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MPO®UTTMPOBAHUE MTPOTOYHOM YACTH HEHTPOBEKHOI'O
HACOCA HA IIVTIAT®OPME ANSYS WORKBENCH

B kypcoBoii pabore pemaercs 3amada NpoduUIMpPOBAHUE MPOTOYHOM YaCTH
IIEHTPOOESKHOTO HAacOoca ¢ UCIOJIb30BaHHEeM HHCTpyMeHTapusi ANSY'S.

B kadecTBe MCXOMHBIX JaHHBIX MpeENoAaBaTelb COOOIIAET CTYAECHTaM 3HAUCHUS
IoJa4M M Harnopa NpOoeKTUpyemoro Hacoca. B mporpammHoM komiuiekce ANSY'S
OCyIIECTBIsIETCS MPOoHUIMpPOBaHNE pabOYero Kojeca U 0TBOJIa Hacoca, a TakKe pac-
CUMTHIBAIOTCS 3HAYECHUS] OCHOBHBIX KPUTEPHEB (YHKIIMOHUPOBAHUS, HAIpPUMED,
Hanopa, noxauu u ruapasianueckoro KIII nacoca.

Meroanka momaroBoro MpoeKTUPOBaHUS IEHTPOOESKHOTO Hacoca B cpene AN-
SYS CFX mpencraBiiena Ha puMepe CO3/IaHus IIEHTPOOSKHOTO HAacoca JyIsl TToAaun
pabouero Tena pacxonoM 3750 M/uac ¢ HaropoM 249 METPOB M YACTOTON BpAILICHHS
IPUBOHOTO JABUTATENS, paBHOU 2915 06/MuH.

1. OtkpsiBaeM Ilyck ->Workbench.

2. Coxpansiem nipoekT uepe3 File ->SaveAs. He gomyckaercs, 4ToObI B ITy-
TH K (ailily IprUCyTCTBOBAIN CUMBOJIBI KUPUJLTUIIHL.

3. JloGaBmsieM B CO3JaHHBIN MIPOEKT SJIEMEHT VistaCPD

(CentrifugalPumpsDesign — MoayJb 1Ji IPEABAPUTEIHLHOTO pacueTa IEHTPOOEIKHBIX
HacocoB) u3 MeHI0 ComponentSystems, mepeTamus ero B padouee moJe.

c o
Bossion | Cetefline

T

4. OtkpeiBaeM BladeDesign — 3mech OyAyT 3amucaHbl U COXPAHEHbI BCe
HaIlli UCXOHbBIC TaHHBIE.
5. B mynkre Operatingconditions BBOJUM CIEAYIOIIME TMOKa3aTeNn: CKO-

pocTh BpamieHus: poropa (2915 06/MuH), HEOOXOIUMBIM 00BEMHBIM PACXOJl JKHJIKO-
ctu (3750 M’/4ac), BeicoTa moabema (249 m).



= 42 PCA Engineers Ltd Vista Centrifugal Pump Design 145 =S
Impeller - I Caloulate ] l Close. Sketches | Efficiency Chart
]
Opersling conditions | Geametry | Resuks
I
Units
@s > Imperial
Duty
) Rotstional speed 2915 o | |
Volume flow rate 3750 e
Density 1000 7 kgim?
J Hezd rise 249 m |
Inlet flow angle 90 deg |
Merid velocity ratio 1,1
Efficencies
Automatic -
Hydrautic 0,874
Volumetric (0,57
Mechanical (0,948
Pump 0.804 |

6. Ha BknankeGeometry ycTraHaBiauMBaeM 3HaueHHsl yriaoB Ha Bxozae (16
rpaaycoB) U Ha BbIxogne (22,5 rpamyca). B nanpHeimem OyaeM W3MEHATh 3TU OTpa-
HUYEHUA I MMOUCKA HauBbIciiero ruapasiandeckoro KII/I. Takxe u3smMeHseM Kou-
YECTBO JIONATOK — UX OyzeT 7.

¥ A2: PCA Engineers Ltd Vista Centrifugal Pump Design 145 - — | S

Operaiing condiions | S8ometry | Resuts

Hub diameter Tip cameter
Automatic {using stabiltyfactor) -+

Shaft min diam factor 1.1 Head cocficient |[T#5

Dhub/Dshaft 15

\ Tipdiameter (220 | mm
1
1
| Hub and Mesrine
Bladesngle 225 G
Cotangert = =
Rakesrgle 0 4
Hub blade angle 27 deg ? =
Wean blade angle 19 deg
Shroud
User defined
Incidence [0 deg
Stroud bladeangle 16 deg

7. Haxxumaem kHonky Calculate.



¥ A2: PCA Engineers Ltd Vista Centrifugal Pump Design 145 - = X
mpeler - Close Sketches | Eficiency Chat
Opersting conditions | Geomety | Resuits
Hub diameter Tip diameter
b Automatic {using stability facter) v
Shaft min diam factor 1.1 Head fcient (046
Dhub / Dshaft 1.5
Tip diameter | 280 mm
Leading edge blade angles Trailing edge blads angles
Hub and Meaniine
Blad le 225 d
Cotangent sdesnge =
Hub blace angle |27 deg Fakearge |0 o=
Mean blade angle |19 deg Miscellz
Shroud
User defined ~
deg
Incidence |0 deg
Shroud blade angle 16 deg
.
8. Monenbs pabodero koseca chopmupoBana. [Ipexae uem nepeTn K cie-

AYIOILEMY IIary, BBIYUCIUM PaJNyC COCTMHEHUS 30HbI paboyero Kojeca ¢ 30HOU pa-
Ood4eit ynutku. [[i1s1 3TOr0 BhIUTEM U3 3HAUEHUS 0a30BOTO paJNyca YIUTKU MOJOBUHY
3HAaYEHUS 3a30pa BOAOpe3a. DTa BEIWYMHA MIPUTOJUTCS HAM MPHU TOCTPOSHUHU CETKH
1u1s pabouero koseca. 3akpriBaeM Blade Design.

Vista Centrifugal Pump Design 145 o

Close

Sketches | Eficiency Chart

9. dopMupyeM TEeOMETPUIO KoJieca C MmoMolibio KommoHeHTa BladeGen.
OtoT MOoaynb ompenenseT 3D-reoMeTpui0 KOMIIOHEHTOB BpAIIAIOIIUXCS MAIWH,
OTpeeNsieT TPACKTOPUIO TEUCHUs, HAIIPaBJICHUS/TIepeMeNIeHUsT pedpa, KOPPEKTUPY-
€T JIONACTH, CO3/1a€T OTYET, COACPKUT IIa0JOHBI U (alIbl TaHHBIX.



- A

1
2 | ! Blade Design I

Wista CPD @ Edit...
Import BladeGen File...
53 Duplicate
| Create New 3 BIadeGefn\ |
F  Update Througlﬁow
Resat Geometry
EE Rename Volute
Properties
Add Mote
10. OtkpeiBaeM BladeGen. IIpu He0OX0AUMOCTH MBI MOKEM OTPEIAKTHPO-
BaTh MOJICJIb HAIlIETO pabouero Kojeca.
v A v B
.. VistaCPD il £/ BladeGen
2 ! Blade Design v/ 2 ﬁ Blade Design ﬁ d
Vista CPD Blade

(9952433343385) — -~~~ T T T ST T T ST T T TTTIT T T T T



—0- 5344 (0:0)

(-0.9352,0.5605)

Theta (Blade Location)
100

0.0
-10.0
=200
=300
400
-50.0
£0.0
-70.0

-80.0

900
(28.91741,158.8650)




1. DopMUPYEM IF'€OMETPHUIO YIIUTKU. DTO 3aUMET Mapy MUHYT.



- A b B

. 8l £ BladeGen
2 ! Blade Design ‘: - ER T . on Vv

€ Edit.
Vista CPD

Import BladeGen File...

23 Duplicate

| Create Mew 3 BladeGen

#  Update Throughflow

Reset Geometry

QE Rename Volute -
Properties b
Add Mote

12. OtkpeiBaeM DesignModeler - coBpeMeHHBIN, YA0OHBIN HHCTPYMEHT JISI

MIOATOTOBKM F€OMETPUU U €€ Mepefadyd B pacueTHble HHCTpyMeHThl ANSYS. B Mmo-
IyJie IPUCYTCTBYIOT CBS3U cO BceMU OCHOBHBIMU CAD-cucremamu, KOTOpbie obec-
MEYMBAIOT MIPOCTYIO Mepejauy reOMETpUM U napameTpoB. B nanbHeieM MOXHO U3-
MEHUTbH MapaMeTpbl U OOHOBUTH MOJEIb, MIPU 3TOM BCE M3MEHEHHUS U YIPOIICHUS
FCOMETPUHU COXPAHSIOTCSI. DTO CHOCOOCTBYET OBICTPOMY BKJIIOUCHHIO JIFOOBIX H3ME-
HEHMI 1 OOHOBJICHHI MOJIENIU B MPOILIECC pa3pabOTKU U3IEIIHS.

1

4 [}Fﬁ Parameters
Model

| [pd Parameter Set

JIist HarNAIHOCTH yOeIuMCsl, YTO Hallla TpEXMEepHasi MOJENb YJIUTKH CIIPOCKTH-
pOBaHa BEpPHO, CpPaBHUB €€ C OJHOMEPHOW MOJEINBIO, IOCTPOEHHOM paHee B

VistaCPD.



13. dopMHUpyeEM CETKY AJIs KOJIeca.

- A - 5
f f
2 r— 2 [fd mice pesn
¥ e pesin El Create New Blade CFD Mesh

a4 ean.
43 Ouicate

Flid Fow (Fuent)

I

PO PECINNEEEECCECARRORORRREEED

e
o

g

Tree
Events
ents
ents

Understanding Hardare Selecton for Structural Mechanics

ANSYS TurboGrid - 3T0 crieunanu3upoBaHHBIN CETOYHBIA T€HEPaTOp, MPeIHa-
3HAQYEHHBIN 1711 pabOThI C TEOMETPUEH JomaToOK TypOoMamiuH. J[aHHBI MOAYJb T103-
BOJISIET CO3/1aBaTh BBICOKOKAUYECTBEHHbBIE T'€KCAdAPUUYECKUE CETKH, HACTPOCHHbIE Ha
peleHrue 3aad JAMHAMUKHU SKHJIKOCTEH M ra3oB BO Bpallaloluxcs MaildHax. B

10



ANSYS TurboGrid umnoptupyeTcsi onrcaHue reoOMEeTpuu U3 IporpaMMHOro obec-
neYeHus Jisg  pa3paboTku Jiomatok TypOomammH, Hampumep, u3 ANSYS
BladeModeler. ANSYS TurboGrid MoxeT aBTOMaTH4eCKH MOCTPOUTH TOMOJOTHIO 1
co3math cetky (NewAutomaticTopology&Meshing (ATM) Method). ANSYS
TurboGrid no3Bossier 6BICTPO cO371aBaTh 00OBEMHBIE CETKH, IepecTpauBaTh CETKY Ha
2D cnosix, mepeonpeAcasiaTh TOMOJOTHIO, & TaKXKe OMPESISITh CJIOU, KOHTPOJIbHBIC
TOYKH, pa3OreHue Ha pedpe U T.]I.

14. Cozpaém pacuétel CFX.

- A A B - 5

2 ! Blade Design " 2 % Blade Design " =82 @ Turbo Mesh G,-j Edit.
Vista CPD Blade TurboGrid Q,‘j Edit with Topology Suspended...
53 Duplicate
| Transfer Data To New (2] SN
#  Update E Fluent
Clear Generated Data B Fiuid Fiow (CFX)
2 0 Geometry 4 Refresh
g @ Mesh v 4 Reset
4 PP_J Parameters EE —

Model

Properties

Quick Help
Add Note

[P Parameter Set

ANSYS CFX - momiHast ¥ Ha/ie)KHasi TEXHOJIOTHSI PAaCU€TOB B 00JACTH BBIUKC-
nutenbHOr ruaporazoauHaMuku. ANSYS CFX coBMmemnaer B cebe mepeioByr0 TeX-
HOJIOTHIO pelaTessi ¢ COBPEMEHHBIM MOJIb30BATEILCKUM UHTEPPEHCOM U aaamnTHB-
HOM apXUTEKTYpOM, 4TO JeJIaeT dTOT MHCTPYMEHT JIOCTYIHBIM KaK JJid pa3padboTyu-
KOB, BJIQJICIOIINX OOIIUMH WHKEHEPHBIMHU 3HAHUSIMHU, TaK U JIJIs1 CIICIUAJIMCTOB B 00-
JACTU TUAPOAVMHAMUKH, pabOTAIOUIMMHU C MOJIENIbIO U €€ CBOMCTBAMU Ha IIyOOKOM
ypoBHe. CFX mo3BoiyieT neTanbHO M3Y4YHTh OOOPYJOBAaHUE M MPOLECCHl U3HYTPH,
MOBBICUTH 3(PHEKTUBHOCTH, YBEIIMUUTH CPOK CITYXKOBI M ONITUMU3ZUPOBATH IIPOLIECCHI.

15. CoenunsieM cetky s ynutku ¢ CFX.
- A - B - c - D
1 1 ; XD
> B® Elode Design 2 &4 Blade Design ~ ————® 2 | &) TurboMesh & ,—————a 2
Vista CPD Blade TurboGrid 3 |G Soutidfd T

4 @ Results T 4
CFX

2 ) Geometry 7 4

4 |[pd Parameters

Model

[pd Parameter Set

11



16.
menTta TurboMesh.

17.

2| B psteDesin v/

v C v D
1 1
2 {4 Bladeeson v/ ,——2| &) TuboMesh ié 2
Edt..

Vista CPD Blade TurboGrid

@ Edtwith Topology Suspended.

53 Duplcate

Transfer Data To New »
7 Update

Clear Generated Data
& Refiesh

Reset

I Rename

Properties |\

W ceomety
G 7,
(53 Parameters

Vodel Quckbep
Add Note

X e =]

(53 Parameter et

OtkpsiBaem TurboGrid.

CHuMaeM ranouky HampoTuB cBoicTBa (Properties) OutletDomain ame-

15

4
5

6

7

T
R = Meshing

10 It Domain

1 Outet Domain

2 Minimum Face Ange

3 Maxinum Face Angle

Pl = tesh Output Options

Region ame Prefi

TurboGrid

iy

/
7
i

R,

o
i

h

i
et
st
'a;,"

12



18. B nosiBuBmemMcs MeHto BeiOMpaeM myHKT Outlet. B sueiiku ctonbua R
3aHOCUM 3HaueHue mnapamerpa d (BO3MOXKHO, B METpax), BRIUUCICHHOTO Ha § 1are.

Objects |
' j Geometry
Bl Machine Data
"8 Hub
"8 Shroud
4 " Blade Set
B T Blade 1
E Hub Tip
"B shroud Tip
Uil Low Periodic
U] High Periodic
£5 tnlet

¢ Outline

b ¥R Topology Sef (Suspended)

[ .& Mesh Datz (Parent suspended)

] ' Layers
£F Hub (Parent suspended)
& Shroud (Parent suspended)

@ 30 Mesh (Parent suspended))

i [#] Mesh Analysis

I User Defined

Details of Qutlet
Outlet
Control Angle EH— =
Override default angle
Hub Angle | 50,0801 [deg] |
Shroud Angle | 50,3756 [deg] |
Curve =
List of Points A R
Low Hub Point 0 0.2633 E
Low Shroud Point  0.0757859 0.292274 Ll
P
L
Method |From Aand R -
| ncation 0.0757859 0.2633 i
| soply || interface .. Reset

13



19. N3mensieM HEKOTOpBIE MapamMeTpsl ceTKU U 3akpeiBaeM TurboGrid.

Objects
4 j Geometry
[7] %} Machine Data
“H Hub
"B shroud
a Blade Set
> 5§ Blade 1
E Hub Tip
“F shroud Tip
[7] %) Low Periodic
[7] %) High Periodic
[l et
] £7 outlet
£ outline
> 1%} Topology Set (Suspended))

4 [} Mesh Data (Parent suspended) |

% Blade 1 (Parent suspended)

@ Dresh
> E Mesh Analysis

> User Defined %

Details of Mesh Data

Mesh Size | Passage I Hub Tip I Shroud Tip | InIethuﬁet|

[7] Lock mesh size Ll

Method ITarget Passage Mesh Size I - ]

Node Count | Coarse (20000) ~

Boundary Layer Refinement Contral =

Method [Pmpcrhonal to Mesh Size = ]

Parameters

m

=
Factor Base 0.0 O
Factor Ratio 2.0 O
Cutoff Edge To Boundary Layer =]

Factor 0.5 0

Near Wall Element Size Specification =]

Method [Absclute - ]

.

20. Heo0xonnmo 00HOBUTH MPOEKT. ITO 3aUMET mapy MUHYT.

i Refresh Project | - Update rg:jecl: ## Update All Design Points

21. [Tocne ycnemHoro oOHOBIEHUS MPOEKTa HAa AKPAHE JOJDKHO MOSBUTHCS
ciaenywimiee cooOmieHrue 00 omulKe: HaM COOOIIAIT, YTO dJEeMEHT Setup
komroneHTa CFX ne Ob11 06HOBIIEH. Haxkumaem OK 1 mepexoiuM K ClenyronemMy
mary.

I\ ANSYS Workbench =

__ Update failed for the Setup component in

,'/8" CFX. There is no previously saved CFX

Setup to refresh or update. Please edit

k. 4
this cell first, show Details =

14



22. OtkpsiBaem npenpoieccop CFX uepes SetupCFX.

Ousunueckuil npenpoieccop ANSYS CFX - 370 coBpeMEHHbI, UHTYUTUBHO
MOHATHBIA MHTEpPENUC IS MOATOTOBKH K MOJEIMPOBAHUIO JUHAMMKU >KHIKOCTEH
WJIM Ta30B. B onojiHeHne K OCHOBHOMY PEXHUMY padOThl BCTPOSHHBIM MacTep MoMo-
raeT MoJib30BaTEeI0 MPOUTH MPOIECC MOATOTOBKH OOILIUX PACUETOB TEUCHUS KUKO-
CTEW WJIM Ta30B.

MotHblid S3bIK MPOTpaMMHUpOBaHUS (expressionlanguage) maeT BO3MOKHOCTH
3aJ1aTh OTMMCAaHUE TMPOOJIEMBI B YUCIOBOM BHUJE, KaK B CIy4ae CO CJIOXHBIMU TpaHUY-
HBIMU YCIIOBUSIMHM, aBTOPCKMMHM MOJEISIMA MAaTE€pUAJOB WA JOMOJHUTEIbHBIMU
ypaBHeHUsIMH TiepeHoca. AnantuBHas apxutektypa CFX-Pre Takke mno3Bossier
MOJIB30BATENI0 CO3/1aBaTh COOCTBEHHBIE MaHEIH TPaUUecKOro MOoJIb30BaTEIHCKOTO
uHTepderica, 9To0bl CTAaHIAPTU3UPOBATH BBOJ JIJIsl BRIOPAHHBIX MPUIIOKEHUH.

15



23.  Bwibupaem typOopexum (Tools ->TurboMode)

File Edit Session Insert

HE % @ 9

Help

Command Editor Wil A O SeaEl, G e

Outine &  Expand Profil Data
4 83 Mesh G itisiize Profile Data
> &3 TS.gtm M Macro Calaulator
> & SYS.cmdb Solve )

@ Connectivity
4 |88 Simulation
4 [gh| Flow Analysis 1 | . Quick Setup Mode...
@ Analysis Type | 4 Turbo Made, .
¥ Interfaces
4 - Solver
&% Solution Units
T, Solver Control
FE@ Qutput Control
;!e, Coordinate Frames
> [&] Materials
@ Reactions
4 [X| Expressions, Functions and Variables
Additional Variables
Expressions
User Functions
User Routines
4 [g@| Simulation Control
@ Configurations
> Case Options

Applications »

24. [TpoBepsiem napaMeTpsl U )kMEM Next.

Basic Settings
Machine Type [Pump =
Axes
Coordinate Frame [Coord 0 - ]
Rotation Axis [z -]
Axis Visibility
Analysis Type by
Type [steady state =)

16



25. YcranaBnuBaem mapameTpbl 30H. CHadana mo6aBisieM poTop (IeMEHT
Passage) 1 BBOAMM UCXOJIHYIO YacTOTYy BpalieHus Bajia (291506/mMuH).

Component Definition

\fﬁ-" Add Compr(gnent. .

%EW Component ? %

Mame R1

Type [F‘.oEﬁng - ]

o ) [ cone ]

Component Definition

4 Components
R

Component Type
Type [Rotatlng - ]

Value 2915 [rev min~-1]
Mesh

File sers\Admin\AppDataiLocalTempWE_SERGEL_5456_2\unsaved_project_files\dp0iTS\TSTS. gtm
=)

Available Volumes

Passages and Alignment
Region Information I}

Yolumes Passage - E]
[ wall Configuration

Cancel H OEada ][ eNext ] Finish

17



A Tteneps ctatop (3:eMeHT B75) u sxmém Next:

i ™Y
MNew Companent M

MName 51

26.

-

Type [Smﬁonary

o [ e |

Component Definition

4 Components
FHoR1
T st

Component Type
Stationary - ]

Type

Mesh
File Imin\AppData\Local TempWE_SERGEI_5456_2\wunsaved_project_files\dp0'\sYSYMECH\SYS. condb
Available Volumes
-

Volumes B75

HHE]E'

Passages and Alignment

Region Information

Cancel H °Bad< H eNext ] Finish

18



217. B kadectBe cpespl BBICTYIIAET BOJA, OTHOCUTEIIBHOE JaBiieHue — 1 ar-
Mocdepa. MaccoBblil pacxoj (KI/c) ycTaHABIMBAEM 4Yepe3 MAIIMHY U BBIUYUCISIEM TIO
dbopmyiie

\%
M=—
3.6
3 o .
rae V — BenmmunHa nogaun (3750 M”/4ac), 3HaUeHHE KOTOPOi OepéTcs u3 yCcIoBUs 3a-
naun. JlaBnenue Ha Beixozae — 0 armocdep.

Physics Definition

Fluid I Water ' v] D

Model Data
Reference Pressure I 1 [atm] I
Heat Transfer [None - ]
Turbulence [k—EpsiIon - ]

Inflow/Outflow Boundary Templates

() None
(©) P-Total Inlet P-Static Qutlet

(@) Mass Flow Inlet P-Static Outlet

nfiow
Mass Flow Per Machine l - ]
|

Mass Flow Rate 104166667 [kg s-1] I
Flow Direction MNormal to Boundary = ]

Outflow

P-Static 0 [atm]
Interface
Default Type [Stage -

[] Solver Parameters

Cancel ” °Bad< ” ONSL] Finish

19



28. [Iposepsiem chopmupoBanHbie HHTEpGENCH U KkMEM Next.

Interface Definition

4 Interfaces

{8 r1toR1Periodic 2

i sitor1

R1to R1Periodic 1

Side 1 IMBlock PER1
Side 2 IMBlock PER2
Type Periodic

Cancel || @pack || ©next ||

Finish

20




Interface Definition

4 Interfaces
£ R1toR1Periodic 1

W——

SltoR1

R1 to R1 Periodic 2
Side 1 Passage PER1 - B
Side 2 Passage PER2 - E
Type Periodic -|

Cancel || @sack || ©next || Fnish

21



Interface Definition

4 Interfaces
8 R1toR1Periodic 1
8 R1toR1Periodic 2 [y
U 51toR1

SitoR1
Side 1 Inlet 2 - g
Side 2 Passage OUTFLOW - E
Type Stage -

Cancel || @Back || ©mext || Fnsh

22



29. [IpoBepsiem Bce rpaHUYHBIE YCIIOBHS pACUETHOU 30HBI U )KMEM Next.

Boundary Definition

4 Boundaries
¥ r1iHub

D% RiInlet
7€ rishroud
J€ s1outlet

R1Blade

Boundary Type [Wall - ]

Location BLADE - []

Wall Influence On Flow

Option [No Slip wall - ]

cancel || @gack || ©net | Finish
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Boundary Definition

4 Boundaries
J¥ riBlade

Jt Rinlet g

7% R1shroud
P€ s10utlet

R1Hub
Boundary Type [Wal.l - l
Location INBlock HUB, Passage HUB - D
Wall Influence Cn Flow
Option [N—a Slip wall = l
Cancel || @Back || ©next || s
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Boundary Definition

4 Boundaries
¥ RiBlade
it rRiHub
¥ R1Shroud
I¥ sioutet

R1Inlet
Boundary Type Inlet - ]
Location INBlock INFLOW - E]
Flow Spedification
Option Mass Flow Rate - ]
Mass Flow Rate =M/ 7 - Ha oaHy nonaTky
Flow Direction Mormal to Boundary - ]
Cancel || @sack || ©next || Finisn
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Boundary Definition

4 Boundaries
I« R1iBlade
It R1HWb
Pt Rinket

R1 Shroud

It s10utet

R1 Shroud
Boundary Type lWaﬂ . - ]
1
Location INBlock SHROUD, Passade SHROUD - [E

Wall Influence On Flow

Option lNc Slip Wl - ]

Cancel H (D Back “ € Mext ” Finish
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Boundary Definition

4 Boundaries
Pt riBlade
Pt riHub
Jt ritnlet
P€ rR1shroud

51 Qutlet

51 Outlet

Boundary Type [Dutlet - l

Location Cutlet - Q

Flow Spedfication

Option [Auerage Static Pressure - l

Relative Pressure 0 [atm]

Cancel H @ Back ” et,sut ] Finish

30. WU, naxownern, Finish. Eciu BeickakuBaeT npeaymnpexaenue — xmém OK
W IBUTAEMCS JaJIbIIIE.
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31.

Bribupaem nyHkT SolverControl 1 oTkpbIBaeM ero.
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Outline

4 [—il Mesh
i g TS.gtm
i |d#] 5¥S.cmdb
% Connectivity
4 |g] Simulation
4 | Flow Analysis 1
(@ Analysis Type
4 £ R1
J¥ rR1iBlade
It R1HUb
PE rimlet
i: R1 Shroud
€ R1toR1Periodic 15ide 1
£ R1toR1Periodic 15ide 2
J£ R1toR1Periodic 2 Side 1
I¥ R1to R1Periodic 2 Side 2
ftsitoRr1sde?
4 & 51
i: 51 Default
Pt sioutket
P sitor1sde 1
4 i.',ﬂ Interfaces
ii8 R1to R1Perindic 1
8 R1to R1Periodic 2
i sttoR1
4 Solver
&% solution Units
Output Control s
;g:. Coordinate Frames
i [&] Materials
@ Reactions
4 @ Expressions, Functions and Variables
[%] Additional Variables
Expressions
User Functions
User Routines
4 |§| Simulation Control
@ Configurations
B Case Options

32. VYBennunBaeM koiaumyectBo urepaunii 10 1000 u Haxxumaem OK.
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Outline Solver Contral B

Details of Solver Controlin Flow Analysis 1

Basic Settings | Equation Class Settings | Advanced Options

Advection Scheme
COption [High Resolution - ]
Turbulence Mumerics B
Option lFirst Crder - ]
Convergence Control
Min. Iterations 1
Max, Iterations 1000
Fluid Timescale Control =
Timescale Contral [-Auto Timescale - ]
Length Scale Option [Conservah‘ve - ]
Timescale Factor 1.0

[ Mandmum Timescale

Convergence Criteria

Residual Type RMS

Residual Target 1.E+4

[7] Conservation Target

[ Elapsed Wall Clock Time Control
[] Interrupt Control

oy J [ [ ]

33. 3akpeiBaem mpenporieccop CFX u orkpeiBaem SolveCFX - mepemnoBoii
anreOpanvyecKkuii MHOIOCETOUHBIM CONMPSKEHHBIN pellaTeib, UCIOIb3YIOIUN TEXHO-
noruto CoupledAlgebraicMultigrid, sBhstonIytocs KIFO4OM K TIOJYYEHHIO TOYHBIX
pE3yNbTaTOB B KOPOTKHE CPOKHU. [lapameTpsl pemaresns, rpaHiYHbIE YCIOBUS MOTYT
OBITH CKOPPEKTUPOBAHBI BO BPEMs BBIIIOJHEHUS pacuera, IpU 3TOM HET HEOOXOIu-
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MOCTU ocTaHaBiuBaTh pemiarenb. Pemarens ANSYS CFX ucnons3yer cxemy auc-
KpeTU3allii BTOPOTO MOpsiiKa MO YMOJYaHHIO, O0OecreyrBasi MOJy4eHUE MAaKCH-
MaJIbHO TOYHBIX PE€3yJbTaToB. VICIOIB30BaHME TEXHOJOTHHU COIPSIKEHHBIX pellaTe-
et ANSYS CFX paer 3HauuTeNlbHBIC MPEUMYIECTBA IPH MPOBEACHUU JIIOOOTO
pacyeTa, HEBAXKHO, JJIS BpAlAONIMXCS MAalllMH, MHOTrO()a3HbIX MOTOKOB, TOPEHUS
WU U1 1000M Apyroil pu3nUecKol MOJCNIH U MO3BOJIAET MOJYyUYUTh YCTOWYUBBIC U
MaciTadupyeMble perieHus s 3a/1a4 JUHAMUKH KUJIKOCTEH U Ta30B.

- A - B - & - o}
2 ! Blade Design  +" 2 ﬁﬂ Blade Design + ,————® 2 €5 TurboMesh + 2 @ Setup v 4
Vista CPD Blade TurboGrid 3
4@ R s
esults E 4
CFX
2 ) Geometry '
3 @ Mesh v 4
4 [)p_J Parameters
Model
53 Parameter Set
34. Bribupaem cnoco6 Berumcienus pemeHusi. Pematens ANSYS CFX

pa3pabaTbeiBayiCs [IJIs1 TIOMyYEHUS MaKCUMalTbHOW 3(P(PEKTUBHOCTH MPHU BHITIOTHEHUH
napajieldbHbIX PacdyeToB. DTOT aTpuOyT cTaj eiie 0osee HEOOXOIUMBIM, KOra Io-
JYYWIH PaclpoCTpaHEHWE MHOTOSEPHBIE MPOIecCOphl U Kiactepbl. Obnagas Mac-
MTa0UPYEeMOCThIO B 3aBUCHMOCTH OT MPOM3BOAMTEIBLHOCTH Mpoleccopa U oObema
namsati, ANSYS CFX no3BojisieT MOBBICUTH MHPOU3BOAUTEIBLHOCTH aIMMapaTHOTO
obecnieuenus. B pemarene ANSYS CFX Bce 6e3 nckimoueHusi pu3nyeckue MOJEIH
paboTarT MapauienbHo.
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Solver Input File oject_files\dp0\CFX\CPX\CFX.def | | 2 Solver Input File [aject_files\dpO'\CFX\CFX\CFX.def | | =
Global Run Settings Global Run Settings
Run Definition | Partitioner | Solver | Interpolator | Run Definiion | Partitioner | Salver | Interpolator |
Initialization Option ’Current Solution Data (if possible ] Initial Partition File
[ Initial values Spedification
Run Priority lsmndard - ]
Type of Run Full - Executable Settings
[7] Double Predision [] override Default Predsion
Fov ElEmmr Cl [] Use Large Problem Partitioner
Run Mode Serial - ] Partitioning Detail
Partition T MeTiS
Platform MPI Local Parallel AT S ’ s ]
sergei Platform MPI Distributed Pifallel Partition Weighting ’ Automatic - ]
METIS Type ’k—way - ]
Multidomain Option ICouﬁEd Partiﬁoniﬁ vl
Multipass Partitioning ’None - ]
Partitioner Memory

Show Advanced Controls Memory Alloc Factor 10

7] Detailed Memory Overrides

Start Run I ’Sa\re Settings Cancel

I Start Run I Save Settings

35. [Toctpoenue pemenust 3aiMET oT 30 MuHyT 110 1,5 yacos. Eciu konuye-
CTBa WTEpaIuii HE XBATUT JJII HAXOXKICHHS TOYHOTO DPEIICHUS, HEOOXOIUMO BEp-
HyTbCs K mary 30.

Vorkspace [Run CPX 004 -]
Momentum and Mass | Turbulence (KE) | £ | outfie
108400 —|
| CBU Requizemsnts of Numerical Solueisn - Tetal
Subsysten Name Discretization Linear Solusien
(sses. troral) (sses. teoral)
Momentum and Mass s.108t00 24.0 % st
TusbEZ end Diss.¥ 2 ('R s
B R T M -
Subsystem Sumary 107201 31.8 % 3.45T400 10.3 %
Variable Updates 1.oamt00 3.0 %
GGI Interssctisa 1m0z 00w
File Reading 1.seEe00 4.7 %
File Writing s.azE00 1001 %
Miscelleneous loasEeol 400 %
1.0e-02 Total 5 38m401

1 Job Information at End of Run

Host compuver: SSRGET (P1D:3980)

E] Bar. Brocess: Maste: runming on mesh partition: .
2 Job finished:  Sun Dec 01 01:55:42 2013
g et Totel CBU time: 1.684E+01 seconds
] or: t )
B
[ )
Host computer:
Par. Process: mesh partition: 2
Job £inished: 2 zo13
10004 - Totel CPU cime: 1.
or: t a: 0: 0: 16531 )
[ Days: Houzs: Minutes: Seconds )
Totel wall clock bime: 1.62¢E+01 seconds
ez: 1 : : 0 16238 )
i Days: Hours: Minutes: Seeonds )
1.08-05
--> Final synchremization point reached by all partitions.
=nd of solution stage.
| The results frem this run of the ANSYS CFX Selver have been |
| written te l
| C:/Users/Admin/Desktop,/TN/Test16225(463)_pending_tasks/dp0_CFX_So- |
1.0e-06 - | lution/CFX_004.zes |
T T T T
0 100 200 300 400
Accumuiated Time Step
‘ p—— P— P— s o ‘ This zun of the ANSYS CFX Solver hes finished.

36. Pemenue naiineno. 3akpeiBaeM CFX-SolveManager.
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#:3 Solver Run Finished Normally @

CF¥_004 has completed normally.
% Run concuded at: Bc 1. aex 01:55:43 2013
! Results are in

C: fUsers/Admin/Desktop/TMN/Test16225(469) _files/dp0/CFX [CFX//CFX_004.res

Open this workspace now

37. OtkpsiBaeM CFXResults. [Toctnponieccur pe3yiabTatoB rpaduieckoro
1 KOJIMYECTBEHHOro aHann3a, noidydeHHbX B ANSYS CFX, Beimonusercs B ANSYS
CFD-Post. Bo3MOXHOCTh HalucaHWs CLEHApUEB, MOJHAs aBTOMATU3UPOBAHHOCT,
reHepaiusi OTUYETOB JAI0T MOJIb30BATENI0 MAaKCUMAIbHOE KOJIMUYECTBO MH(pOpMAIUH,
IIOJIyYEHHOW B pe3ynbTaTe pacueroB. HawmBeicmias npous3BoauTenbHOCTh ANSYS
CFX ocHOBaHa He Ha KaKOW-TO OJHOW OTIIMYUTENBHON uepTe. DTO HaOOp UCIbITaH-
HBIX MEPEOBBIX TEXHOJOTHM, MPUMEHSIEMBIX BO BCEX COCTABJISIOLIUX TPOrPAMMHOTO

obecrnieyeHus, YTO Ja€T TOYHOCTh, HAJEKHOCTh, OBICTPOJEHCTBUE U THOKOCTH BHI-
MOJHEHHMS TTIOCTABJICHHBIX 3a/1a4.

- A - B - C

- D
2 ! Blade Design  +" 2 ﬁﬁ Blade Design " ,——8 2 Q-:j Turbo Mesh  +" 4 2 @ Setup v 4
Vista CPD Blade TurboGrid 3 Solution "
(@]
CFX
2 6 Geometry v,
3 @ Mesh v .
4 | 152 Parameters
Model
(pd Parameter Set
38. Hanném runpasamueckuit KIIJI cMonenupoBanHoro Hacoca. g atoro

otkpoeMm Calculators ->MacroCalculator ->LiquidPumpPerformance, rae ycranasiu-
BaeM BXO/I, BBIXOJI M yII0oBYI0 ckopocTh. JKmém Calculate.
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Outline Variables

Calculators

| E Macro Calculator
B::| Mesh Calaulator
ﬂ Function Calculator

Macro Calculator

o [[mmmremee J

Inlet

R1Inlet
Outiet 510utlet -] [E

Rotor Blade(s) R1Blade ,] E
Machine Axis z - ]
Rot.Speed =2915°273.14 /60

Mum, Blade Rows 1 a

Ref. Pressure 100000 [Pa]

Ref Radius 0,05 [m]

Ref Height 0,05 [m]

Ref. Density 1000 [kafm~3]

Gravity Accel. 9.81 [mfs~2]

Calrulate View Report

39. HaxxumaeMm craBinyro 1ocTynmHOM KHONIKY ViewReport u B MOsSIBUBILIEM-
cs okHe uimem EfficiencyFromPower: 3HaueHue siueiiky, COOTBETCTBYIOINICH AaHHOM
CTpOKE, U OYJeT SIBISATHCS HAIUM OTBETOM, T.e. ruapaBiandeckum KIII cipoexktrpo-
BaHHOI'O Hacoca.
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Outline I Variables I Expressions | Caleulators | Turbo |
M:E Macro Calculator

| Mesh Calculator

Function Calculator

i -
&) Macro Report u

Mass Averages -
|Quar11:it5-I |Ir'||et |Duﬂet |Ratio (OutfIn)
|pressure |-2 51906 +006 kg m~-1 5-2] | 100327 kg m~-1 5-2]|-0.03982706 16666 215

|T013I Pressure |—2.36111e +006 kg m~-157-2 |2n7059 kgm~-157-2 |—0.08?6959211801504

Results
Torgue {one blade row) -1319.09 kg m~2 5*-2
I Torgue (all blades) -1319.09 kgm~2 g2
| |Power (all blades) -402664 kg m~2 53 l
Stagnation Pressure (Q_ref) 116478 kg m~-15"-2
|pischarge Coefficient (PHI_d) |0.620638
| Static Pressure’ Coeffident 22,4382 B
1 Total Pressure’ Coeffident 22,0485
|| |Performance Coeffident |14. 1309

| Euler Static Enthalpy Loss {delta HS) |1703.39 m*~2 52

Euler Total Enthalpy Loss (delta HT) || 1645.94m"~2 52

| Static Enthalpy Loss (delta H55) 2619.38 m"2 "2
| ||Total Enthalpy Loss (delta HTS) 2508.17 m"2s5"-2 g
\ Static Isentropic Efficency 1.53775
Total Isentropic Effidency 1.5603
I Global Isentrapic Efficdency 1.59142

E]"'ﬁ::ienq-I From Power 0.949097 |

l Calculate I View ﬁﬂt

40.  T'mapasmuueckuit KITJI = 94,9097%
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MPO®UJINPOBAHUE MPOTOYHOM YACTH
HEHTPOBEKHOI'O HACOCA HA IIVIAT®OPME ANSYS WORKBENCH

METOANYECKHUE YKA3AHUA

K BBITIOJTHEHHIO KYyPCOBOM PabOTHI MO JUCITUTUINHE
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