEOOXOIMMO BHIOpaTh MECTO, Tl OYAET

coxpaHeHa mMonenb U ee ums. llocme Haxatus kHONMKW OK B YKa3aHHOM MECTE

NOSIBUTCS (PAisT MOIECTN C PACIIUPEHUEM *.cas.
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(pucyHok 40):

7. 3amyckaem pacuet msa 1000 urepanuii ¢ MOMOIIBIO CIIEAYIONIUX ISHCTBHM

I'M: Solve — Run Calculation

B FLUENT [3d, pbns, mixture, ske, transient] "D

File Mesh Define Solve Adapt Surface Display Report Parallel V

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

Solution Methods
Solution Controls

s d-me|[Fraqs|@xnm-o-

Run Calculation

[ Check Case... | [ Previe

Time Stepping Method Time Step Size (s)
Fixed i

Number of Time Steps
1

(D)

Options

Extrapolate Variables
Data Sampling for Time Statistics

Monitors 1 -

Solution Initialization v

Calculation Activities

Run Calculation| Max Iterations/Time Step  Reporting Interval -
Results ‘ 1000 (@) i 1 @)

£3

«

Graphics and Animations
Plots
Reports

Profile Update Interval
1 (=)

=

| Calculate

Pucynok 40 — 3anyck nporecca pacueta (Run Calculation)
Ecau  ycrmoBHe CXOOMUMOCTH OyAeT JOCTUTHYTO, TO MpoLecc CcYeTa
OCTAHOBHUTCS CaM M MOSIBUTLCSA HAAMUCH solution is converged. Ecny 3aJaHHOTO
gyruciaa urepanuii OyJIeT HEIOCTAaTOYHO JUIs MOJMYYEHUs PELIECHUs, TO IPOLECC

peIICHUA MOKHO HNPOAOJIKUTD. PeieHue MOXKET HE COMTHUCH B 3TOM JHANA30HE

urepammii. Torma cieayer vBeauduTh MX KoamdecTBo Jo 10 000. Jlna Oosee

OBICTPOI CXOAMMOCTH MOKHO YMEHBIIHUTD I1OJI PEIAKCALIMOHHBIE (haxTopsel g0 0.1.

8. CoxpansieM case u data aitibl.

1.2.8 Oopabomrka pe3yromamog paciema 6e3 kasumayuu
Ha nanHOM 3Tarme crieayetr oToOpa3uTh KOHTYPbI CTATUYECKOrO AABJICHUS B
uccaeayeMbIX Mectax. Jlnsg mpocMOTpa IOJNEl paclpefesieHus mapaMmeTpoB
HEOOXOMMO 3aIyCTUTh KOMAHY:
I'M: Display — Contours
B pesynbrare e BHIMONHEHUs TOSBUTCS MeHIO Confours (pucyHOK 41).

YtoObl pacrpeelieHHe mapaMeTpoB 0TOOPaXKalock B BUJE NONEH, HEOOX0IUMO B
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okouike Filled moctaBuTh ranoyky. B MPOTMBHOM cllydae pacnpeacicHus
napameTpoB OyayT W300pakarbCsi B BUAE M30JMHUNA. [lapameTp, WU3MEHECHHE
KOTOPOro Tpedyercs oToOpa3uTh, BeiOUpaeTcs B noje Contours of. OHO COCTOUT
U3 JBYX HHUCMANAIOUIMX CHUCKOB. B BEpxHEM BBIOMpPACTCS TPyMa, K KOTOPOWH
NPUHAUIC)KUT HYXHBIA mapaMeTp (HampuMmep, naBieHWe). B HWKHEM CcHucke
YTOUHSIETCS, KAKOW MMEHHO MapaMmeTp rpynnbl TpeOyeTcsl ONPEaeSIATh (HanpuMmep,
CTATHYECKOE JABJICHUE). DTO TUIMOBAs M 4aCTO MCMOIb3yeMas MpoLeaypa BeIOOpa
oToOpakacMOro mnapaMerpa B mporpamme Fluent. AHAJIOTHYHBIM 00pa3zoM,
ONPEACTSAETCS MApaMETP NPU ONPEACTICHUN CPEAHCHHTErPAlbHBIX 3HAUYeHUil. B
none Surfaces 3amarOTCI  TMOBEPXHOCTH, HA KOTOPBIX CTPOSATCS  MOJs
pacnpeaeneHuii mapameTpoB. B ciydae, eciii B 3TOM OKHE HHYETrO HE BbIOMpPATh,

TO MoJjie OyJAET NOCTPOCHO MO BCEH pacyeTHOM 001acTH.

B3 FLUENT [3d, pbns, mixture, ske, transient] — o o

i~d-m@|[ErQa s/ Qrm-oO-

1: Contours of Static Pressur +
- ANSYS
238e+05
" 224e+05 .
2.09e+05
1.95e+05
1.80e+05
1.66e+05
151e+05
137e+05
122e+05
1.08e+05
9.340+04
7.89e+04
6.44e+04
4.99e+04
354e+04
2.09e+04

e
.
o
ixture ' 6.3%e+03
-8.11e+03
-2.26e+04 .
urfaces 5= zZ—X
&) linfet - -3.71e+04

Contours of Static Pressure (mixture) (pascal) (Time=3.4300e+02) Nov 01, 2010
ANSYS FLUENT 12.1 (3d, pbns, mixture, ske, transient)

>
Interrupting...
Done.

>
Display Compute Close Help Interrupting...
4 Done.

>

Pucynok 41 — Orobpakenue noseit cratuueckoro aasyieHus (Contours)
Jlnist moapoOHOTO MCCIeNoBaHMsl, B KAKOM-TO KOHKPETHOM CEUCHUM MOJIENH,
MO>KHO CO3/1aTh BCIOMOTAaTENbHYIO MJIOCKOCTh MO JitoOOoH BblOpaHHOM ocu. [ljis
9TOI'0 BBIIIOJHAKOTCA CIICAYIOIHC HeﬁCTBHH:

I'M: Surface — Iso-Surface...
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— B nosBuBmemcs okHe (pucyHok 42) B none Surface of Constant, BelOupaeTcs
Mesh (Cetka) u Z-Coordinate (Koopaunara-72).

— B 3TOM 1osie MOXXHO BBECTH MMsI HOBOM MOBEpXHOCTH New Surface Name. B
JAHHOM CJTy4a€ OCTaEeTCsl 0 YMOJTYAHUIO.

— BBoaurcs KoOpAMHAT CEYEHHUs, B KOTOPOM MPOBOJUTCS HCCJIECIOBAHUE,
Hanpumep Z = 0.002935 anst [so-Values (U30-3HaueHue).

— 3areM Haxxumaetcs kHonka Create (Co3aars).

AHaIOrM4HO CO3JAK0TCS APYTUE MIOCKOCTU CEYECHHUS.

r o — P — —— | —
B FLUENT [3d, pbns, mixture, ske, transient] -~ . T— =11
‘File Mesh Define Solve Adapt Surface Display Report Parallel View Help -
S-d-me|(@raas||einm-o-
Grachics an |1 Mesh =
Problem Setup L 3 s E g m Iso-Surface ‘#.
General -
Models : e Options Contours of Surface of Constant . From Surface BEM
Materials
Mesh... =
Phases ﬁkd : [Pressleu. v] [L V{ :‘Tef?ult-mtenor
Cell Zone Conditions e Static Pressure - Z-Coordinate v | [outlet
Boundary Conditions V| Global Range [ J Ph wall =
Mesh Interfaces V] Auto Range f’hase ] ee —J wall_rpm
Clip to Range mixture X z-coordinate-5
Dynamic Mesh 9 mixture -  mixctur =
Reference Values ~ Draw Profiles Min (m) Max (m) 2-coordinate-6
SetUp... Draw Mesh
Solution 2 awiies [0 0 [0.005 [0:055 s e Bl
Solution Methods fuid — —
Solution Controls Animations __ Levels Setup Surfaces = Iso-Values (m)
Monitors ep 20 @ 1 (4] (default-interior - ‘ 0.00364
Solution Initialization Scene Animatior} ® () [linlet
Calculation Activities ||Solution Animati outlet = « [ »
Run Calculation Sirface Nase Patham ;\\;:::_rpm New Surface Name
Results Matthl z-coordinate-5 X [z-coordnnateﬁ
foraphics and Animationsilll E
Plo i = New Surface v
Reports M"J Point... 86 [ Create ] [ Compute ] [Manage] [ Close } 1 Help }
— Line/Rake... =
((uohts... ] (d Otadoc b4 z %
4 ———— 1 Lso-Surface.. =
3 (ospy ] (¢ e ) Nov
== ANSYS FLUENT 12.1 (3d, pbns, mixture, ske,

Pucynok 42 — Co3pnanue BcrioMoraTtenbHOi miockoctu (Iso-Surface)

ITociie 3T0ro NpoOBOAUTCS BU3yaAIM3aLMs BEKTOPOB CKOPOCTEN B PacuyeTHON

obnactu. st 3T0ro He0OOXOAMMO 3aMyCTUTh KOMAHY:
I"M: Display—Vectors.

B pesynbrare ee BBINOTHEHUs TNOSBUTCS MEHIO Vecfors. B 3ToM MEHIO B
none Surfaces HyXHO BbIOpaTh NMOBEPXHOCTb WJIM TPaAHHUILy, TJ€ HEOOXOIUMO
oroOpasuth BekTOpel. B 30He Color by 3anaercs 3aKOHOMEPHOCTH OKPACKU
BEKTOPOB (pUCYHOK 43). LIBeT BEKTOpa B KOXKI0M TOUKE pacueTHOH oOmacTu OyaeT
COOTBETCTBOBATH BEIIMUYMHE MMApaMeETpa, onpeaeneHHoro B 30He Color by. Ecnm

pa3Meprl BEKTOPOB OKAKYTCS MAICHBKUMU, MX MOKHO YBEJIMYUTD, 3a7aB O0JIbIICe

yucIo B nosie Scale (pucyHok 44).
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@ =

13 FLUENT (39, pbr, mixture, =
File Mesh Define Solve Adapt Surface Display Report Parallel View Heip
|- d-@ 0B+ QQs]@AN8-0-
Problem Setup Graphics and Animations |MConouscistatciesar
General
pireril e
Phases Vectors.
Cell Zone Conditions Pathines
Boundary Conditions: Partide Tracks
Mesh Interfaces
Dynamic Mesh
Reference Values
Sehotin [setwm...]
Solution Methods
Solution Controls Animatons
' |Scene Animation
m Solution Anmation Playback A
Run Calulaton o o w b !
Results
Plot
Repars
r \
12 Contours 6.44e+04
= 499%+04
g:::wm- 354e+04
(! Global
m:: 2.09e+04
e —) Basens
| | -37106.49 |zmss.s \ -8.11e+03 -~
e — T as -2.26e+04 L X
2 @1 @[ = -3.71e+04
-SSR ey
| e B
(Match | = ontours of Static Pressure (mixture) (| al) (Time=3.4300e+02) Nov 01, 2010
Ah’SYS LUENT 12.1 (3d, pbns, mixture, ske, transient)
Surface Ty [CIE} .
ans -
m«. @ nterrupting...
fan et one .
[ Dsplay | [Compute | [ Close | nterrupting...
one .
u E
K 5

SemiMesim OxfmemSotvemAcisptaGuiscemBisheym ot fuslcmiowamticts

Brd-me|BF+raas@rnmE-o

7|

Problem Setup x

| 1: Veloaty Vectors Colored B v

Velocity Vectors Colored By Velocity Magnitude (mixture)

(ms) (Time=3.4300e+02)

r

Nov 29, 2010
ANSYS FLUENT 12.1 (3d, pbns, mixture, ske, transient)

Max (mjs)

 C—

axis ; -
exhaust-fan o
fan -

 Display | |Compute] | Close | | Help

inlet (water)
default-interior (water)
fluid (vapor)

wall (vapor)

wall_rpm (vapor)

outlet (vapor)

inlet (vapor)
default-interior (vapor)
default-interior

inlet

outlet

Done.
Preparing mesh for display...

Done.
Reading "D:\1111eeeel.dat"...
Done.

<

Pucynok 44 — Buzyanusauus BEKTOPOB CKOPOCTH
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Ecnn BekTOpoB OyAET CIMIIKOM MHOTO W OHM OyAyT MEIIATh QHAIHU3Y
Pe3yJbTaTOB, TO MX KOJWYECTBO MOKHO YMEHBIINTH, 33/1aB B Mojie Skip 4uCIIO,
OTJIMYHOE OT HYyJis. OTO YHUCJIO OMNpPENENseT, CKOJIbKO BEKTOPOB HE Oyaer
oroOpaxarbcs. Hampumep, eciu B mosie Skip CTOMT 4MCIO 2, TO 3TO 3HAYUT, YTO

JIBA U3 TPEX BEKTOPOB HE OYIyT MOKA3aHbI B rpa)MueCKOM OKHE.

1.2.9 Pewienue 3a0auu ¢ yyemom npoyecca Kasumayuu
1. BKJIKOYHATH HACTPOIKY peIIaTens, YYUTHIBAIOLLY IO IIPOLIECC KaBUTALMU B
notoke (1. /.2.5).
2. 3anyctuth pacuet ans 1000 urepanuii (. 1.2.7).

3. Coxpanutb Case v data Qaiinei.

OOpaboTka pe3yabTaTOB pacyeTa ¢ KaBUTALMEH MPOU3BOAUTCS aHAJIOTHYHO
n. /.2.8. Ha pucyHkax 45 u 46 npeactaBicHsl pe3yJibTarThl pacyera.

R T e — T MRS TET—— o
| File Mesh efine e Adap irface * Paraliel  Vie Jeip
[~ w0 S 6

Repor
A A @AM~-0O~

| 1: Contours of Statc Pressur

Problem Setup Graphics and Animations
General —
Modes e 253e+05 ANSYS
Materus lContours ] |
Phases vectors . 2.40e+05 ‘
Fkrinksisvidfll] | -8 2280405
Dynamic Mesh 2.15e+05 ‘
Reference Vakies Setup...| 2.03e+05
Solution
Sokuton Methods 1.90e+05 \
Soluton Controls Sbanan 1.78e+05 Mingy, MG, e 2
Montors _ 3 |
s Scene Animation
SoliSon Infialzation | | cokibon Anmation Playback 1.65e+05 ‘
Run Calaulation 1.53e+05
o 1.406+05 3
Setup... . 1.27e+05 -
1.15e+05
Optans.. scene.... Views. 1.02e+05 &
B Contous & 8.986+04 < .
optors Contours of 7.73e+04 ) ,
o/ Fille Pressure. - <
Bivacs wias e~ 6.470+04 4
7 Gobel Range 4
7 Auto Range Phase ‘ 5.22e+04
= moctre - 3.96e+04
Draw Profies. !
Oraw Mesh - - — 2T71e+04
1.45e+04 ¥
Leves senp Surfoces @)= Z2—x
2 a1 a) | Gefauit-nterior A 2.00e+03
o
Suface Name Patien | T I
Match | |2 <coordnate-5 - Contours of Static Pressure (mixture | Nov 01, 2010
pascal y
New Surface v ANSYS FLUENT 12.1 (3d, pbns, mixture, ske)
Surface Types &= e — —
et >
et fan Interrupting. ..
fan o Done.
>
Dsplay | |Compute| | Cose Help Interrupting...

| bone..

>

PucyHok 45 — OtobpaskeHre noJjell craTU4ecKoro AasjieHus B ceuenune Wall rpm
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mmmmu’—" L TTRm— e s)

Fle Mesh Defme Sobve Adept Surface Owplay Report Paraiel View Melp
E-d-me|Braasjexm-o-

Probiem Setip Graphics and Animations

2.00e+03

Contours of Static Pressure (mixture) (pascal) Nov 01, 2010

= ANSYS FLUENT 12.1 (3d, pbns, mixture, ske)
ﬁ :"""“'P“"l---
fan L Done.

) o) ) Interraptin...
{ 5

Pucynok 46 — CtaTuueckoe 1aBlieHHE B MEXKJIONATOYHBIX KAHAJIAX KPbUIbYATKU Hacoca
(ceuenue z-coordinate-6)

<l

3arem cremyeT 0ToOpa3uTh KOHTYpPhl OOBEMHOH 101 (asbl-2 (BOASHOIO
napa) Ha padbouem kosece Hacoca (pucyHok 47). [lns storo B none Contours of B
BEPXHEM HUCMAJAIOIIEM CIIUCKE BBIOMpaAEcTCs rpynna Phases, a B HIDKHEM CIIHCKE

BbIOMpaetcs Vapor.
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B} FLUENT [3d, pbns, mixture, ske]

TR B W

|m Mesh Define Solve

Adapt Surface Di

pla

[@-ad-@e[F+aasa

AMR~-O-~

Problem Setup Graphics and Animations [ 1: Contours of Volume fractc + J
General s
Models Mesh 2.00e-01
Materials
Phases Vectors 1.90e-01
Cell Zone Conditions Pathines
Boundary Conditions Partide Tracks 1.80e-01
Dynamic Mesh 1.70e-01
Reference Values e 1.60e-01
Solution =
Solution Methods 1.50e-01
Solution Controls Animations 1 40e-01
Monitors S 8
Solution Initializati cene Animation
Sy Solution Animation Playback 1.30e-01
Run Calculation 1.20e-01
Results ety
Plota = 1.00e-01
Reports SetUp... |
9.00e-02
Options... |[_Scene... [ Views... | 8.00e-02
[ Contours = 7.00e-02
Options Contours of - 6.00e-02
7] Filled [Phases... |
7| Node Values e : 5.00e-02
7] Global Range )| “
Auto Range Phase - | 4.00e-02
V| Clip to Range \vacxx ] 3.00e-02
Draw Profiles " rrees
Draw Mesh 2 00e-02
[0 [02
= 1.00e-02
Levels Setup Surfaces Bl8}
20 @& (2] [inlet 0.00e+00
® () |outiet
wall 3
Surface Name Pattern | z-coordinate-5
[Match | |z-coordinate-6 < Contours of Volume fraction (vapor) Nov 01, 2010
[New Surface v | ANSYS FLUENT 12.1 (3d, pbns, mixture, ske)
Surface Types ==
[[axs 3
dip-surf -
exhaust-fan Interrupting...
fan Y Done.
>
[ Display | [compute| [ Close | [ Hep | Interrupting...
== — Done.
>

Pucynok 47 — O6beMHast 10151 BOJSIHOTO Tapa Ha KpoMmke padouero kojeca

Ilpumeuanue: I3 nocieone2o pucynka UOHO, 4mMo 6 OAHHOM CIIy4de KAGUMAYUs.
He 3HAYuUmenbHd. YposHem KAsUmayuu MOJICHO YNPAGIsmsb C NOMOWbBIO 8EeIUYUHbL
oasnenusi Ha Gvixooe. /A ygequueHuss CKOpOCmu  napoobpazoeanus U,
Cl1e008AMENbHO, pa3mepd NApo8o2o NY3viPbKd, HEOOX0OUMO YMEHbULUMb OUG/IeHUE

HA 8bIX00E 00 JHCENAeMO20 YPOBHAL.
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2  MNPOEKTHUPOBAHWE TEIUVIOOBMEHHUKA CUCTEMBI
OXJIAJK/IEHMSI JIBC

JUts pelieHus JaHHOW 3aJa4d C MOMOIIBI0 MporpaMmsl Fluent cHavaiia
CTPOUTCS ABYXMEPHAs MOJIEIb TPYOKH TPyOUYaTO — JICHTOYHOTO paauaropa. 3aTem
OPOBOANATCS MOJCIUPOBAHUE TEUCHUS  OXJIOKAAOIWICH XUAKOCTH Ha JaHHOM
yYacCTKE TEIJIOOOMEHHHMKA, HA KOTOPOM HAXOAMTCS 3HAYCHHE KO3(PPUIMEHTA
TEIUIONEPENAYN Il JAHHOM KOHCTPYKIMU. 3aT€M Ha TPEXMEPHOH MOJAEIN OCTOBA
pamuaropa MPOMCXOAMT YHUCIEHHOE MOJCIMPOBAHHUE TEIUIOBBIX MPOLECCOB IS
JAHHOH BBIOPAHHOM 3apaHee KOHCTPYKIHH TEMIO0OMEHHUKA.

IlepBoHaYaJIBHO BBIMTOIHAETCS IMOCTPOCHUE Moaend. JUId pemeHus 3Toi
3amaun y100HO MCHOIb30BaTh Pa3IMUHbIC rpaduueckue peaaktopsl (Solid Works,
Unigraphix, Komnac). JIByxmepHas MOJENb MPEACTABISAET COOOW NBE COCEIHUE
TPYOKH, COEIMHEHHBIE BMECTE, MEXKIY KOTOPBIMM HAXOJIUTCS JIEHTA OPEOpPEHHSI.
[TpoBOMIM MOCTPOEHUE YYACTKOB TPYOOK JJIMHOM OKOJO TMOJIOBUHBI BCEH JTUHBI

(pucyHoOK 48).

A A A A A A

/IR VR VIV VI VR VI ¥

Pucynox 48 — O0mmii Bua AByXMEpHOH MOAEH
TpexMepHas MoJIeNb TPEACTaBIIECT co00i 0CTOB paauaropa 0€3 opeOpeHus
¢ GoYkamu, MOJBOAAIIMM, OTBOASIIMM KaHasamu (pucyHOK 49). /lanee moaenb
uMnoptupyercss B Gambit, TAE€ BBINOJHAKOTCA € HEH JOMOJHUTEIBHBIC

MOCTPOEHUS, OHA Pa30MBAETCsI CETKOM M 3a1at0TCsl TPAHUYHBIE YCIIOBHSI.
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Pucynok 49 — O0muii Bug TpexMepHO MOIeTn

Jlis umnopra B Gambit He0OOXOIMMO B HA3BaHUM MOJCTW MCIOJIb30BATh
TOJIBKO JIATUHCKKAE OYKBBI MM LHA(PBL, TPEAMOYTUTENBHBIM (POPMATOM 3aAMUCH AJIst

(¢aiinos sBnsiercs Parasolid.x t.

2.1 ITocTpoenne 2D Moae/n Tem1000MeHHUKA

1. 3anyckaerca mnpeanpoueccop Gambit. ITlpu >ToM HEOOXOAMMO TPH
BBINIOJIHEHUM JAHHOW MPOUEAYpPhl BBHIOpaTh pado4yr0 Manky M HaxaTb

KHONIKY Run (pucyHoK 50).

[ Gambit Startup [F=8[E=H
Working Directory I _j Browse |
SessionId I new session _j
Options | 246

cue |

Pucynok 50 — 3anyck npennpoueccopa Gambit
2. 3areM UMIIOPTUPYETCS TOTOBAask MOJEINb B penpoueccop Gambit:

File — Import — Parasolid
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BreiGupaercs ¢aiin, nHanpumep, radiator2d.x t , a 3aTeM HAXKUMAETCS KHOTIKA

Accept (pucyHok 51).

¢ Import Parasolid File 8

File Hame: IIF:\LISEFH\Mersedes\ZZZ.x_t |Bruwse...|

Import Options:

Model Scale Factor [

Stand-alone Geometry:
A Mo stand-alone verices
- Mo stand-alone edges
-1 Mo stand-alone faces

-l Heal Geometry
W Make Tolerant

Accept | Close |

Pucynok 51 — Ilpouecc nMmopTupoBaHust MozeNu B ipeanpoueccop Gambit

3. OObeneHue YETHIPEX BHEIIHUX JTUHUH B IOBEPXHOCTb.

JIs BBINOJTHEHUS TAHHOTO ACWUCTBUS BBIOMpacTcs MeHto Create Face from
Wireframe, a 3arem, yaepxxuBas kinapumyy SHIFT , moodepenHo BeliOmpatorcs 4

BHEIIHUX JIMHUU U HaXXUMaeM Apply (pucyHok 52).

File Edit Solver Help Operation

|8 5| i

Geometry
1

Face

SIS
5] S 1] <]

Edges lli ﬂ

Type: @ Real -~ Yirtual
Jmgaface [T 4
I Guide Edges l— J
1 Guide Vertices l— J
Tolerance Autn

Label li

Apply | Reset | Close |

VUV

Global Control

Transcript

£ Description I Active E EH E EH Al
Cornected vertex vertex 5548 to vertex 5547, which is deleted 3

GRAPHICS WINDOW- UPPER LEFT
Connected vertex vertex.2 to vertex. 1, which is deleted

QUADRANT | | =y | _,gfl |
Connected vertex vertex.5540 to vertex. 5550, which is deleted ? G o CB
Connected wertex vertex.3 to vertex. 4, which is deleted — - —
Created face: face.l -ll I I=S ‘Q\

. - | | - | : | E |

Pucynok 52 — Ilpouecc oObeneHns YeThIpeX BHEIIHUX JIMHUU B IOBEPXHOCTD
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4. Tlpomecc pa3neneHus CO3IaHHOM MOBEPXHOCTH JTMHUSMH.

B menro BeiOupaem Split  Face. B mone Face yka3bplBacTcs CO3JaHHAs

NOBEPXHOCTh (HE 3a0biBasg Haxare SHIFT), BelOupaercsa Split

with — edge, a

3areM B MoJie Edges OTMEYAETCS JIMHUS 110 CTpenke 1 m HaxkumaeTcs KHonka Apply

(pucyHoKk 53). JlaHHas onepanus NOBTOPSETCS, TPU STOM Pa3aeis

00pa3oBaBIIUXCS TOBEPXHOCTEH JIMHUEH MO CTPENKE 2.

File Edit Solver Help

]

v s
Transcript. 4 Description P4

Command> face split "face.l" edges "edge. 2774" [
Created: face. 2

Created: edge. 2777, edge. 2776

Command> undo

Undone to: face split "face.1' edges "edge. 2774" 7

eTcs OonbInas u3

Operation

|8 2| @il

Geometry

Face

B
A =]

Split Face

Face face.1 il

Split with T

Edyes [Bagezrra — #f
Tolerance Aulo -

Hpply | Reset Close

Global Control

T oewe S| FR ([ F o

%ol | 8| 7 ]

Pucynok 53 — Ilpouecc pasneneHust CO3qaHHON MOBEPXHOCTH JIMHUSAMHU

5. JIOnOJHUTENBHOE MOCTPOEHUE IBYX JIMHUIA.

Beibupaercs menwo Create Straight Edge, a 3aTeM TaKKe OTMEYAOTCS

NOCJIEIOBATENBHO JBE TOUKM, KaK TMOKa3aHO Ha pHUCYyHKe 54

ClieBa, W 3areM

HOKUMACTCId KHOMKAa Apply. 3aTeM CO3[aeTcs €Ie OJHA JIMHUS, BBIOMPArOTCS

TOYKH, BBIJICJICHHBIE HA PUCYHKE 54 cripasa.
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Operation

7 3| i

Geometry

. st : @
el B 1| ¢

Verlices IIvenex.MB il

Type: 4 Real + Virtual

1 I J
Label |
apply | Reset | cose |

PucyHok 54 — JlonoaHUTEIpHOE MOCTPOCHUE JBYX JIMHUN
6. Co3maHue BCIIOMOTaTeIbHON TOBEPXHOCTH.
OtkpeiBacTcss MeHO Create face w3 Wireframe W BbIOMpArOTCS JTUHUM,
00pa3yroIIMEe 3aMKHYTBIA KOHTYP, KaK MOKAa3aHO HA PHUCYHKE 55, U HAKUMACTCS
KHONIKa Apply. Jlanee cTpodrcs €lie TpU MOBEPXHOCTH, MPH 3TOM  BBIOMPAIOTCS

COOTBETCTBYIOIME JIMHUM, IOKA3aHHbIE HA PUCYHKAX 50.

Help Operation

(@ =| @ i

[T =] o] #¢] @)
g i &

Create Face from Wireframe

Edges [Bdge.z750 |

Type: “® Real -~ Yitual

1 Initial Face [ =l
—I Guide Edges l— _I
I Guide Vertices l— _I
Tuolerance Auto |

tonet ]

Apply | Reset | Close |

Global Control

PucyHok 55 — JlonoaHUTENBpHOE NOCTPOCHUE BCIIOMOraTEIbHON MOBEPXHOCTH
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PucyHok 56 — JIonoaHUTENBbHOE MOCTPOCHUE BCIOMOraTENbHON MOBEPXHOCTH

7. YnajieHue NUHUMA.
JUJ1s1 BHITIOJIHEHM S YIAJICHUST OTKPBIBACTCS MEHIO Delete Fdges N BbIACTSETCS

MOJIHOCTBIO BCSI MOJIENTh M HAXKUMAETCs KHoMKa Apply (pucyHok 57). Tlocie 3toro

6YI[YT YAaJICHBI BCC JIMINHUC JIMHUHA, HC O6’[>€I[I/IHGHHBIG B IOBCPXHOCTH.

(8 =] it

Geometry

st 1)

ATElie
Edges MW |

W Lower Geometry
Apply | Reset |  cose |

Global Control

Pucynok 57 — Ilpouecc ynanenue JTMHHAN
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8. KonupoBaHue BCIOMOTAaTEIbHBIX MOBEPXHOCTEMH.
BeinonmHeHue naHHOro neicTBust TpeOyeT akThBM3aUuu MeHr Move/Copy
Faces, B KOTOpOM BBIOMPAIOTCS JBE MOBEPXHOCTU (PUCYHOK 58). 3aTeM HUKE
BbIOMpacTess onums Copy W BBoauTcs uucio konuwit 182, B mone Global

yCTaHaBIMBACTCS 1Iar Mo OcH X, paBHBIN 3, ¥ 3aTEM HAKUMAETCS KHONKA Apply.

Help Operation

& @ | i

- - - -

Move f Copy Faces

Faces Fick — | Face5 *
+ Move 4 Copy I1 B

Operation:
4 Translate  + Rotate

>

~ Reflact + Scale

Coordinate Sys.

_sys.1

Type Cartesian  — |

Global Local
% [3 %[5
" o Y o
“ P “ P

o

- Copy mesh linked
- Copy mesh unlinked
I Copy zone types

Apply | Reset Close

| Global Control

Pucynok 58 — IIponecc konupoBaHusi NOBEPXHOCTEN
9. Pa3znenenue cpenHel MOBEPXHOCTH BCIOMOTATEIbHBIMU TOBEPXHOCTAMM.
OtkpsiBacTCcs MeHIO Split Face, a 3aTeM B noJie  Face BBIOMPAETCS CPEIHSS
NOBEPXHOCTh, BBIOMpacTcs onuusa Split with — Faces u B He#l B none Faces
BBIOMPAIOTCS BCE BHYTPEHHHE BCIOMOTATEIBHBIE TOBEPXHOCTH B (opme
CKPYIJIEHHBIX TPEYTOJIBHUKOB M X MOJIOBUHOK (PUCYHOK 59). HeoOxoauMo Takxke
akTuBM3MpoBaTh (pyHKIU Connected. 11ocne BBINOSHEHHUS BCEX BBIICYKA3aHHBIX

HACTPOCK HAKUMACTCSL KHONIKA Apply.
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Help Operation

& & @i

Geometry

Face

L= o @
EERIE
s [
Split with e

Fes [ 4|
Tolerance Aulo

- Retain
- Bidirectional
W Connected

Apply | Reset | Close |

Pucynok 59 — Ilpouecc pasneneHus cpenHel MOBEPXHOCTU BCIOMOIATEIbHBIMU MTOBEPXHOCTAMU

10.00beIMHEHNE JIMHUH A7l OIMHAKOBOTO pa30ueHus CETKOM (PUCYHOK 60).

Operation

BN

(18]

.
Edges IIedgeW ll

W Periodic

Apply I Reset I Close |

Pucynok 60 — Ilporecc obbenuHeHne TUHUH
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JI1s BBIIOJTHEHHSI TAHHOTO JIEHCTBUSI OTKPBIBAECTCSI MEHIO Link Edge Meshes,
3aTeM BBIOMPACTCS BEPXHsISl M HWKHSS JIMHUU (PUCYHOK 60). JIisi BBINMOTHEHHS
npouecca 00bEIUHEHHUS HAKUMAETCSl KHOTIKA Apply .

11.TTocTpoeHue CETKHM.

Pa3OueHne Moieny Ha SIIEMEHTAPHBIE TYEHKHN OCYIIECTBIISIETCS CIEAYOLIIM
o0pa3oM: OTKpbIBacTCs MeEHK Mesh [Faces, BBIOMPAOTCS MOBEPXHOCTH,
NOKa3aHHbIe HA pUCyHKe 61. B mone Spacing ycranaBmmBaeTcs pasMep sUCHKH
paBHbiii 0.1 (BaxxHO CTaBUTh HMMEHHO 3HAK TOYKH «.»), B mone FLlements
BbIOMpaeTcs Quad, B none Type — Map. JIns BBIMOMHEHHS MPOLIECCAa HATOKECHUS

CETKH HAXXUMAECTCS KHOTKA Apply.

Help Operation

A ER

Mesh

Faces IF ll
Scheme: | Apply Defaunl
Elements: auad |

Type: Map —

Smoother: None  — |

Spacing: | Apply Defaultl

Options: M Mesh
]

o &
- Ignore size functions

Apply | Reset Close

Pucynoxk 61— IIponecc HaCTpOHKHU NapaMeTpOB CETKH
12. TTocTpoeHrE OCHOBHOM CETKH
[Tepen BBINOJHEHUWEM JAHHOTO [JEHCTBUS PEKOMEHAYETCS COXPAHMTH
MOJETb CICAYIOIIEH MaHuNyJsuueh: File— Save As (M cneayeT BBECTH WMs

(¢aiiia 1 HaXxxaTh KHOMKY Accept). B Tom ke MeHIO Mesh Faces B onumu Faces
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BBIOMPAIOTCS BCE OCTABIIMECS HEPAa3OWThIE MOBEpXHOCTH. B mone FElements
BbIOMpaeM 7ri, a B mone 1ype — Pave. B none Spacing ycTaHaBIMBAETCI pa3Mep

sueliku, paBHbli 0.1, a 3aTeM HaXKUMaETCsl KHONKa Apply (pUCYyHOK 62).

& | Tl 2| 1::
| il ¢

Faces I 1'

Scheme: W Apply Defaultl

Elements: Tri

-

Type: Pave - |

Spacing: W Apply Default'

Interval size |

Options: W hdesh
1 Remave old mesh
A Rannvs hasr msdh
-l Ignore size functions

Apply | Reset | Close |

Pucynoxk 62— IIpouecc HacTpOHKH napaMeTpOB OCHOBHOW CETKU
13.HazHaueHne rpaHuYHBIX YCIIOBUH.

OTkpbIBacTCs MEHIO Specify Boundary Types u B HEM BBIOMPAKOTCS JTMHAA
COOTBETCTBYIOIIME BXOIY KUAKOCTH B TEIUIOOOMEHHUWK, a 3aTreM B mone 1ype
3aaeTCs TUN TpaHMLbl — Pressure inlet W HaxuMmacTcs KHomka Apply.
YCTaHABIMBAKOTCS TPAHMLBI KAK MOKA3aHO Ha pucyHke 63. [locie BBIMONHEHUS
JAHHBIX JCWCTBHNA OTKpBIBAaCTCI MEHIO Specify Boundary Types, B KOTOPOM
BbIOMPAIOTCS TMHUKM COOTBETCTBYIOLIME BBIXOAY KUAKOCTH M3 TETUIOOOMEHHUKA, a
3areM B moJie 7ype BBIOMpACTCS TUN TpaHMLbl — Pressure outlet (pucyHok 64).

I[J'IH MOATBCPIKACHHUA BBIIICYKA3aHHBIX HACTPOCK HAKHUMACTCA KHOIIKA Apply

55



@ | @ [ i
Bl

FLUENT 5/6

Action:
4 sdd ~ PAodify
~ Delete ~ Delete all

Hame Type

<1 T ] [
-l Show labels _| Show colors

Hame: [}

Type:
PRESSURE_IMLET - |
Entity:
Edges — ||Iedge.2?? gl
Label Type
edge. 2761 Edge
=] 6 [
Remove | Edit |
Apply I Reset I Close

Pucynok 63 — Hacrpoiika rpanu4Horo ycnosust Pressure inlet

@ | 5 BN
7 8]

Specify Boundary Types

FLUENT 56

Action:
& add ~ MAodify
~ Delete  + Delete all

Name Type

] I | [
I Show labels _i Show colors

Hame: I

Type:

PRESSURE_IMLET ] |
Entity:

[Ee =l =]
Type
Edge
] I i [
Remove | Edit |

Pucynox 64 — Hactpoiika rpanudHoro ycnosust Pressure outlet
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14. Hactpoiika Tuna KOHEYHO-3JIEMEHTHOM Cpebl (PUCYHOK 65).
Opsirsabion |

o @@ il

Tonees

@) ®

FLUENT &/&

At

* pgd v Modify

s Diilede o Diilidi all
e Type

VOO FLLUID

REBRA SOLID

VOZDUX FLUID

dda(fluid)

L I

Entity:

Faces ._ll I ﬁ
Label Type

L —

= S =

Remipng | Edit I

Mgty | Reset | Oose

(odaal Control

PucyHoxk 65 — HacTpoiika Tua KOHEYHO-3JIEMEHTHOH Cpebl
B nanHOi 3amaue HEOOXOAMMO yKa3arb OOMACTH B KOTOPBIX OyayT

HAaXOAWTBCS Pa3HbIE Cpeabl (BO3AyX, BOJA, MATEPHAl U3 KOTOPOTO BBIMOJIHEH
TEIUIOOOMEHHUK). BBIMONHEHHE TAHHOTO ACHCTBUS TPEOYET aKTMBU3ALMKA MEHIO
Specify Continuum Types. B HeM corilacHO pUCYHKY 65 Ha3HaudaeTcs Tum cpen. B
rpade Name HeoOXOAMMO BBECTH WMEHA cpel, mpu 3ToM cpera VOZDUX
(Bo3ayx) oObeauHseT B ceOe Bee cpenpl, kpome REBRA (Marepuan u3 koToporo
BBIMIOJIHEH TemaooOMeHHUK) W VODA (Boga wimM jpyras OXJIaKJaaromas
SKUJIKOCTD ).

15. Coxpanenue Moaenu.

File — Save
16. DkcnoptupoBanue Mmoaenu B npeanpoueccop FLUENT.
JIaHHOE IECHCTBUE OCYILECTRISIETCS CACAYIOINAM 00pa3oM:

File — Export — Mesh
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[Ipn oCylEecCTBICHMM AAHHOH (QYHKIMH HEOOXOIMMO AaKTHBHPOBATh

GyHKUMIO Lxport 2-d(x-y)Mesh (pucyHok 66).

File Type: UNS 7f RAMPANT f FLUENT 5/6

File Hame: I 1234 msh

W Export 2-Dix-% Mesh

Accept |

Pucynok 66 — IIpouecc sxcnoptupoBanus Mmofenu B npeanpoueccop FLUENT
2.2 IIpoBeneHne pacuera npoueccoB B TEMI000MeHHNKE B (popmare 2D

1. 3anyckaerca mnporpamma FLUENT i JIBYXMEPHOTO MOJECIMPOBAHUS

(pucyHok 67). [1ns 3Toro BeiOupaercs pexxuM 2D B one Dimension.

~

| FLUENT Launcher =NRSN X
NANSYS FLUENT Launcher
Dimenzion Options
D Double Precizion
@ 2D Usze Job Scheduler
Dizplay Ophions Proceszzing Options
| Display Mezh After Reading @ Serial
| Embed Graphics Windows Parallel
YWorkbench Color Scheme
Show More >
[ H]:4 ] | Liefault I | LCancel | | Help 'I

Pucynok 67 — 3anyck npennpoueccopa FLUENT
2. OTKpBITHE COXPAHEHHON MOJETH.
BeInmonHeHue 3arpy3kd  CO3JAaHHOH MOJAETM OCYLIECTBIISIETCS CIEAYOIUM
oOpazom:
File - Read — Mesh
OTKpOETCsl CTAaHAAPTHOE OKHO MPOBOAHUKA Windows, B KOTOPOM BBIOMPAETCS

COXPAHEHHBIN (paii.
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3. TIpoBepka KOHEYHO-3JIEMEHTHON CETKH HA HAJTMYHE OINOOK.
[TpoBepka pacyeTHOM CETKM Ha HAIWYUE OIMMOOK OCYIIECTBISACTCS C
MOMOIIBIO KOMaH/IbI (PUCYHOK 68):
General — Mesh — Check
[Tocne 3amycka mporpaMMa Ha4yHET MPOBEPSATH KOHEUHO-DJIEMEHTHYIO CETKY,
a B OKHE COOOIICHMS TOSBATCS TOJIHbIE CBeAeHUs o Heil. Ecnm Oynmer HaiineHa
ommOKka, TO OyAeT BBIJAHO COOTBETCTBYIOUIEE COOOIICHHE. B 3TOM ciyuae

HEOOXOMMO BEPHYThCS B TporpaMmy Gambit, HAiTH OIIMOKY W UCITPABUTH €€.

File Mesh Define 5Sclve Adapt Surface Display Report  Parallel

Sr-}d-me|sHEaa s |elnE-o-

Problem Setup General
—_.I_r_'.}"‘ Mezh
Models
Materials | Scale... | | Chedk | | Feport Quality |

== [ Display... ]
Cell Zone Conditions ISpiay. ..

Pucynoxk 68 — IIpoBepka KOHEYHO-3JIEMEHTHON CETKH

4. MacmTaOupoBaHUE KOHEUYHO-3JIEMEHTHON CETKH
Pa3mepbl pacueTHeIx MoAened B mporpamme [luent TOMKHBI  OBITh
00s13aTeNbHO 3a1aHbl B MeTpax. [locTpoeHue ke monenel ynoOHee MpOBOAUTE B
MUWIIMMeTpax. Tak Kak, paccMarpuBaeMas MOJENb Oblia cO3/jaHa B MUJUTUMETPAx
(pucyHoK 69). [To3TOMY MOCTPOEHHYIO CETKY HY>KHO yMEHBIIUTH B 1000 pas.

General — Mesh — Scale.

Y Scale Mesh S
Domain Extents Scaling

Xmin (m) [5.0335 Xmax (m) ’ 0.0335 @ Convert Units
Specify Scaling Factors
Ymin (m) [_9.0335 Ymax (m) [g.0335 Mesh Was Created In

‘ mm v
Zmin (m) |0_005 Zmax (m) f0.0SS
View Length Unit In gl
Scale ‘ | Unscale |

(Close] [ Hep |

(S

Pucynok 69 — MacmtabupoBaHie KOHEUHO-3JIEMEHTHOH CETKH
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B mento Scale Mesh B none Mesh was created in (ceTka Oblna co3gaHa B ..)
HY>KHO BBIOpATh MUIJIUMETPbI mim (WA APYTYIO €AMHULYY U3MEPEHUS, B KOTOPOH
ObLIAa CO3/1aHA PacyeTHAs MOJENB), a 3aTeM HaXaTh KHONKY Scale. Monenb Oyaer
ABTOMATUYECKU OTMACIITa0MPOBAHHA.

5. TIpocMOTp KOHEYHO-JIEMEHTHOMN CETKHU.

[TpocMOTPETH KOHEUHO-3JIEMEHTHYIO CETKY 3arpy>KEHHOW MOJEIN MOKHO C
NOMOIIBI KOMaH/IbI:

General — Mesh — Display

B nosBuBmemcs MeHw Mesh Display (pucynok 70) B oOkHe Surfaces
TpeOyeTcs BBIOpPATh BCE TPAHUYHBIE TTOBEPXHOCTH, KOTOPBIE MOJB30BATENbh XOUET
npocMoTpeTh. Cneayer oOpaTHUTh BHUMAHUE HA TO, YTO HMMEHA B CIHMCKE
COBMAJAKOT ¢ UMEHAMM TPAHUYHBIX YCIOBUi, 3a0aHHbIX B Gambit. JlJia mpocMoTpa

BBIOPAHHBIX 3JIEMEHTOB CETKU HY>KHO HaaTh KHONIKY Display.
E Mesh Display - ]

Options Edge Type Surfaces ==
Nodes @ Al |default-interior 1
V|Edges Feature t
Faces ~) Outline
Partitions

||z-coordinate-5
||z-coordinate-6

[0 ’ 20 I

Shrink Factor

Surface Name Pattern - \New Surface v |

\ Match {2
Surface Types

» |l

| outline | ‘7Interior | '3?;1 .
(SRITIEY) | SER00) 3
exhaust-fan
fan il |

Pucynoxk 70 — MeHI0 npocMOTpa KOHEUHO-3JIEMEHTHON CETKU

B pe3ynbTare BBIMOTHEHUS KOMaHIbl MOSBUTCS Tpapuueckoe OKHO, B
KOTOPOM OYJIET N300pa’keHa pacyeTHAs CETKA WJIM BHIOPAHHBIE JIEMEHTHI MOJCIIH.
Ilpumeuanue: B pezyromame Macuimaduposamusi MoOeib  MOJCem  He
omobpazumcst Ha sKpame, mMax Kaxk umeem mdavlii pasvep. /g moeo, 4moowl
UBY4UMb  KOHEYHO-DJeMEeHMHYI0 CemK)y BHUMAMENbHee, HYIHCHO UCNOAb306dMb
Muluts. J[eudicere Ml C HANCAMOU 1€801l KHONKOU 8bi3bl8dem COBUS MOOEIU.
Jleudicenue muviuty ¢ HANCAMOT CpeoHell KHONKOT Gbl3blGdem NOSGIEHUE PAMKU, C
NOMOWBIO  KOMOPOU MOJICHO NPpUOIUZUMS (ecliu  pamMKy BblmAcusams  Ciesd

60



Hanpaso) @vioeleHnblil (pacmenm Mooenu uly, Haobopom, Omoaiume (eciu
PAMKY 8bImscU6ams cnpasa maieso). Eciu 6 okme Surfaces cHsamv gvioeneHue ¢
nyHkma default — interior, mo 6 okme MOJCHO OyOem Yeuoemv MOAbKO KOHMYP

mooenu, be3 pacuemHoti Cemxu.

6. 3ananue onuuid pemaresns (pucyHok 71):

General — Solver.

File Mesh Define Solve Adapt Surface Display Report Parallel Vie

S -d-@O|SEQ sannm-0-

Problem Setup General

Ll Mesh
Models
Materials ‘ Scale... | | Chedk | | Report Quality |

Phases

i Display...
Cell Zone Conditions ‘Ll

Eound_ary Crondn:lons Solver
viesh Intertaces

Dynamic Mesh Type Velocity Formulation
Reference Values @ Pressure-Based @ Absolute

Solution Density-Based Relative

Solution Methods
Solution Controls
Monitors

Solution Initialization
Calculation Activities
Run Calculation 7| Gravity

Time 2D Space
@) Steady @) Planar

Transient Axisymmetric
Axisymmetric Swirl

| Units.... |
Results Gravitational Acceleration

Graphics and Animations .
Plots REE o
Reports
Y (mfs2) (951
Z(mfs2) [

Pucynoxk 71 — MeHr0 HaCTpPOIKU MapaMeTPOB peLIaTest

Breibupaem pemarens Pressure Based, BBOAAM 3HAUEHUS YCKOPEHHS

cB0OOHOrO MaacHus B nojie Gravitational Acceleration nis ocu Y paBHoe -9.81.
7. 3amaHue MOJeNn TypOYJIEHTHOCTH:

[TOTOK KMAKOCTM XapaKTEPU3YETCS HAMYHEM TYpPOYJIEHTHOCTH —
OecropsIIOYHOrO ABHKEHUST BUXPEBBIX Macc. [Ipy 3TOM Ha OCHOBHOE HANpPaBJICHUE
CKOPOCTH HAKJIaJbIBAIOTCS MOMEPEYHBIE COCTABIISIOIINE, BBI3BIBAIOIINE CUIIBHOE
nepeMelnBanie xkuakoctw/raza. [lpw  pemieHMM naHHOM 3agaum  ClieayeT
OCTaHOBUTH BBIOOP HA MOAEIM TYypPOYJIEHTHOCTH MOJCIHA  HAMPsHKEHWMA
PeliHonbaca, MOCKOJIBKY OHA MO3BOJISIET MOJIyYaTh AOCTATOYHO TOYHBIE PELICHUS,
B KaHajnax CaokHOW Qopmbl. Beibop paHHOW Moxenu TypOyJIEHTHOCTH
OCYUIECTBJISIETCS CIEAYIOMUM 00pa3oM (PUCYHOK 72):

Models — Viscous.

Hanee BeiOupactesa Reynolds Stress Model, Quadratic Pressure —Strain.
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File Mesh Define Solve Adapt S5Surface Display Report Para

Er-d-me| sHaas|lempE-o-

Problem Setup Models
e Mogels
e Multiphase - Off
Materials Wil
Phases e
Cell Zone Conditions Radiation - Off
Boundary Conditions Heat Exchanger - Off
Mesh Interfaces Spedies - Off

Discrete Phase - Off
Solidification & Melting - Off
Acoustics - Off

Dynamic Mesh
Reference Values

Solution |
& Viscous Madel P9
Model Model Constants
() Inviscid Cmu =
() Laminar ’UDQ— |
(") Spalart-Allmaras {1 egn) =
© k-epsilon (2 egn) C1Epsilon
(7 k-omega (2 egn) 7
() Transition k+4-omega (3 eqn) i
*) Transition SST (4 eqn) :
= C2-Epsil
(@ Reynolds Stress (5 eqn) ’—1 BESI =
Reynolds-Stress Model
§ C1-55G-PS
_ Linear Pressure-Strain
(@ Quadratic Pressure-Strain 34
(7) Stress-Omeaga X
Reynolds-Stress Options

Wall BC from k Equation

MNear-Wall Treatment

(@ Standard Wall Functions

() Non-Equilibrium Wall Functions
Options

Viscous Heating
[ Full Buoyancy Effects

[ oK ] [Cancel] [Help ]

Pucynok 72 — MeHto BbIOOpa 1 HACTPOWKH MOJENHN TYPOYJIEHTHOCTH

8. BxiroueHue B pacueT ypaBHEHUS SHEPTUK.
Jlns mony4yeHus pacpeacneHus nojei TeMneparyp HeoOX0AUMO BKJIKOYATh
B PACUET YPAaBHEHHUE SHEPTUU (PUCYHOK 73).
Models — Energy
YcranaBnuBaerced ranouka Energy Equation n HaxumaeTcs KHonka OK.

L E Energy lﬁ

Energy
Energy Equation

[ QK ] [Cancel] [Help ]

[

Pucynok 73 — MeHIO akTUBU3aLUN YPABHEHUS SHEPTUU.
9. 3amanue CBOWCTB PadOuYEro Tena OCYLIECTBISETCS B MEHK Materials,
KOTOPOE BBI3bIBAETCS KOMAHI0H (pUCYHOK 74):
Define — Materials.
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File Mesh Define Solve Adapt Surface Display Report Parallel View Help

s-d-me|sFaas/|la@afiEm-o-

. 1: Mesh -

Problem Setup Materials

General Materials

Models

MEl=EER water-iquid

Phases air

Cell Zone Conditions Solid

Boundary Conditions aluminum

Mesh Interfaces

) Create/Edit Materials

MName Material Type Crder Materials by

|water-liquid Iﬂuid v| @ Name
Chemical Formula

Chemical Formula

FLUENT Fluid Materials
| h2o<l>

Iwater—liquid (h2o<l=)

1 FLUENT Database... |

| User-Defined Database. .. |

none

Properties

e | constant - |

| 1067

Cp (Spedific Heat) (jfkgk) Ir.onstant .|

| 2390

m

Thermal Conductivity (w/m-k) | ——

4
m

|n.3

Viscosity (kg/m-s) |constant v| Edit. ...
00018139 |
|Changefﬂreate | I Delete I | Close I | Help |

Pucynox 74 — MeHro HacTpOWKH CBOWCTB pabodero Tena

B paccmarpuBaemoii 3a1a4ue UCONb3yeTCs BOAA, BO3AYX U ATFOMUHHUN.

Jlns Toro, 4toOBbl OCYIIECTBUTH 3Ty YCTAHOBKY, B MEHIO Materials Hano
Haxarb KHONKY ["LUENT Data Bases, nanee B nosBusliemcsa cnucke [LUENT
Fluid Materials BbeIOpaTh HEOOXOOMMBIE Marepuanbl:. Water-Liquid W HaxaTh
kHONIKY Copy. UToOBI TpUOAN3UTE HALY 337a4y K PEAITBHOCTH, BMECTO CBOMCTBA
JKUJIKOM BOJIBI 3a]1a€M CBOMCTBA peaibHOr0 aHTU(pur3a. [|jist 3T0ro HeoOX0AUMO:

e 3anath cBolicTBa water-liquid. Density=1067, Cp =2390, Thermal

Conductivity = 0.3 u Bsa3kocTs (Viscosity) = 0.001839;
e Haxarb KHONKY Change/Create 1isi COXpaHEHUS H3MEHEHHIA.
10. 3amanne mapamMmeTPOB 30H.
JIaHHOE ACHCTBUE OCYILECTBRISIETCS CICAYIOIKAM 00pa3oM:

Cell Zone Conditions — Zone
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B »>TOM mnyHKT€ HY>KHO HW3MEHHMTH CBOMCTBA CpEIObl, KOTOpass HWMEET
HauMEHOBaHWE voda (JaHHas cpela HAaxOAWUTCS BHYTPU TPYOOK paauaropa):
BBIOMpAETCs BhINIEYKa3aHHAs CpPelia B OKHE Zone, 3aTeM HaKUMaeTcs KHomka Ldit

u B nosie Material Name BoiOupaetcst Water-Liquid (pucyHok 75).

File Mesh Define Solve Adapt Surface Display Report Pa

B-d-@e||sHEaas|esnE-o-

Problem Setup Cell Zone Conditions
General o

Models [metal
Materials voda

Phases vozdyx
Boundary Conditions

Mesh Interfaces

= Fluid - |

Zone Name

|v0da

Material Name wateriquid - | Edit...

Porous Zone

[ Laminar Zone
Source Terms
| Fisced Values

Motion l Porous Zone] Reacﬁon] Source Terms | Fixed Values

Rotation-Axis Origin
¥ (m) [
¥{m) [g

Motion Type | Stationary -

| OK | |Cance|| |Help |

Pucynok 75 — MeHr0 HacCTpONKH MapaMeTpOB 30H

11. 3amanue CnpaBOYHOTO AABJICHUS.
HactpouTe 3HaU€HME «COPABOYHOIO MAABJICHUS) HEOOXOIUMO B MEHIO,
KOTOPOE NMOSIBUTCS B PE3YJIBTATE BBIMOJHEHHUS KOMAH bl (PUCYHOK 76):
Define — Operating Condition.
B pemaemoii 3agaue 1enecooOpa3HO MPUHATh «CHPABOYHOE NIABJICHHEY,
pasHoe 120 000, 1 BBeCTH €ro 3HaUeHue B nosne Operating pressure.
12.3apanue rpaHuYHBIX YCIOBUA.
Define — Boundary Condition
B none Zone HaxoauTCs CUCOK BCEX TPAHWUYHBIX YCIOBHIA, OMPENEICHHBIX
B Gambit. Ecnu BbIOpaTh UMsl OJHOTO W3 HUX, Hanmpumep inlet, T0 B OkHE Type
OyAeT yka3aH THIl TPAHUYHOTO YCJIOBHA. B ciiyyae HEOOXOIMMOCTH B 3TOM OKHE

THUII I'PAHUYHBIX YCJ'IOBI/Iﬁ MOKHO ITIOMCHATD.
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E operating Conditions

Pressure Gravity

Operating Pressure (pascal) Gravity

| 120000 Gravitational Acceleration
Reference Pressure Location S | 0
K (m) ||:| ¥ (mfs2) |_g|81
¥ (m) ||:| Z (m/s2) |,:,
z {I'ﬂ}l 0
Boussinesq Parameters
Operating Temperature (k)

|288.16

Variable-Density Parameters

[7] specified Operating Density

’ oK ] [Canr_el] [Help ]

b

PucyHok 76 — MeHr0 HaCTpOWKH CIPaBOYHOTO NABJICHMUS.

YroObl MPUCTYNUTh K 3aJAHUI0 TPAHUYHBIX YCJIOBHA, HEOOXOAUMO B OKHE
Zone BbIOpaTh HY>KHOE TPAHUYHOE YCIIOBUE (PUCYHOK 77), yOENUTHCS, YTO B OKHE

Type TAI TPAHUYHOTO YCIIOBUS YKa3aH, BEPHO, W HAXKATh Fdit ... .

File Mesh Define Solve Adapt Surface Display Report Parallel

S H-me| | SEae o

Problem Setup Boundary Conditions
General S
MDdElT‘S default-nterior
Materials default-interior:013
Phases default-interior:014
Cell Zone Conditions periodic. 1
Mesh Interfaces pre”ssure_nuﬂet. 3
Dynamic Mesh e
e | wall:001
Reference Values wall:00 1-shadow
Solution wall:010
) wall:010-shadow
Sc-lut!c-n Methods wall012
Solution Contrals
Manitors
Solution Initialization
Calculation Activities
Run Calculation
Results
Graphics and Animations Type D
Reports
[ Edit... ] [ Copy... ][Proﬁles... ]

[ Parameters... ] [Dperaﬁng Conditions... ]
[Display Mesh...] [ Periodic Conditions. .. ]

PucyHok 77 — MeHI0 HACTpOMKY IrPaHUYHBIX YCIOBUN

a. YCTaHOBUTH napamcCTpbl JUIA I'padrlbl, UMEIONICH HAnMCHOBAaHUC

pressure_inlet.2 (pucyHoK 78):
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o Type Mass-flow-inlet - Momentumy
o Mass Flow Rate - 0.049;
o Supersonic/Gauge Pressure - 0;
e Direction Specification Method - Direction Vector;
o X-Component of Flow Dire - 1;
o Y-Component of Flow Dire - 0.
Turbulence:
e Specification Method - Intensity and Hudraulic Diameter;
e Hydraulic Diameter - 0.0037.

B oxne Hydraulic Diameter BBOOUTCS TUApaBavueckuil amamerp. OH
HaxoauTes o gopmyne d, = 4F/I1, rne 11 — nepuMeTp ceueHus; [ — ero miomaib.

Thermal:

o Total Temperature - 363.

@ e
Zone Name
Momentum lThermaI] Radiation] Spedesl DPM ] Multiphase] ups ]
Reference Frame IAbsqute ,]
Mass Flow Spedification Method IMass Flow Rate ,‘

Mass Flow Rate (ka/s) ’n,ua,g— [mnstant v‘
Supersonic/Initial Gauge Pressure (pascal) ’u— [constant -]

Direction Specification Methad [Direcﬁon Vectar .I

X-Component of Flow Direction [ [mngtant - ]
f-Component of Flow Direction [ [congtant hd ]

Turbulence
Spedfication Method 'IntensityI and Hydraulic Diameter vI
Turbulent Intensity (%) [1g
Hydraulic Diameter (m) 5 gn37
Reynolds-Stress Specdification Method IK or Turbulent Intensity - I

| [ Ok ] [Cancel] [Help ]

Pucynoxk 78 — MeHIo HaCTpOWKH IpaHULbI pressure inlet.2

b. YcraHoBUTH  mapamMeTpel Ui  TPaHUIBL, MMEIOMEH  HAUMECHOBAHUE

pressure outlet.3 (pucyHok 79):
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B outflow ;J&

Zone Name

‘ pressure_outlet, 3

Flow Rate Weighting | 1

I QK | |Cance|‘ | Help ]

Pucynox 79 — MeH1o HaCTpOWKY TpaHHLbI pressure  outlet.3
e Type - Outflow;
o [Flow Rate Weighting - 1.
13. YcranoBka napameTpoB pacyeTa.
JlaHHas  HACTpPOWMKA  OCYLIECTBISETCS C  MOMOUIBIO  CIIEAYHOLIMX
MaHUNyasuui (pucyHok 80):
Solution Methods — Spatial Descritization
B 3one Spatial Discretization ONpeAenstOTCS CXEMbl JTUCKPETH3AIUN
COOTBETCTBYIOIAX VYPAaBHEHUMN, TO €CThb OIMMCHIBACTCS AJTOPUTM ITOCTPOCHUS
JUCKPETHOrO aHajiora Ju(p(HEepeHIUaNbHOTO yPaBHEHUS B Y3JI€ KOHEYHO-
AJIEMEHTHOM CETKHU. J1Jisl MOJTyYEHUs TOUHBIX PEHICHUH HEOOXO0IMMO UCTIONB30BaTh
JUCKPETU3AIMK BTOPOTO M BBINIE MOPAAKOB TOYHOCTH. ONHAKO HA TMEPBBIX
UTEPALMAX TAKOE PEUICHUE HEYCTONYMBO. [103TOMY TMEpBBIE HECKOIBKO ACCIATKOB
WTEPALAl CIEAYEeT HPOBOAWTH HA MHEPBOM TMOPANKE IUCKPETHU3ALMUA, 3aTEM €r0

MMOBBIIIATD.

File Mesh Define 5Solve Adapt Surface Display Report  Parallel

B-Hd-@e|sHFaa s inm-o-

Problem Setup Solution Methods
General Pressure-Velocty Coupling
Models
Materials Scheme
Phases |smvPLE ~|

Cell Zone Conditions
Boundary Conditions
Mesh Interfaces Momentum

Dynamic Mesh lSecond Order Upwind v‘
Reference Values

Spatial Discretization

Turbulent Kinetic Energy

Solution |First Order Upwind - |
Bolution Methods) Turbulent Dissipation Rate
;Dluzgn Controls IFirst Order Upwind - |

onitors

Solution Initizlization R':‘.'leds StrESSE_S
Calculation Activities IF'FSt Order Upwind - !
Fun Calculation Energy

Results |5emnd Order Upwind vl

Graphics and Animations

Pucynok 80 — MeHro HacTpoliku nmapamerpos pacuera (Solution Methods).
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3areMm cnenyer ycraHoBuTh Second Order Upwind (BTOpOH ypOBEHb
OUCKpEeTH3alMn ) At Momentum m Energy.
14. Ycranoska MOAPENAKCALUOHHBIX KO3 ()(PUIIMEHTOB ITPOUCXOJUT
cienytromum o0paszom (pucyHok 81):
Solution — Solution Controls
B 30ne Under-Relaxation Factors 3amparorcs K03(PQUUMEHTHI PeJlaKCALAN
OPA PEIICHUU COOTBETCTBYIOLIMX YPAaBHCHWW. YMEHBIIEHUE KO3(PPUIHMECHTOB
YJIy4IIAET CXOJMMOCTh PEIIEHHS, HO 3aMETHO YBEJIMYMBAKOT BPEMs CYETA.
CHmxeHre K03QPUIMEHTa peraKkcauuy IAPOKO MPUMEHSETCS TPU NpodiemMax
3aIyCKOM pacyeTa 3a1auu, HO UX BbIOOP TPeOYyeT ONMPEAECIIEHHOTO OMNbITA.

Crnenyer 3a1aTb 3HaYEHUE BCeX KOAPPUIMEHTOB paBHbIMU 0.3.

Problem Setup Solution Controls
General Under-Relaxation Factors
Maodels .
Materials Pressure
Phases | 0.3
Cell Zone Conditions
Boundary Conditions Density

Interfaces | 0.3
Dynamic Mesh
Reference Values Body Forces

Solution | 0.3

m

Viesh

Momentum

[0

Monitors | 0.3
Solution Initialization
Calculation Activities Turbulent Kinetic Energy
Run Calculation | 0.3
Results %

Graphics and Animations | | pefault |
Plots P
Reports | Equations... | ’Limits... | |Advanced... |

Pucynok 81 — MeHro HacTpoWKH MOApeIakCaMoOHHbIX K03 dunmentos (Solution Controls)

15 . Mannmanm3anys HaUaTbHbIX 3HAYCHUI TapaMeTPOB.

Ilpn pewreHnu 3amad ra3oBOi JWHAMUKHA YHUCIICHHBIMH METONAMHU IEpPEX
3aIyCKOM PEIICHUsI HEOOXOAMMO YCTAHOBUTH HAYAJIBHBIE 3HAUYEHUS MTApaMETPOB B
pacueTHOW oOnactH. MHWnManmM3anMs HAYAIBHBIX 3HAUEHWH MapaMeTpoB
OCYILIECTBISETCS 3a CUET BBIMOJIHECHUS CICAYIOMIMX MAaHUIYISUUI (PUCYHOK 82):

Solution — Solution [nitialization
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E FLUENT [3d, pbns, mixture, ske, tm;i;\m

-

File Mesh Define Solve Adapt Surface

Display Report

Parallel \

Problem Setup

General

Models

Materials

Phases

Cell Zone Conditions

Boundary Conditions

Dynamic Mesh

Reference Values
Solution

Solution Methods
Solution Controls
Monitors

Kolution Initializatio
Calculation Activities
Run Calculation

Results

Solution Initialization

Compute from

svd-@e|[Graa | ARE-O-

inlet

Reference Frame

Q) Relative to Cell Zone
Absolute

Initial Values

Gauge Pressure (pascal)

[0

X Velodity (m/s)

‘ 0

Y Velocity (m/s)

‘ -1.584876e-25

m

Z Velodty {m/s)
‘ -3.000005

Graphics and Animations
Plots
Reports

Turbulent Kinetic Energy (m2/s2)
| 0.03375

Turbulent Dissipation Rate (m2/s3)
’ 0.3976622

(it (et ot

PucyHnok 82 — IIpouecc nHMIManu3aluyd Ha4ajJbHbIX 3HAYEHUI TapaMeTPOB.

[TpaBuiibHBIA BBIOOP 3THX NApaMETPOB MOKET CYIIECTBEHHO YCTOWYMBOCTD
U CXOAMMOCTb, YE€M YCKOPHUTH MOJyYEHUE PEUICHUS. B 3TOM MEHIO B TOJE
Compute From He0oOX0OMMO BbIOpaTh BXOJHYKO TpaHully. B pesynbrare
PEKOMEHIyEMBbIE 3HAYECHMsI HAUYalbHBIX MMApaMETPOB OyAyT PACCUHMTAHBI IO
BXOJIHBIM FPAHUYHBIM YCIIOBHSIM.

JUTs X IPUHATHS CEAYET HAXKATh [nitialize (puCyHOK 82).

16. CoxpaneHue pacyeTHOM MOJENH.

Jlts coXxpaHeHHs paCYeTHOM MOJIENIM U BCEX CHIETAHHBIX HACTPOEK peliareis
HEOOXOIMMO BBI3BATh KOMAH/Y:

File — Write — Case.

B nosiBuBIIIEMCSl OKHE TPOBOAHUKA HEOOXOIMMO BHIOpPATh MECTO, T/I€ OYJET
coxpaHeHa mMozenb U ee ums. llocime Haxatus kKHONMKUW OK B YKa3aHHOM MECTE
MOSIBUTCA (PaiisTt MOAEIN € pacIUPEHUEM *.cas.

17. 3anyck pacuera (s 1000 urepanuii) BBINOJHSIETCS ¢ TOMOIIBIO BbI30Ba

COOTBCTCTBYIOIICTO MCHIO!
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Solution — Run Calculation

3anmyck pacyeTa OCYIIECTBISCTCS HaxaTtueM kHonku Calculate B MEHIO
3aIrycKa pemeHus (pUCyHok 83).

Ecnu ycnoBue cxogumoctd OyAeT MOOCTHTHYTO, TO MOPOLECC CueTa
OCTAHOBUTCS caM. EciiM 3aaHHOTrO 4Kclia uTepanuid OyaeT HEeO0CTaTO4YHO IS
MOJIyYCHUS PEIEHUS, TO MPOLECC PEIICHUS MOYKHO MPOI0JKUTb.

Peuienne MOXeET ObITH OCTAHOBJIEHO B JIDOOH MOMEHT Ha)KaTUEM HA KHOMKY
Cancel v BHOBB 3alyIIEHO C MECTAa OCTAHOBKM HaxkatueMm kHonku Calculate B
MEHIO 3amycka pemieHus. B xone mnay3sl MOryT ObITh  MPOCMOTPEHBI
NPEABAPUTEIILHBIE PE3YJIbTaThl PEHICHWS, BHECEHbI M3MEHEHUS B TPaHUYHbBIC

YCIIOBUS WIN HACTPOWKH PEIIATEIS.

File Mesh Define Solve Adapt Surface Display Report Parallel

J‘vdv':)_'!(@ *I*(gl@{f l@l ngva
Problem Setup Run Calculation
G I ~
Mj;:: ‘ Check Case... ’
Materials
Phases Number of Iterations __ Reporting Interval
Cell Zone Conditions ‘ 1000 (&) ’ 1 (o)
£ [w] [w]
Boundary Conditions - =
Mesh Interfaces Profile Update Interval
Dynamic Mesh ’ 1 (o)
Reference Values =]
Solution ‘ Data File Quantities... | Acoustic Signals
Solution Methods
Solution Controls
| Calculate [

Monitors
Solution Initialization

Pucynok 83 — IIpouecc 3amycka pacuera

Pewenne MOXXET HE COMTUCH B 3TOM AMarnazoHe urepaumii. Torga cieayer
yBeMUUTh X KommuecTBO 10 10000. Jlns Gonee ObICTPOH CXOAMMOCTH MOYKHO
YMEHBIIUTh NOAPeNIakcaltnoHHbIe (akTopbl 10 0.1.

18.0O0paboTka pe3yabTaTOB BEIYUCICHUS

[Ipexxne Bcero, BBIMOIHIETCS BU3yallM3alUs BEKTOPOB CKOpocTh. Jljis
O0TOOPAKEHUSI BEKTOPOB CKOPOCTEM B pacu€THOM 0071aCTH HEOOXOIMMO BBITIOJIHUTH
KOMaHy:

Results — Graphics — Vectors.
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B 30ne Color by 3amactcsd 3aKOHOMEPHOCTb OKpackud BeEKTOpoB. Llper
BEKTOpPA B KKIOW TOUKE pacyeTHOW oOjsacTu OyAeT COOTBETCTBOBAThH BEJIMUYMHE
napameTpa, onpeaeiaeHHoro B 30ue Color by.

Eciu BEKTOpbl OKKYTCS MAJICHBKMMM, WX MOXKHO YBEJIMYMTh, 3a7aB
Oonbiiee uucao B mosie Scale. Eciu KOIMYECTBO BEKTOPOB OYIET CIMIIKOM
OosblIoe, ¥ OHU OYIyT MEIIaTh aHaIU3y Pe3yJbTaToOB, TO UX MOXHO MPOPEAMTD,
3a1aB B nojie Skip 4MCI0, OTIIMYHOE OT HYJS. DTO YMCIO OMPEAENSIET, CKOJIbKO
BEKTOPOB HE OyneT oToOpakarbcsi. Hanpumep, ecinu B nosie Skip CTOUT YHCIO 2,
TO 3TO 3HAUMUT, YTO JIBA M3 TPEX BEKTOPOB HE OYIyT MOKa3aHbl B TpaduyuecKoM
OKHE.

B kaudecTBe WUTIOCTpALIMK MPUBEIEHO PACIPEIETICHUE BEKTOPOB CKOPOCTH B
MeKpeOepHOM — KaHajie paauaropa. Ha pucynke 84 OTYETIMBO  BUAHBI

KOHBCKTHUBHBIC TOKHW B KaHAJIC.

1: Velocity Vectors Colored 8~ |

Vectors of
7] Global Range [velocity
| Auto Range
Clip to Range
V] Auto Scale
Draw Mesh |Ve\nuty Magnitude

Color by
[veloaty...

Skip

5 (2 Surfaces
(=] |default-interior

— ||default-interior:013

[ vector Options... | defaultinterior:014

periadic. 1

| custom vectors... | pressure_inlet.2

oressure_outiet. 3

voda

Surface Name Pattern
[Match| [New Surface ~

Surface Types
axis

dlip-surf
exhaust-fan
|IFan

| | Display | [compute| [ close | [ Hep |
f .

,"”WWW’ S e

Pucynok 84 — IIpouecc Bu3yanu3anuu BEKTOPOB CKOPOCTU

19. Onpenenenne 3HaueHUs KO3(Q(PUIIMECHTA TEMIONEPEIAYH.
Jlns mpocMoTpa moJieit pacnpeaesieHus mapaMmeTpoB HEOOXOAUMO 3ayCTUTh
KOMaHJy:
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Results — Graphics — Contours

UroObl pacmpenesicHue MapamMeTpoB OTOOpaXajiochb B BHUAC MOJEH,
HEOOX0aMMO B OKouwike [Filled mocraBuTh Tanouky. B mnpoTwBHOM citydae
pacnpeneaeHus napaMmeTpoB Oy IyT U300paxkaThCs B BUJIE U30JIUHUH.

[TapameTp, W3MEHEHHE KOTOPOro TpeOyeTcs OTOOpa3WuTh, BHIOMPACTCS B
nosie Contours of (pucyHok 85). OHO COCTOUT M3 JIBYX HUCHAIAIOIIUX CIUCKOB. B
BEPXHEM BBHIOMpAETCS TIpyMna, K KOTOPOH MNPUHAUICKUT HYKHbIM mapamerp
(Hampumep, CKOPOCTh). B HMXKHEM CIUCKE YTOUYHSETCS, KAKO MMEHHO NapaMeTp

IpynIbl TpeOYETCsl ONPEACTUTD (HATPUMEDP, OCEBASI CKOPOCTH ).

File Mesh Define Solve Adapt Surface Display Report  Parallel

E-d-m0 5 Paa s & L E-0-

Problem Setup Graphics and Animations
General Graphics
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Phases Vectors
Cell Zone Conditions Pathlines
Boundary Conditions Particle Tracks
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Solution

Solution Methods
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Solution Initialization
Caloulation Activities
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Scene Animation
Solution Animation Playback

Results
Graphics and Animations]
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Reports I Setilip...
i 1
EY contours &J
Options Contours of
Filled lWaII Fluxes... v]
| Node Val
poe s Wall Func. Heat Tran. Coef, -
Global Range
Auto Range
Clip to Range | i} 0
[~ oraw Profiles
[ praw Mesh Surfaces BB
default-interior o~
default-interior:013 \;1
Levels Setup default-interior:014 =l

50 [=] 1 [+] [ periodic. 1
= [=] |pressure_inlet.2

pressure_outlet.3

Surface Name Pattern
Match
Surface Types EE

axis -
dip-surf K
exhaust-fan g
fan =
[DiSDIaY ] [Compute] [ Close ] [ Help ]

.

Pucynok 85 — Ilpouecc onpenenenust 3HadeHns ko3 duunenra reronepenaun
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DTO TUNOBAs W 4YACTO MCHOJIb3yeMasl Mpoleaypa BbIOOpa OTOOPaKaeMOro
napaMeTpa B nmporpaMmme Fluent. AHANTOTHUHBIM 00pa3OM, OMPEACAETCS MapameTp
IIPU OTPEACIICHUN CPEIHE MHTETPATTbHBIX 3HAYCHUIA.

Jnst

TeIonepenayn HeoOxonumo BeIOpare mnapamerp Wall Fluxes BO BKIaIke

pEeLICHUS HalIed 3a7aud 1O  ONPENCICHHIO KO3 PUIIMEHTA
Contours of v Wall Func. Heat Tran. Coef. nox HUM.

JUis ycpeaHeHHsl TaHHBIX HEOOXOAMMO 3a1aTh MHTEPBAT OTOOPAKAEMBIX
napaMeTpoB. B meHro Options oTKIIOUMTE QyHKUMIO Auto Range, aBTOMaTHYECKA
aktuBupyetcs pynkuus Clip to Range. Bapsupys pa3mep HHTEpBaa, J0OMBAaEMCs
HanOOoJIEE MOJIHOTO OTOOPKEHUS MapaMeTpa Ha TPaHNLIE BO3AYX-METAILIL

[TyTrem nocneaoBaTrenbHOro0 HCCIEI0BAHN s 3HAUCHUI TapamMeTpa Ha TPaHnLe

HAXOJUTCS MPUOJIM3UTEIILHOE 3HAYEHUE NTapamMmeTpa (PUCYHOK 86).

File Mesh Define

G- @

Solve Adapt Surface Display

Faa s &

Report Parallel View

ne~ o~

Help

1: Contours of Wall Func. He

Problem Setup Graphics and Animations
General Graphics
Models Mesh
I_ﬂatenals Contours
Fhases Ch
Cell Zone Conditions Pathlines
Boundary Conditions Partide Tracks
Mesh Interfaces
Dynamic Mesh
Reference Values —
|setup... |
Solution E—
Solution Methods
Solution Controls Animatians
Moritors Sweep Surface
Solution Initialization Scene Animation
Calculation Activities Solution Animation Playback
Run Calculation
Results
P\ots‘ e
Reports [setup...|
| options... || Scene... || Views.. |
| vights... ||colormap... ||annotate... |
[Hep |
& Contours =
Options Contours of
V] Filled [ iall Flus... -

V| Node Values
7| Global Range

50 (=) [1
[=]

| Wall Func, Heat Tran. Coef.

[=] ||periodic. 1
pressure_inlet.2

pressure_outlet.3

[=]

Contour lewvel 11

Contour level 5,

s Min (wjm2-6) Max (njm24) , value in [1888, 1836].
| Clip to Range 700 2100 .
mzwpmﬂés ‘ Contour level B, value in [700, 728].
Draw Mesh Surfaces EIE] i
e fentior Contour level 5, value in [840, 868].
default-nterior:013 :
Levels Setup | defaultnterior:014 Contour level 5, value in [8408, 868].

value in [848, 868].

Surface Name Pattern [New surface ~ | GContour level 38, value in [1548, 1568].
\ [match B
Surface Types B Contour level 29, value in [1512, 1548].
axis
dip-surf Contour level 29, value in [1512, 1548].
exhaust-fan
fan >
Contour level 29, value in [1512, 1548].
|D|splay | |CDmputE| | Cose | [ hep | Contour level 28, value in [1268, 1288].

Pucynok 86 — Busyanusanus
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Jlis oroOpakeHMsl 3HAYEHMs] MapaMeTpa B JAHHOM TOYKE HEOOXOAMMO B
rpauyecKOM OKHE WICJIKHYTh NPABOH KHOMNKOW MBIOIKA B HY>KHOM TOYKE;
3HAYCHUE TapameTpa IMOSABUTCA B TEKCTOBOM IOJIE Mporpammbl. Ui JaHHOWN
MOJIETN 3HAUYCHUE KO3(P(PUUMEHTA TEIIIONEPEAaYl HAX0AUTCa B npeaenax ot 700
Br/M’K g0 2 100 Br/m’K. IIpunuMaertcst cpeiaHee 3HaucHHe Kod(hduimeHTa
Temonepenayy paBHeIM 1400 Br/M°K.

Jlanee clenyer NepeTd K CIEAYIOLIEMY JTaly MNPOEKTHPOBAaHUS. Ha
TPEXMEPHOH MOJENIM OCTOBA paauaropa mposepsercs >PQPEKTUBHOCTh TAHHOTO

opeOpeHuUsl.

2.3 IlocTpoenne 3D Moaen Tem1000MeHHHKA

1. 3anmyckaercsa npeanpoueccop Gambit.
2. 3areM HMNOOPTHPYETCS TOTOBAsT MOJECIb, MPECABAPUTEIIBHO CO3/IAHHAS B
kakoM-1u00 CAD — nakere (pucyHok 87):
File — Import — Parasolid.

3arem BeIOMpacTcs Qaiin radiator3d.x t v HAKUMAETCS KHONKA A ccept.

;\;Z\(Import Parasolid File 23

File Hame: |IF:\USER1\Mersedes\ZZZ.x_t |Bmwse...|

Import Options:

Model Scale Factor |

Stand-alone Geometry:
- Mo stand-alone verices
Mo stand-alone edges
- Mo stand-alone faces

- Heal Geometry
M Make Tolerant

Accept | Close |

Pucynok 87 — Ilpouecc umnoptuposanus 3D-moxnenu

3. CoznaHue BCOMOTaTENbHBIX MOBEPXHOCTEH (PUCYHOK 88).
Jliist atoro B MeHto Create Real Rectangular Face BBOOUTCS 3HAYCHUE IS
CTOPOH MPsSIMOYTONbHOW noBepxHOCTH Width, Height pasHoe 1200. B mome

Direction Beioupaetcs YZ Centered u HaxxuMaeTcst KHonka Apply.
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Operation

@ 3| i

Create Real Rectangular Face

Width iI zaon l
Height I-] zoq
=

—_—
L., M

H

Coordinate Sys.

Direction = ~optared

Label [

apply | Reset | cwse |

Pucynok 88 — Coznanue BCrioMoraTesibHbIX TOBEPXHOCTEN

4. Jlenenue oObemMa Ha 4acTh (PUCYHOK &9).

isi]

& @ |,

Geometry
et s e I@ e
Volume

D | &

- ] &
Pl & 1] ¢
Volume I il

Split With

)
o

Faces (Real) —

Faces I ﬂ
Tolerance Auto |

-1 Retain
-l Bidirectional
W Connected

Apply | Reset | Close I

Pucynok 89 — Memnto Split Volume
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B wmenrwo Split Volume BbiOupaeTcss 00beM paawaropa, B OkHe Split with
BBIOMpACTC faces N HAKUMAETCS KHONKA Apply. DTa onepanysi BbIMOIHACTCS €I1Ie
pa3, ans TOro 4rtoObl MOJYYWTh OTACNIBHbIE OOBEMBI AJii OAuKOB M TPYOOK
pammaropa. Heobxoaumo aktuBu3npoBarh PpyHkuuto Connected (cM. pucyHOK 89).

5. Pa3z0Ouenue TuHUH.

B MeHro Mesh Edges BbIaenseTcss OMHOBPEMEHHO BCE JIMHUHM HAXOISAIMECS
BHYTPU KOHTYPA (U1 3TOTO YAECPYKUBAETCS KHOMKA Shift W JieBass KHOMKA MBILLIN ).
[Ipn 3TOM BBIAEHAIOTCS BCE JIMHAM NMpHHAMIexkanwe TpyOkam. B mone Spacing
BbIOMpaeTcs [nterval Count v BBOOUTCS 3HAUYEHUE paBHOE 8. 3aTeM MPOBOAUTCS
orepanus pa3OMeHus TONBKO JUIsl BEPTUKAJIBHBIX JIMHUK TpyOok. B mone Spacing

BbIOMpaeM [nterval Count u BBOAUTCS 3HaYeHKUE paBHOE 30 (prcyHOK 90).

ll s =i |

@| i1 | | gl iss

Rl 4 il ¢

Edges II ﬂ

I Pick with links  Reverse

Soft link ——— |

M Use first edge settings

Grading | Apply Defaultl

Type  Syccessive Ratio — |

Invertl 1 Double sided

Ratio |1

|

Spacing W Zpply Defaultl
i1 Interval size i |

Options W tdesh
-l Remave ald mesh
I Ignore size functions

apply | Reset Close

Pucynok 90 — Ilporuecc pa3Ouenust THHAN
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3areM TPOBOAWTCA OmNepauns Pa3OMEHUs TONBKO IS JIMHUKA TPyOOK

(pucyHok 91). B none Spacing BeiOupaercs [nterval Count v BBOOUM 3HAUYECHUE

paBHOE 250.

Edit Solver Help Operation

5[5 @i

] [il e

cges  [piers #

W Pick with links  Reverse

Soft link S =

| Use first edge settings

Grading W apply Del’aultl
Type  Successive Ratio — |
Invert 1 Double sided
Ratio A

Spacing W apply Del’aultl

250 Interval count |

Options W Mesh
- Remove ald mesh
- lgnore size functions

Apply I Reset | Close
Global Control

Pucynok 91 — PazOueHune TUHUN HA KOHEYHBIE 3JIEMEHTHI

6. Hacrtpoiika QyHkimMu pazmepa siueeK KOHEUHO-AJIEMEHTHONW CETKH
B menr Create Size Functions B osie Source BBIOMpAeTCs onuus Fdges u
BBIJICJISIFOTCSL BCE JIMHUM TPYOOK OJTM3KME K MPaBOMY(BBIXOHOMY) Oauky. B mose
Attachment BoiaenseM npasblid 0adok (pucyHok 92). B nonsx Start Size, Growth
Rate, Max. Size BBOAATCS 3HAueHUs COOTBETCTBeHHO: 0.3; 1.5; 7, a 3areM
HOKUMAETCA KHONKa Apply.
3areM aHaJOTUYHO MPOBOAMTCS 3TA ONEpALMs Ul JIEBOro Oavka. J{ist 3Toro
B MoJie Attachment BuIACNIACTCS JICBBIM 0a4oK, a B mojax Start Size, Growth Rate,
Max. Size BBOAATCA TE 7K€ 3HAYEHMS, YTO W JJIsl TPABOro Oauka.
7. Co3maHue KOHEYHO-IJIEMEHTHON CETKH
B wmenwo Mesh Volumes BbInensitoTcss Bce TPYOKM W, MCHOJB3YS CXEMY
pasOuenus Cooper C pa3MEpoOM 3SJIEMEHTA PABHOIO EAMHULE, MPOM3BOAMTCS

pa3zbueHue o0beMa TpyOOK (PUCYHOK 93).
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i

Plugp-irn

il ¢
Create Size Function

Type: Fized
Entities:
Source: Edges —
Attachment: ElES —'l

Parameters:

Start size l03

Growth rate .1 5

Max. size l?‘

tabel |7

apply | Reset Close

Pucynok 92 — MeHro HacTpoliku (PYHKLHUHU pa3Mepa ST4eeK KOHEUHO-3JIEMEHTHOH CEeTKU

il

mlﬁﬂﬁ

b |

&

[
voumes  [Fowmz1  #)
Scheme: W apply M
Blements:  oemyedge |
Type:  cooper o

Sources IIfaCET il

Spacing: W Apply  Defaul|
I1 Interval size

Options: W Mesh
- Remaove old mesh
o = e
- Ignare size functions

Apply | Reset | Close

Pucynok 93 — Co3nanue KOHEUHO-3JIEMEHTHOMN CETKH
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3arem pazOuBaeTcsl mpaBblid 0a4ok (pucyHOK 94). Jlns JaHHOrO 3JeMEHTa
MPOUCXOUAT PA3OMEHUE C MOMONIBI0 MCMOJb30BaHMsS cxeMbl Tet/Hubrid TGrid.
Pa3zmep sueiikm ceTku BbIOMpacTcs paBHBIM cemu. [locie 3TOro ¢ Temum ke

napaMeTpaMy MPOMCXOIUT pa3OMEHUE JIEBOTO Oauka paauaropa.

R .
s i i| ¢

w

Volumes I:Efmlumel ﬂ
Scheme: m apply MI
Elements:  Topyyprig |

Type: TGrid — |

-1 Meshed 5.F. on B.L. cap

e

Cariresifs rala

Wax, siee I/

Spacing: W Apply Default'
IFT Interval size |

Options: W Mesh
- Remave ald mesh
2 Bsrnvs ey maeh

< lgnore size functions

Apply | Reset Close

Pucynox 94 — MeHro co3aaHusi KOHEYHO-3JIEMEHTHON CETKH

8. BbIOOp TMIIA TPAHUYHBIX YCIOBHIA.

JUTs BBIMIOJTHEHMS JAHHOTO IEHCTBHS BBIOMpPACTCS MEHIO Specify Boundary
Types, B KOTOpPOM BBIOMPAKOTCA MOBEPXHOCTH, COOTBETCTBYIOIIME BXOIY
YKUJKOCTH B TEIIIOOOMEHHUK, a 3aTeM B MOJ€E 7ype BbIOMpAECTCsS THUI TPAHUYHOTO
yCIOBUSL - Pressure inlet, 1 sl OATBEPKACHUS W AKTHBH3ALUN CIICITAHHBIX
HACTPOEK  HAKMMAaeTcs KHomka Apply. Jlanee yCTaHABIMBAKOTCS OCTalbHBIC

TPAHUYHBIC YCIOBUS ISl COOTBETCTBYIOIINX MOBEPXHOCTEH COTIIACHO PUCYHKY 95.
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Operation
| a|@ il
Zones
EX]

FLUENT 5/6

Help

Action:
4 add ~ hAodiry
+ Delete  + Delete all

Hame Type

RAD WAaLL
pressure_inlet.z PRESSURE_INLJ

pressure_outletd |PRESSURE_OL

& [ | 1 i
I Show labels W Show colors

Hame: I

Type:
FRESSURE_CUTLET - |
Entity:
Faces — || ﬂ
Label Type
<1 [ ] [
Remave | Edit |
Apply | Reset | Close |

Glnhal Cantrnl

Pucynok 95 — HacTpolika rpaHUYHBIX YCIOBHN

9. DkcnopTHpoBaHWE OTOBOI MOJENN B peanpoueccop Fluent

[locne BBIOJHEHUS BCEX HACTPOCK CJIICAYCT COXPaHUTb MOACIIb, a 3aTCM

AKCIMIOPTUPOBATH €€ B peanpoueccop fluent (pucyHok 96)
|E} FLUENT Launcher E=neey x

ANSYS FLUENT Launcher

Optionz
Double Precizsion
Usze Job Scheduler

Dimension

Dizplay Options Pracessing O ptions
| Dizplay Mezh After Reading @ Serial

7| Embed Graphics Windows Parallel
Workbench Color Scheme
Show More > >
|‘ Ok | | Diefault | | Lancel | | Help v|

Pucynok 96 — 3anyck npexnnpoueccopa Fluent
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2.4 lIpoBenenue 3D Moae/iMpOBaHMS TEMJIOBBIX MPOLECCOB B
TeNJ1000MEeHHHUKe
1. 3amyckaercsa nporpamma Fluent At TPEXMEPHOTO MOJECITHPOBAHMSI.
Jliis aToro B oie Dimension BeIOUpaeTces peskum 31 (pUCYHOK 96).
2. 3arpy3ka COXpaHEHHOMW MOJEIH.
File - Read — Mesh
3. TIpoBepka KOHEYHO-3TIEMEHTHON CETKM HA HAJTMYKUE OLIUOOK:
General — Mesh — Check
4. MacmTaOupoBaHME KOHEYHO-3JIEMEHTHON CETKH
PaccmarpuBacmas Moaenb Oblla CO3laHA B MWDIMMETPAX M MO3TOMY
NOCTPOCHHYIO CETKY HE00X0mMO ymeHbIATH B 1000 pas.
General — Mesh — Scale
B none Mesh was created in (ceTka Oblna co3iana B...) B MEHIO Scale Mesh
HY>KHO BBIOpaTh MIWUTMMETPBI MM (WM JPYTYIO €AUHHIYY U3MEPEHHUS, B KOTOPOH

ObLIa CO3J]aHA PacuETHAs MOJIENb), a 3aTEM HAaXaTh KHOTIKY Scale (puCcyHOK 97).
i Y Scale Mesh Ld_&_J

Domain Extents Scaling

Xmin (m) ‘ 0.0335 Xmax (m) [9.0335 @ Convert Units
Specify Scaling Factors

Ymin (m) [~9,0335 Ymax (m) [g,0335 Mesh Was CreatedIn

| mm -

Zmin (m) ‘ 0.005 Zmax (m) [g.055

View Length Unit In
[m .

Scale H Unscéle \

[Close | | Help |

Pucynok 97 — MacmrabupoBanne MOaenu

5. TIpocMOTpETh KOHEYHO-JIEMEHTHYIO CETKY 3arpy>KEHHON MOIEIU MOYKHO €
ITOMOLIBIO KOMAH/IbI:
General — Mesh — Display

6. 3agaHue onuuid penaTens BBITOIHACTCS aHAJOTUYHO HACTPOMKH permaTes
g 2D Monenu:

General — Solver
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BriGupaercs pewarens Pressure Based W BBOJUTCS 3HAYEHUE YCKOPCHHS
cBoOOHOrO MaaeHust B nojie Gravitational Acceleration nns ocu Y paBHoe -9.81
(pucyHOK 98).

Br-d-me|[Eeaa s |ennmE-o-

Problem Setup General

General Mesh

Models

Materials [ Scale. .. ][ Check ][Reportt]uality]

i
D
Cell Zone Conditions isplay

Boundary Conditions

Sol
Mesh Interfaces SR
Dynamic Mesh Type Velodity Formulation
Reference Yalues @) Pressure-Based @) Absolute
Solution () Density-Based ) Relative
Solution Methods -
Solution Controls b=
i @ Steady
Manitors B s ont
Solution Initialization e
Calculation Activities Gravity -
Run Calculation e _
Gravitational Acceleration
Results o=
m/s
Graphics and Animations o
Plots

Reports Y(ms2) [ 5,81
Z (m/s2) lui

Pucynok 98 — Hactpoiika onuuii perares

7. 3anaHue MoJeau TypOYJEHTHOCTH (PUCYHOK 99):

E Viscous Model %

Model Model Constants
L #
() Inviscid C2-Epsilon 1
() Laminar llg—
() Spalart-Almaras (1 eqn) )
@ k-epsilon (2 eqn) TKE Prandt Number

m

() k-omega (2 eqgn) :

() Transition k+l-omega (3 eqn)

() Transition 55T (4 eqn)

B i e (s o) TDR. Prandt Mumber

() Detached Eddy Simulation (DES) 1.2

() Large Eddy Simulation (LES,
= g v =) Energy Prandt Number

k-gpsilon Model 0.85
() standard i
(£ RNG User-Defined Functions
(@) Realizabl
gl et s Turbulent Viscosity
MNear-Wall Treatment ’none - ]
@ Standard Wall Functions Prandt Mumbers
() Non-Equilibrium Wall Functions a4 b ~
(7) Enhanced Wall Treatment TKE Prandt Number |
(") User-Defined Wall Functions lnone '] ‘
— TDR Prandt Number =
£ [none v] ‘
Viscous Heating
[ ] Full Buoyancy Effects Energy Prandtl Mumber ]
none -

[ Ok ] [Cancel] [Help ]

Pucynok 99 — 3ananune moaenu TypOyIeHTHOCTH
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Brelme mnokazaHo, MOAeNnb TYpOYJIEHTHOCTH BBIOMPACTCA CIICAYIOIIUM
oOpazom:
Models — Viscous
N3 Bcex NMEIOIIMXCS MOJIENCH B JAHHOM MEHIO BeIOMpaeTcs k-¢ (k-epsilon),
Realizable.
8. BxitoueHHe B pacueT YPaBHEHUS SHEPIMHM OCYIIECTBIISIETCS CIEAYIOLIMM
oOpazom:

Models — Energy

AKTuBM3UpYyETCA NoJie Energy Equation m Haxumaercs kHonka OK.
9. 3ananue CBOUMCTB padouero Tena
Kak yxe OBUIO MOKAa3aHO BHILIE, 33JaHUE CBOHCTB paboyero Tena
OCYILIECTBISETCS B MEHIO Materials, KOTOPOE BBI3BIBACTCS KOMAaHIOM:
Define — Materials
Jliis TOro, 4ToOBl OCYIIECTBUTH 3Ty YCTAHOBKY, B MEHIO Materials cnenyer
Haxarb KHONKY FLULNT Data Bases, n nanee B nosBusLuemcs cnucke LUENT
Fluid Materials BbiOpath HeoOXoauMble Marepuansl: Water-Liquid (Booa) w
Haxkarb KHOmMKy Copy (pucyHok 100). B cucremMe OXNaKACHWS JBUTATENs
BHYTPEHHETO CrOpaHusi HCIOJB3YETCS AHTUPPU3 M MO3TOMY HEOOXOIUMO
BBITIOJTHUTH CJIEAYIOUINE HACTPOWKH B JAHHOM MEHIO, U3MEHUB NAPaMETPhl BOJBI:
® WU3MCHUTH CBoOiicTBa water-liquid. Density (mnmotHocts) = 1067, Cp
(termmoeMkocthb) = 2390; Thermal Conductivity (TemunonpoBoaHOCTh) = 0.3;
Viscosity (Bs3kocTh) = 0.001839;
e Haxarb KHONIKY Change/Create sl COXPAHEHUS BBIMIOJIHCHHBIX U3MECHECHUH.
10.3amanne mapaMmeTpoOB 30H.
B nanHOoM MEHIO HEOOXOAMMO M3MEHUTH CBOMCTBA cpeabl fluid: njst 3TOro
BBIOMPAETCS JaHHAs Cpela, HaKMMaeTcs KHonka Edit v B none Material Name
aktuBusupyerca Water-Liquid (pucynok 101). /laHHOE NEHCTBUE OCYIIECTBIISECTCS

C TIOMOIIBIO CIIEAYIOMINX MAHUITYJISALIHAN:

Cell Zone Conditions — Zone

83



File Mesh Define S5olve Adapt Surface Display Report Parallel View Help
B-d-@e|sHFaa s Mg~ -

q 1: Mesh -
Problem Setup Materials
Genetdl Materials
Models

water-iquid
Phases air
Cell Zone Conditions Solid
Boundary Conditions alurminum

Mesh Interfaces

3 Create/Edit Materials

MName = Material Type On:.ler Materials by
|waber4|qu|d [ﬂuid v] @ Name
5 : I () Chemical Formula
Ch::'cla L) FLUENT Fluid Materials
[r20a> e et 2 [ oo |
User-Defined Database. ..
none
Properties
Density (kg/m3) [consiant v] Ed
|106?
Cp (Specific Heat) (jfka+k) [mnsiant
|z390
Thermal Conductivity (w/m-) [constant 1
|0.3
Viscosity (kg/m-s) [consiant
L
| 0.0018139
[ChangeICreate ] [ Delete ] [ Close ] [ Help ]

—

Pucynox 100 — Hactpotika cBOHCTB pabouero Tena

- M LS C I N Rl R

Problem Setup Cell Zone Conditions

General T
Hodes T —
Materials
Phases
ell Zone Conditio

Boundary Conditions

Mesh Interfaces

Dynamic Mesh

Reference values
Solution

Solution Methods
Solution Controls
Monitors

Solution Initialization
Calculation Activities
Run Calaulation

Results
Graphics and Animations Type jio]
Reports
[ Edit... ] [ Copy... ][Pmﬁlasm ]

[ Parameters... ] [Dperahng Condmans...]

|

B Fluid (S |

Zone Name
‘ﬂmd

Material Name [y ater figuid .

|:| Porous Zone
D Laminar Zone

D Source Terms
[] Fixed Values
Mation I Porous Zone Reach’on] Source Termsl Fixed Values
-
Rotation-Axis Crigin Rotation-Axis Direction
x(m)|D X|U
v(m)|D Y|U
Z(m) | ) z | 1
Motion Type [Smﬁonary =l (1

Pucynok 101 — MeHto HacTpoOKH NapaMeTpOB 30H
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11.3amanre cCnpaBOYHOTO TABICHUS

AHAJIOTMYHO MPOLECCYy HACTPOWKM pelieHus 20D MOJend HeoOXOauMOo
WU3MEHUTb 3HAYCHHUE «CMPABOYHOIO AABJICHUS» C TOMOLIBIO KOMaH/bI:
Define — Operating Condition.
B Mopenupyemoii 3amaye «CHpaBOYHOE [ABIEHUE» 3a0acTCd PABHBIM
120 000, m naHHOE 3HAYCHUE CIEAYET BBECTHU B o€ Operating pressure.
12.3apanue rpaHuYHBIX YCIOBUH.
BBI3BIBAETCS ¢ MOMOILBIO KOMAH/IBI:
Define — Boundary Condition
JUts TOro 4TOOBI MPUCTYIUTH K 3aJaHUIO TPAHUYHBIX YCIOBH, HEOOX0AUMO
B OKHE Zone BbIOpaTh HY>KHOE TPAHUYHOE YCI0BHE (pUCYHOK 102), yOeauThCs, 4To

B OKHE 7ype TN TPAaHUYHOTO YCIIOBUS YKA3aH, BEPHO, U HaXKaTh Ldit. ...

Zone Mame

| pressure_jnlet, 1

Momentum lThermall Radiaﬁnn] Spen:ies] DFM ] Mulﬁphase] uDs ]

Reference Frame [Absolute v‘
Mass Flow Spedification Method IMass Flow Rate v]

Mass Flow Rate (ka/f=) | 3.2 lmnstant "

Supersonic/Initial Gauge Pressure (pascal) | | lmnstant v‘
Direction Spedification Method |Narmal to Boundary v]

Turbulence
Spedfication Method lIntensity and Hydraulic Diameter = |
Turbulent Intensity (%) [
Hydraulic Diameter (m) |I:I.I:I3

Iy oK ] |Cance|| |He||:| ]

Pucynoxk 102 — MeH0 HaCTPOWKH IPaHUYHOTO YCIOBUS pressure _inlet. |
a. YCTaHOBWTb MApaMeTpPsl Wi pressure inlet. [

o Type - Mass-flow-inlet Momentum;

o Mass Flow Rate - 3.2;

o Supersonic/Gauge Pressure - 0;
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e Direction Specification Method - Normal to Boundary Turbulence;
e Turbulent Intensity - 10,
e Hydraulic Diameter - 0.03.

Thermal

o Total Temperature - 363.
b. YcranoBuTh mapaMmeTpsl 1uis pressure outlet.3 (pucynok 103):

e Type - Outflow;
o [Flow Rate Weighting - 1.

B Cutflow ;J&

Zone Name

| pressure_outlet, 3

Flow Rate Weighting | 1

[ Ok ] [Cancel] [Help ]

Pucynok 103 — MeHr0 HACTPONKHU IPaHUYHOTO YCIOBUSA pressure outlet.3

c. Hactpolika rpann4HbIX yCIIOBUIA U1 TPYOOK M MJIACTHH paauaropa

(RAD) ocyuiecTiasieTcs cieayomumM o0pa3om (pucyHok 104):

= ||

Zone Mame

| rad

Adjacent Cell Zone
| fiuid

Momentum Therma'lRadiah’on] Species] DPM ] Mulh’phase] uDs ]

Thermal Conditions

) Heat Flux Heat Transfer Coeffident (w/m24) 1400 lconstant vI
) Temperature
@ Convection Free Stream Temperature (k) 313 Ir.onstant 'I
_) Radiation

) Mixed Wall Thickness (m) [

Material Name Heat Generation Rate (w/m3) [ lconstant v]
Ialuminum vl Edit...

[] shell Conduction

[ OK ] lCanceI] [Help ]

Pucynox 104 — MeHIO HACTPOMKYU IPaHUYHOTO YCIOBHS Fad

o Type- Wall,
o Thermal Conditions - Convection;
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o Heat Transfer Coefficient - 1400,

e Free Stream Temperature - 313.

13.YcTanoBKa napameTpoB pacyeTa.
Solution Methods — Spatial Descritization
Kak m i monmenvpoBaHusi mporeccoB B 20D mojaenu, B 30He Spatial

Discretization  ONPEACNHAIOTCA  CXEMbl  JTUCKPETH3ALMU  COOTBETCTBYHOLIMX
VPAaBHEHUH, TO €CTh ONKCHIBACTCA AJITOPUTM IMOCTPOEHUS TUCKPETHOTO aHajora
(P PEPEHINATBHOTO YPAaBHEHUS B Y3JI€ KOHEUHO-3JIEMEHTHON ceTkh. B naHHOM
cllydae HEOOXOAMMO YCTaHOBUTH Second Order Upwind (BTOpoHl NOPSIOK
JTUCKPETU3ALMHN ) JUist Momentum v Energy.

14.YcraHoBKa noapenakCcauuoHHbIX Ko GuumueHToB (pucyHok 105).

Problem Setup Solution Controls

General
Models
Materials Pressure
Fhases | 0.3
Cell Zone Conditions

Boundary Conditions Density
Mesh Interfaces | 0.3
Dynamic Mesh

Reference Values Body Forces

Solution | 0.3
thods

Under-Relaxation Factors

m

Momentum
| 0.3

Monitors
Solution Initialization
Calculation Activities Turbulent Kinetic Energy
Run Calculation | 0.3

Results S
Graphics and Animations | | pefaut |
Plots
Reports |Equaﬁ0ns... | |Limits... | |Advanced... |

Pucynok 105 — MeHIO yCTaHOBKHY MOAPETAKCALMOHHBIX KO3 HUIIEHTOB

B nmanHOM cliyyae HACTpOWMKa 3TUX MAPAMETPOB  OCYIIECCTBIISIETCA

CJIeIyIOmUM 00paszoMm:
Solution — Solution Control

JUis ~ MopenupyeMoi — 3amadd  CIIEAYyET  3adaTh  3HAYEHUE  BCEX

NOIPENIaKCAlMOHHBIX KO3 PHimeHToB paBHbiMU 0.3.
15 Mannmanm3anys Ha4aIbHbIX 3HAYCHUN TapaMeTpoB 3D-MOJIENH.
Solution — Solution Initialization
B stom MeHwo B mone Compute From HEOOXOAUMO BBHIOpaTh BXOIHYIO

IPaHuLy W 3aTeM HaXxKatb [nitialize (pucynok 106).
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FLUENT [3d, pbns, mixture, ske, transient] "I

File Mesh Define Solve Adapt Surface Display Report Parallel

Problem Setup

General

Models

Materials

Phases

Cell Zone Conditions
Boundary Conditions

BSr-d-@0|EFraq s @AMm-0O-|

' Solution Initialization
Compute from
(inlet -
Reference Frame
@) Relative to Cell Zone

" () Absolute
Mesh Interfaces !
Dynamic Mesh Initial Values
Reference Values -
_ Gauge Pressure (pascal) —
Solution ’ 0
Solution Methods
Solution Controls X Velodity (m/s)
Monitors ’ 0
Kolution Initialization
:alcu.ga:iovl'l :cﬁviﬁes ¥ Velogity (m/s)
un Calculation [-1.584876&25 =
Results
Graphics and Animations Z Velodity (m/s)
Plots ' -3.000005
Reports
Turbulent Kinetic Energy (m2/s2)
’ 0.03375
Turbulent Dissipation Rate (m2/s3)
’ 0.3976622

Pucynok 106 — MeHro nHULMAIU3aLMs HAYaJIbHBIX 3HAYEHUI NapaMeTpOB
16.CoxpaHeHue pacueTHOM MOJIEIIH.

I[J'IH COXpaHCHUA pacquHOﬁ MOZACIIM U BCCX CACIIAHHBIX HACTPOCK PCHIATCIIA

HEOOXOJUMO BBI3BATh KOMaHIY:
File = Write = Case.

17.3anyck pacuera jyist 3D-MoAenu OCYIIECTRASETCS CAEAYIOIMAM 00Pa3oM

(pucynok 107):

Solution — Run Calculation

File Mesh Define Solve Adapt Surface Display Report Parallel
. . e ¥
E-d-@e|sFaa s e nEyo-
Problem Setup Run Calculation
G |
MZ!SI-: Check Case... Preview Mesh Motion...
Materials
Phases Mumber of Iterations Reporting Interval
Cell Zone Conditions | 10000 % | 1 %
Boundary Conditions
Mesh Interfaces Profile Update Interval
Dynamic Mesh vl [=]
Reference Values =
Solution Data File Quantities... Acoustic Signals...
Solution Methods
Solution Controls
Monitors Calalate
Solution Initialization

Pucynok 107 — 3amyck pacuera
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B none Number of Iterations 3amaercsa uucio urepauuii, pasaoe 10000.
3amyck pacueTra OCYLIECTBISIETCS HakatueM KHOMkW Calculate B MEHIO 3amycka
pELICHHUS.

18. O6paboTka pe3yabTaTOB BHIYMCIICHUS.

JIaHHBIFA MPOLIECC MPOUCXOAUT AHAIOTMYHO MpoLEeccy mpocMoTpa mis 2D
mozaenu. Hanpumep, Ha pucynkax 108, 109 npencrasnen npouecc BU3yaln3anuu
BEKTOPOB CKOPOCTUM B TEMJIOOOMEHHUKE, KOTOPBIH 3amycKaeTcs C MOMOIIBIO
KOMAaH/Ibl:

Results — Graphics — Vectors
19.0npenenenre 3Ha4eHKS MOJHOM TeMIEPATyPhl KUAKOCTH Ha BBIXOJIE.
JlaHHas MAHUNYJISIUKA OCYIIECTBIISIETCS C MOMOUIBIO CACAYIOMIEH KOMAaHIbI:
Results — Reports — Surface Integrals

B none Report Type HeoOxomumo  BbiOpath  Mass-Weighted

Average(mapameTp OCPEAHEHHBIN MO Macce), BO BKiajke Field Variable BpiOpath

Temperature v Total Temperature non e (pucynok 110).

r | — P a—— | —
B FLUENT [3d, pbns, mixture, ske, transient] e il o = |
File Mesh Define Solve Adapt Surface Display Report Parallel View Help —
S-d-@o|[Eraas|/|@inm-o-
Problem S Graphics L =
‘oblem Setuy an
s e & Contour: ) £
zo?elsl Options Eonioiks of Surface of Constant | From Surface BlEL
P:a::sas I Filed [Pressure... ,] Mesh... M| ﬁ:«:ulhntenor -
Cel Zone Conditions Node Values AR 1| M [zcoordinate v | |outet
) -
Boundary Conditions ¥|Global Range { ] Lhase wall E
Mesh Interfaces ¥|Auto Range Phase : wal_rpm
Dynamic Mesh Clip to R 3ﬂ;f [mixture v] mixture ) z-coor:mai:: .
Reference Values gaw Profiles 3 Min (m) Max (m) 2-coordina |
-aw Mest e
Solution E 0 r -0.005 ]o,oss ErciZoneh EE
Solution Methods o fluid
Solution Controls Animations Levels Setup Surfaces @6 Iso-Values (m)
Monitors =X L [2 @ 1 (4] |default-interior - [000364
Solution Initialization Scene Animatior] ™! (O] {lnlet
Calculation Activities Solution Animalg ‘ou'ﬂel = < ’
wal
Run Calculation Surface Name Patt }wall_rpm - New Surface Name
Results ‘ | Match ] |z-coordinate-5 * [z-mordmate#
2 = New Surface v
Fots [setup... | f Create | LCompum | [Mmage\ [ Close | [ Hep |
Reports Point... EE | =i - — —
- Line/Rake...
(optons... ] () =
e ane... = 27y
| Lights... > X
Loodioh JE ! Quadric... B ad
== : i Iso-Surface... =
(o) (Dsplay | [¢ : | Nov
|  boClp. ANSYS FLUENT 12.1 (3, pbns, mixture, ske,

Pucynox 108 — OcHOBHbIE MEHIO BU3yallM3aLlUH Pe3yJIbTaTOB pacueTa
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7.23e+00
6.94e+00
6.65e+00
6.36e+00
6.07e+00
5.78e+00
5.50e+00
5.21e+00
4.92e+00
4.63e+00
4 34e+00
4 05e+00
3.76e+00
3.47e+00
3.18e+00
2.89e+00
2.60e+00
2.31e+00
2.03e+00
1.74e+00
1.45e+00
1.16e+00
8.69e-01

5.80e-01

2.90e-01

1.32e-03

Velocity Vectors Colored By Velocity Magnitude (m/s)

BRI IR R BRI RAR IR FRE )

Pucynok 109 — PacnipeneneHne BEKTOPOB CKOPOCTH B MEKpeOEpHOM KaHase paguaTropa

Fie Mesh Lerine Solve

Adapt >durface Lhsplay

View Help

Er-d-@e|[Graa e nm-o-

Problem Setup

General
Models
Materials

Cell Zone Conditions
Boundary Conditions
Dynamic Mesh
Reference Values
Solution
Solution Methods
Solution Controls
Monitors
Solution Initialization
Calculation Activities
Run Calculation
Results

Graphics and Animations
Plots

Reports

Reports

Fluxes
Forces
Projected Areas

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

\ Set Up... \ \ Parameters...

‘ Help ‘

E Surface Integrals

Surface Name Pattern

‘ Save Output Parameter...

‘ Match

Report Type Field Variable

|Mass—\"a’eighted Average vl |Temperature... - |

Surface Types E 5 [Total Temperature v
axis -

dlip-surf

exhaust-fan e

f: > =) (=)
=L Surfaces Ell=

default-interior

pressure_inlet, 1

‘ rad
wall
z-coordinate-5

Mass-Weighted Average (k)
‘ 355.4319

‘Comput&‘ |Wr|te...‘ | Close | ‘ Help |

Pucynok 110 — Onpenenenue 3Hau€HUs OJHOW TEMIEPATYPbl )KUJKOCTH HA BBIXOAE

B none Surfaces BHIOMpAETCs BBIXOJHOE CEUEHHE M HAKMMACTCS KHOIKA

Compute. T1oay4eHO 3HAUEHUE TEMIEPATYPbl MOTOKA HAa BBIXOAE W3 PaauMaTopa B

355K. Takum 006pa3oM NajcHUE TEMIIEPATYPbl B PAAMATOPE MOMAJAECT B UHTEPBA

A=6...12°C, npuHSATHIN 32 ONTUMATBHBIN.
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