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Abstract

This Diploma Thesis studies the flow through the impeller of a centrifugal water
pump, using free open source software. OpenFOAM is the leading open source
computational fluid dynamics toolbox, used for the numerical calculation of the
flow. Concerning the meshing process, cfMesh, an open source library for
automatic mesh generation, is built on top of OpenFOAM. In addition to
OpenFOAM and cfMesh, SALOME and ParaView are also needed, regarding
the pre- and post-processing procedures respectively. Thus far, all similar
projects undertaken by the laboratory of Hydraulic Machines of the National
Technical University of Athens, were based on the usage of the commercial
CFD software ANSYS Fluent. However, the significant advantages, that
OpenFOAM has to offer over other CFD tools, in respect of its capabilities, the
trust that it has gained along the years, its zero costs and the expand of its
usage among commercial and academic organizations, create the need to
explore and understand its fundamental operations and utilities and ascertain
whether it is suitable for hydraulic machine simulations or not. This particular
dissertation is the second project conducted by the laboratory of Hydraulic
Machines, that includes the usage of the OpenFOAM toolbox. It makes the
transition from the numerical analysis of the flow in a globe valve, to the
computational resolution of the flow around the rotating blade of a centrifugal
pump. Simultaneously, it makes the transition from ANSYS Fluent to cfMesh,
with reference to the mesh generation. Special attention is drawn to the general
structure and primary operations of OpenFOAM and cfMesh, in conjunction with
their key features, relevant to single rotating frame of reference applications.
Through this essay, the meshing process and the setup of the resolution of the
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flow are thoroughly described. The results derived from the simulation are
presented and accordingly annotated. They are successfully compared to the
validation data available as required, verifying the credibility and the accuracy of
the software.
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T d U3 GerfaseFile, "6g g e8uUsasziUs Ue UjycUas
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VAT *o Qg ~Fommmmmmmemmmemme—eaeo oo *\
2 | ==azzaux= ! !
3] \\ / F ield | cfMesh: A library for mesh generation |
41 W\ 0 peration | |
5 | A A nd | Author: Franjo Juretic |
6 | \\/ M anipulation | E-mail: franjo. juretic@c-fields.com |
A S e e e e e L */
8

9 FoamFile

10 {

11 version 2.0;

12 format ascii;

13 class dictionary;

14 location "system";

15 object meshDict;

16 }

17
18!!*************************************!!
19

20 surfaceFile "caseSampleGeometry.fms";

21

22 maxCellSize 0.085;
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E ¢ e 2QJcyclic_1, cyclic_Basel, E 6 e £ Lbla?le_MainBody

cyclic_Top1O
hub_MainBody ©
hub_ProblemArea

ZUedem 3 Ublly o 0 Uz Uy Washas U @4 sU ¢ Ulkipatahes:

BasUdBdhe UUU o Uspatthes. 835 Uxs

Patch
I y3ageU gt a6d
1 inlet patch
2 outlet patch
3 shroud_MainBody wall
4 shroud_ProblemArea wall

ps oveBPoBBalU Fg)sUsed jJgol)e3ai,

Kz Y/
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5 hub_MainBody wall

6 hub_ProblemArea wall

7 blade MainBody wall

8 blade Top wall

9 cyclic_1 cyclicGgi
10 cyclic_Basel cyclicGgi
11 cyclic Topl cyclicGgi
12 cyclic 2 cyclicGgi
13 cyclic Base2 cyclicGgi
14 cyclic_ Top2 cyclicGgi

2. K} cydiedgio e

3.

¢ 36068 0egaug 09gds “~UU;yvyUe eaUdg UsUsaaUd
GgaddsWlg scuisoaddgUUdslelyy Uz UalGUssecU Usly sasls
“"ayoeUUcsd Ud¢g U U & Ulkjichlibgelic Basel-cyclic Topl o Us
cyclic_2-cyclic_Base2-cyclic_Top?2). by o Us Oy 3aeg 3elo UV syilicUsels
jidestdd j yeUWUsoa¥ o633 U U0 smeogIa UBigd 6 9

U osilfg” e ¢ yealgealU U fhoUGybeadlodldd ~ U0y i ox
Z UeOpenFOAM, d U soecosbgtielUsy Ua 33U U sU0UUgecdUa
tolUlGey; OWYyodedlawpo UslgdiemUaclg) o U adydicGyi.

B Uictcwli j YoeslUdlisoee 8sUalUUs o950 U UsUaUceh!
aUs L"J’sU;ypatdhessﬁJUddinx@Jfw;eeﬁjgaanYUuwszssULﬁg;oUG
09d)) Usesayd U eglo  (ddks U i URg @G d , 9 Ui @

U syYsUsUd BH8gUEsUphghsbe UUg @mpldgeld; soe,
UoUdUUGs6atlostitioor BUWs DHUaUUY 3 UU " dseg e
Ui " eg phiches (GUs Uy cUace Udqds o ticidiaries; vy
Uycoe/ley sUatl 3 Ggsflaids spUU0UYUUdaUdqUd ulbeUg fy G
dictionary boundary, eOUY Ud oy300d Utmgndary,adb ¢ UUa ¢
"U) ocpatche¥ gl UUagse3UUseydniUayalssgdagUsotioy
neighbourPatch, matchTolerance a &~ . i} diosee 89U0alUs dgse
oUxyeUU; aUd oaUs "~ ayoeUUU -~ atiityy &lgoglkdviesh,d e 2 6 g}
h- eg UasUs UgeseahUU;e 30U "~ UyUecdeis UUgUI
dgooyj gl sral ;623 YeeUUU ~ aUcdMethUe  cadidd,
vy rd 2a3U0U0Us oaUUUseliqls Ues Ug cWpdld@h, o GO
hoalUd Usd "sdUsyd UsYooaUd U aeaglidd Usfhd
"0y sctsafhUqUU. GsU Us ah o@penB@AMAG g telle sUlHBU o <
99U 31 Ud dGey ¥ ggU¢éGendigl Gd Uitergolation i G U3 s o e
balUoeUUsoae )"UUyuibifiseeUd Ug3UURUdOY Ut®poeilsa
“"U0; i o,vxéddyad Uds "oe) Qrs3UUe PUsldL 3 “aUoeC
U siUszlpaxsiUd3 1w db-extililc@penFOAM, U s UgoecyY3aUUUs =

ms oareUUsoe Ky oUGaU TgyosUesed jgoUjyssaei, 4
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"0y 9ctomdUQuUOUROdet &3 08B} s Uy UsUse ," 00 2
Y} d3uUgqgtUo&geddadcGgi(BU " Us¥s3(Ulelasag
¢ a sUaUae cyclicGgi UsUaUbBbYs3Us 30 G0y

Uy o
UsUsgadOUUsayY OUoydd "~ eaUsbyseg 3U ~adyaei
"UypsctisafhUqUUJ.

Bs " Ujscliseayte d 5ii¥b apbd Jayac 1, cyclic Basel,
cyclic_Topl ) aydlae? (cyclic_2, cyclic_Base2, cyclic_Top2 ) U saycddal
Ggtodl¥, ey ol Gelicggixd) gURd elUUs odils amgaifyo didl g’
GgooUo) a9 ®ddUdgaUy dda U G U tham-estendr400 § e g
OpenFOAM. j gUe Ua3Us d UWpdidrpBM aBgygliicuddiag!l
Uds ~ Uy a6l soetydichgiUs Uy G W) Y albmsallgpe b UsOHY
bobaosaedeadMegh. Us g

] } G9o YyclicGgizga} as UUUs ey 0tms W U;UerlddUdJ;oUg’
cyclicl  aclchc? . O U heUsze beeU, du ;jy Us 33U
Ud s U zditesiamMesh, ¢ y 0 Wictidnahg boundary U @ golyMesh. & @
boundary “ y y " Us 3U g etUUa Uds aUUYaadoadq U Us
e egoaglUe cdlly. Y&#8e UsUadUOUd ~Uja Uxrxiad, Ue @i
Ui e UsUdlaoyglidshipacthes, €U oaUealU GisztuUGd 0003
s cgal aUsysUshaldepdtt:he;U(BUSdU Gt 80s y3uUsad

A aiddd, pawhedcyclicGgi, 3y Us 30 UUdeild) @day ¢ o
alUsmy sUsayd O@BazxayaUas 0, 295U HRaU UU eUoyd
290 Ue3 " aeyd 6)o0eh Usg, Uas3Us scgpt 6 6} Ux |

(setBatchGgi) ey U GUe3 eatelYde&rsa Wdedg 6 6ae dU
iie UsUseayd ~6g dU saddUa UjohsdtB8gteUsa U Us
setsToZones.

FUU FcezdUB (PDas3s0UUs Uy YuUs o e U ditliengry U o Ue @ .
boundary o s U Ui 6 U gcyclicOdj pdilchds o Us d e 6 sdiip Us g
setBatchGgi. B U;fh 6d UsaUyal &eaSft o lwatsTolbaed g a1t 3
GUa300Us aUe "1 Ues GeeeU Udd A3hUqUUJ 5.

setBatchGgi (~/OpenFOAM/run/pumplimpeller) - gedit

Avoypa v [l

1 faceSet cyclic_17one new patchToFace cyclic_1

2 faceSet cyclic_BaselZone new patchToFace cyclic_Basel
3 faceSet cyclic_ToplZone new patchToFace cyclic_Topl

4 faceSet cyclic_27one new patchToFace cyclic_ 2

5 faceSet cyclic_Base2Zone new patchToFace cyclic_Base?2
6 faceSet cyclic_Top2Zone new patchToFace cyclic_Top2
7 quit

E c e 22JScript setBatchGgi.

o oveBPUs8@aU TgyosUsed jgolUyoesaei, KzHY/l 7.
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53

Eceegl

Avowypa v I+l

R LR LT L o e L L LR *\
2| ========= | |
31\ / F ield | foam-extend: Open Source CFD |
41 \\ / 0 peration | Version: 4.0 |
5 W/ A nd | Web: http://www. foam-extend. org |
6| W M anipulation | |
A L R L */
8 FoamFile

9{

10 version 2.0;

11 format ascii;

12 class polyBoundaryMesh;

13 location "constant/polyMesh"”;

14 object boundary;

15 }
16)’/*************************************/1’
17

18

19 (

20 cyclic_1

21 {

22 type cyclicGgi;

23 nFaces 1487

24 startFace 923873;

25 shadowPatch cyclic_2;

26 zone cyclic_17Zone;

27 bridgeOverlap true;

28 rotationAxis (60 1);

29 rotationAngle 72;

30 separationOffset (0 0 0);

31 1

32 cyclic_2

33

34 type cyclicGgi;

35 nFaces 1488;

36 startFace 925676;

37 shadowPatch cyclic_1;

38 zone cyclic_2Zone;

39 bridgeOverlap true;

40 rotationAxis (60 1);

41 rotationAngle -72;

42 separationOffset (0 0@ 0);

43 1}

2p» Ue f ) ( vpatchesdla U eyglicGyi,

3.3. & 5 a gdimpteSRFFoam

B solver

Usgd

bUGsosasgid U

OpenFOAM. Aa 3 Us
Us fhaasogadw) ade UUU

aUUyvyabll pad oss@gU

1 ¢ h 3 o(stepdy-state),
Ugy bt §i ¢ @urbulent flow) e U

T

= —a -

UGge’

a Qncdimpressible flow),

3 Ug U sbgiedytonian fluid) & U

y 3 U0y a0 Uy 0d fpdl dsimgle rotating frame).

Ps

areUUs9g0c®

Ky oUGaU Tg)sUsed

0 3 U gigion&hs bpundary.

gl soycdag@Qgs0 aeaglid(iU) ccvtdys
simpleSRFFoam (simpleFoam in a single rotating frame). ] gUfhd Ua3 Us

saglpd Uz Gy

y 3 U
§@gUe acoslce
U saUkW Y36 g3

JjgoUy sa3a6i, 4
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Eg3 U « ¢simplesRFFoam UUs ) sYes Us U RagUU elle gUsd
"1 ebaeeUUsd ~ UU)sxWeaps U ¢o saldditidi s OB( wdi o
GoaUGRy v3 Ubai@panB@rM, ¢ simpleSRFFoam "~ Uy e glisaYes OUUSs
U sagUsd UgdeU 3 s Unan-NMenvtoklan fluids). U} f U, aUUvy U
eUayUd Usg UjoUaUadagdGda 48 g UheedifpenD « fiplbal

;) Uga Uy gUf, U wahaUblB,( g0 Ussh ~ ¥ 6 6 OpeaFOAM) 6
tutorials (h ~ ¥ d Ug URG Ue openfoam5/  tutorials/  incompressible/
SRFSimpleFoam/ mixer @ U #& U doam-extend-4.0/ tutorials/ incompressible/
simpleSRFFoam/  axialTurbine a8 Us mixer), f 6 g U a0 constant/
transportProperties & d ¢ Ust 3 0UUs U} UaUdyaaUsa¥:

transportModel: Newtonian; .

ZUd3 y o U e OmenFAAB g5.0, s U vafgleglUUs ¢U Us
SRFSimpleFoam, Ust G0ds yeam-extend-400ey Ue H3aeeU
simpleSRFFoam.

geU) o Us o BRFUB @ U aSinfle Rotating Frame of Reference. B
U 9 ogs&impteSRFFoam 6 disee 69 Ua aUp U0GsUsyd Vil
g ea6oaslUs Usd GecUUsayd U Us "~ UpstGUpUdhe
jeyd. B¥UosUjUdy9 cWdd sl BangjgRdoam, eo@ UJ UsayY U~
eOQUU0U} 68" yd:
T 6Uds UszalGyadd UsUUey didd Udgd GOgpépsdg
(Coriolis force) o Us Ud @ go e acortrifligabfarae): Ui 3 Ue d (

J20pS 6P [¢P 0P - 0 O oOp,

Coriolis

elbp 60 P in

T a3 90U0Us0a6 69 Ua btnkga (Ued atkledes gilsylp)

T d UUci UqUU GeldlaidBlUs v d

yaoU UU UjyeUaU GUU 6 cgaUlU b GihpdeSBRBdm d o0
byateas3UUs simpleSREF¥FamUae YUy U  f fomm-extend-a ~ Y Us

4.0/ applications/ solvers/ incompressible/ simpleSRFFoam ( U3 Ug a®
$FOAM_SOLVERS/incompressible/simpleSRFFoam G U g UUj.e 08dof)

"0y s80hU0 Ud ~odyeileyald GeoUUsoawUsU U8gd

o oveBPUs8@aU TgyosUsed jgolUyoesaei, KzHY/l 7.
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390l GUsd NoviegStokeg ede U3 Uo 3y Wldds Ue "z UUy y 30
4 o 2

U Uds 63 de aUsUsimgpeSRFEbamJeig s Ws s 8gU0p UaUqU
coamdp Udd g eUshUpUd 1801038 UaxsU 0 [
heUsUd slidoalUd:
1

aduUe 3 o Uly®da ¢ didlienary Urel ~ ¥y Us @ Ui " ed
U3 Ua & Upatehesx(islet o Ushroud 6 Ud GgooaUsay seysad U Uy a
} gde s 0 BRFWeloEity (e e £30),

T aUc3s o UUctrstante " j ¥y~ Us 3 U "} edigtionany U a Us
SRFProperties (Fc e €20) o U o

T GUes3 o U®bysters @ &5 dictibeary controlDict ~ } ¥y~ Us d oy 3
o & Uapplioation 3 U 6 j wdsithpleSRFFoam (Fc e £39).

] Gei sacgoaad) vrdUa dqd oaUUYasoamsed ¢ j clUUseasge(lel
simpleSRFFoam ¢~ ¢} Ua 3 U U0d0w, GG UUasUs@egpg ed

[}

"adoUjeacgoelUs GUe UU;eUUsafh Us hs3eeyY Usg:

~% simpleSRFFoam

Ece 24 K3 Usae U asblyeesihpleSRFFoaemgl Ufmam-extend-4.0.

¢ 0g3Y)SRRYéiatitydy U0Us Uds Ujycecosee/ 6)sUse Usce
(Urel), 6 U R~ e o U patdhies)c jUIs Ys W U&pos Gt UUd 6 UUs® 814 & U

"0Uyp 90803 U0UGHe U3 ~ oUbE gs U UkiddiGtierpry,d ¢ type ¢
SRFVelocity;e, UY3 d oeglative org sl aldos U§edc UUso e
UUeci UqUU “"Uay 3U>s Uds Uscee " gimletVatua 3 U0 U s

(Urel=inletValue). ] aast d, Uyayes, ¥ UHsU W dds "Ulbjesel Uy 6 (o
Ud Us ) Ua U Uigetvalie HUreEimletValue-omega®). ¢ 0 Ui U0y d Ggs3
(relative yes;) UsUGGUaagUs Ud GrGUe eU000U)6 @

(Uabs). K3 i Us o UFedeB lidds0UUs Us UegeeU Usg ot Us9a
SRFVelocity  UC++, "8g UsdoUa Uess UjpisUUpoedso
UUeci UqUUJ. ¢sBFvEIgctybgd dB8eg UUs oYUy U K Us ¢

$FOAM_SRC/finiteVolume/cfdTools/general/SRF/derivedFvPatchFields/SRFVe

locityFvPatchVectorField.
¢ @ dictionary SRFProperties ( Ecee U 2WBgs Us UgUh "8Qg 6]
U Uy UaUdUegd GgsUUaUGUyd o2995U (@BasUy &6 s ag!l
Uy 90Uy ¢SREMPdel) , alys Uy ¢~ Uy s(arigin)e,i e dlBl a 6
Uy s Udatie)d o UbUjesaliyd Uy s Uy} ¢ breafja epmUaast d
"byelsece: 69 0Upelyd € 636i3 3U yeaeags UaUl
UsYeagoU U0 Ud Gey Y " UystUjpeied. aglsayY, I

ms oareUUsoe Ky oUGaU TgyosUesed jgoUjyssaei, 4
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Usuhliegd B g € 8) G681+ 3 3U Uedaei 3
o, , .~ o o )
UduUyj esgoe, 8 G6JeuUdd eUss jeln
[} o ~

oy 3Usd s8aaUsusY.

137 // 1If relative, include the effect of the SRF

138 if (relative )

139

140 /] Get reference to the SRF model

141 const SRF::SRFModel& srf =

142 db().lookupObject<SRF::SRFModel>( "SRFProperties”);

143

144 // Determine patch velocity due to SRF

145 const vectorField SRFVelocity = srf.velocity(patch().Cf());

146

147 operator==(-SRFVelocity + inletvalue_);

148 }

149 // If absolute, simply supply the inlet value as a fixed value

156 else

151 {

152 operator==(inletValue_);

153 }

Eceel

3 5 8RFvetocityFvPatchVectorField.C.

SRFProperties (~/OpenFOAM/run/pumpimpellerfconstant) - gedit

1

2

31 \\ /
41 W\ /
5 W\
6 \\/

7

8 FoamFile

9

10 version
11 format
12 class
13 object
14}

15 J”r * k * x *
16

17 SRFModel
18

19 origin

208 axis

21

22 rpmCoeffs
23 {

24 rpm
25}

26

27

iy

AnoBrkeuon

foam-extend:

|
ield |
| Version:
|
|

peration
nd

Open Source CFD
4.0

Web: http://www. foam-extend. org

2.0;

ascii;
dictionary;
SRFProperties;

*******************************}r}r

rpm;

(6 0 0);
(o0 1);

2900;

28 J”r L L J”r

BU); heaesU simpleSRFEBoam U c UUeay s iy 80U ¢ Us
U aogtd Geglt g e §mpléFpaam o UMRFSimpleFoam (Multiple
frames of reference). UU¥ ) dUs @Y Y3 s Us
U o Usddlyep &Jfg simpleFoam ( G ge ’
d & U 0 g deU dictionary controlDict ¥ ¢
Uy acld) Yiddpy; & UPedg)ls s UsaY
"} 8 0 dy Gdttonaly dIRFZones. ¢

Cc ™

Ue

Co

Ps

£ ¢ e ¢ USRFBroperties dictionary.

Usee

adyedaey) aU

ovreBPoB@aU TgyoUoaed

UgUe

jgoUy ssai,

UgUnh

GtgsUURUQUU @
Uy salUeby¥Ysaeas3lU0Qd
@uplifatienyfplidey o U s

G U gcenstantUd a6 2 @

uas
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aUdhUs U Usese¥YlUdoalU oaUUY Uds U glbgld !
6y UsyaUdaU 30U UsoledsinipldSRiFFoamJailBls Uy s OURd o 9l
"UyeialU UGU) eegotatorialO03Ug g hBxgfsopdipde Udo Ba dI
e 6)8itl0 30 0Ggeba g e Utgdii) mixesvessel?bd,d , & W 3 Upc Wl

-

U e gfoam-extend-4.0. z a U €99} ® UsUldey ¥ deUUsa¥Y €
MRFSimpleFoama Us Usd U39 Ga didd@e ddd) YeBde U |

34.poUces ) Givxadd 7T dahstafyo g

ZUe "~ U3y h3 "3 hbadeU Udd ~ U0} v Uedctiotagd U3z U:
SRFProperties, 3 Y adhstany ~ U} saUebysUs UsaheU U
RASProperties a UtsansportProperties, h vd Uesaysbitd g esulUsoe

FceelU 27

") constant

G Mpoownikéc @dkeho¢  OpenFOAM run  pumplmpeller constant

® npdéoparta = — o
At Mpoownikdg eakehog @ @ @

, , RASProperties SRFProperties transportPropertie
[m Emg@avela epyaoiag s

FceelU ZUUvmetatgoU Uds UVUiGUyesoe Udd “~ U0y vUed
Us UaaU

¢ a o U RASPfpperties 6} as Us Ud e63UUpbdgadiBUdUC
GgoolUo) 9owWadliq UK UssasagdUaq U3 qUepgliied h rd
"Up 9093 YGUUUs GUU thamiextend-flartatgrialdb stlslUc 3 U 9 &g
simpleSRFFoam (mixer @ UaialTurbine). Yse GgooaUsajyseys3lU, U
U’ s ¢ y jsubdjofonaries, U0 6 cgalU " UjysalUcebvddg=si § ac
GgsUUaUt0ByorysegUUs o050 oa¥YdU ce3lly adg WA § b
Us dyeU, 6} d0escessU yseoc) akikUpsrdigs o. YU ¥y Uideeld o)
Us afose UgUfR, UadUUUs UguaUd) RASAraperties 1 Ud U
RASModel kOmegaSST;. ¢y e d Us Ua e Us 88 ¢Atia,g felilss H UqU
2.1.3., KASProperties” Uaj 3 Us U dictiehgryitdrbulbacgProperties.

¢ UsUlGe} Y UgUe eliUaalUUs OpahBOAM.” sfpamas e Udd
extend-4 . 0 G} d0 5 KRASPopetlies ( Uq dy Gudbuldhae@roperties.

TUs Udictignariess ¥Ys3eags Uds atsU tegalUsyY, Usa¥Y ¢
290 UsUlGey) UUs OpefFOBM.U G Usd Ueg

ms oareUUsoe Ky oUGaU TgyosUesed jgoUjyssaei, 4
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transportProperties (~/OpenFOAM/run/pumplimpeller/constant) - gedit

1 \
2 | |
3]\ / F ield | foam-extend: Open Source CFD |
41 \\ / 0 peration | Version: 4.0 |
5] W/ A nd | Web: http://www. foam-extend.org |
6 | W/ M anipulation | |
At e */
8 FoamFile

9{

10 version 2.0;

11 format ascii;

12 class dictionary;

13 object transportProperties;

1‘51 i},r}r ************************************* I/
16

17 transportModel Newtonian;

18

19 nu nu[@8 2 -1800 0] le-06;

268 rho rho [ 1 -3 8886868 ] 998.2

i; J ] R E R R e R d e SRR IR IR H e R e R e R R e R e R e dd e KKk I/

E ¢ e £ UDi@i@ary transportProperties.
vy vrd OGdeUsiddaU oaUs 3v};alUU0; U diciosasy g 6 Uz
transportProperties ~ Uy sy Us UU U Uy UaUdUU Uy UaUd}y
yj UgaUei. Auut, d “~UU0UpvyUe UsesalUs GU UszUsaal
transportProperties } g deelobUUs f° vd @GUa38)U0UUs GUe EKEceelU
GoU Rdwe2B ioaUgoa) 93as00Us AHUs nuedllg elbs olng IWd s -
993deUUsahfh o931t uU0d Urbagd } UggetsUbetig, Ulisgd Ussl . U

0
&

jJeeoayd aUs BysUsayd EgadeoaUd

UbdUoesi UUy d utgaUUey 3 B@ed@sd UHOe0gagezAl Uy 3
aUdyoatUsoat 3 aUcslUgontdsddd; Wis@dpolgesl U
) UUsoyd gUly slcdpegUa s Us, HUs osUUY Uds U
SYﬁﬁiﬂéﬁJ@ﬁGJOUSSGG aUUyadades g0 s Usphlidq O
gUoY¥ese3UUs U3z UdctiptasiesY Ut 36U} J8lat 3/ 6 oL
ddoat 3 "6g UsemsedngllBesedgbslideUasg aUs
Tima ji) . GoaU Usd g hRaoases Ud " Ujyseecyd, d U
" UUeyhogwg UpUdy b Ussl), RAeeUd UsgliciBmpssgd,
oyoe W alimlis®Utegidd. BgéasUilweab® ¥cl Y4
"Uyece 00U UalBlUe®cws Useyd dictiongriestkhrdtdengga ¢ U U
aUwelUcg GUayaefhyp UzU; t8es Udmds Usa U
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LDC‘

U
d
U
Je
}
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TGy &

o oveBPUs8@aU TgyosUsed jgolUyoesaei, KzHY/l 7.
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BasU2aPgeosoayd Useyd Usy¥Y "~ Ujlew3LT.ooU c63Uyaas Ui b

0 O 0 .
aTa| @ v k- M= v nega y| UrelDjy

0.0005 | 0.000987 | 0.000109 9.0535 0.51299
0.0015 | 0.00888 | 0.000327 27.161 1.53897
0.0025 | 0.0247 | 0.000545 45.268 2.56495
0.0037 | 0.0540 | 0.000807 66.996 3.79612

0.005 0.0987 | 0.00109 90.535 5.12989
0.0062 0.152 0.00135 112.263 6.36107

OO~ WIN|F

ZUs3 Yz slimdle” Udadas Us G Us s YJad U 38 ahlblepdr Ue o
ehs3e GUbegaeds5UUBG sU Uds Ud elw U8 e glddeesd e

U sGY3sUsU Uslthuegd idds¢0 glhetde B0) gddeds

U Ud beedUsU Ushd g eeaeostUssdyUpdiag UY:
Ui ) bld SST (EeceeUd209) Us Uy oUaUae UgUR 63 dbh
U0d0y v d:

(e0]

Co

 y 3 0UWG d Btdrgulence intensity): 5 % (default),

T U Ua W v:@asmm,

1 o oacdwdleigl) e b ¢(tusbulent length scale): 7 % (default) @ U
7 a0Ud 6 )0ovw9 (default).

Calculation of initial values for k-omega

Velocity scale [m/s]: 5.1298934115

Turbulence intensity [%]: |5 default value: 5
Length scale [m]: |0.0905

Turbulent length scale [%]: |7 default value: 7
Cm constant []: 0.09 default value: 0.09

Click the button to calculate.
Calculate

TKE [m?/s’]:

0.09868427405006666

OMEGA [1/5]:

90.53504645179403

Turb. Visc. [m?/s]:

0.0010900118563766544

EceelU B9 seoaesgoostilUed eyUydiddd Uxvys Uy cae83T. Use 3

ms oareUUsoe Ky oUGaU TgyosUesed jgoUjyssaei, 4



60

zU00Y, @85 fh3, U’ R Usd “j3edoeielU3ld UsOGU>o
aUUY o6 Nexg 30 ddsesUd o " op-¥ ¢ Ud)dbldiationaries, ~eg UgUhRd
" 0} 9 aUckbrinig dhmega( p, Uabs @ Urel) , Wsle30:

W Npoownikdg pdakehoc  OpenFOAM  run  pumplmpeller ©

©® nNpbéogpata @ @ @
4 Mpoownikog GAkeAog

. k nuk omega
[m Emgavewa epyaaiag
"B Bivieo
O Evvpaga @ @ @
A1 Ewoveg o Uabs Urel

~ AYELg

FceelU FWUYacoesd 0 Uvys Ujceeat s & ejsUsal s Ggad
aUsze399afh UdeUae aUsUesg) oaUd.

Uy UaYUx Ue (U3 peywssWdithbhayies Uslic ecs UBs g Gisa U U
aU0Us3hdld Uxs UjycUaxrs, uUsUgoey}s3asUUUs §

U oglWkvr elel UlgBBUs ¢ a0 631 eU aUs
Us a80o290es0f,

T 60d oy 3 ddinensibasta jgdeasses3UUs @5 e€63YU
elUoydegd. ¢U 3&i;eYidsUlsg o0bU 20U GU U
UasUs 65 Uady Ulkg m 8 Keavin enel sAvhpiere scandela]
UsUaGUes 956U

T 00U 6 3 h ¢dbldde .*oe, ospiroud .*0& , c¢ohub_.*0¢ a Us
cocyclic_ . & dge b e aa Bl Ulksy jpaiches blade MainBody
o Usblade Top, shroud MainBody o Usshroud_ProblemArea,
hub_MainBody a U dub_ProblemArea a Ueyclic_1, cyclic_Basel,
cyclic_Topl, cyclic_2, cyclic_ Base2 o tyslic Top2. ¢ U} oUaUaa
c*¢ Uas3Us “"gai OGdeUsUsafh, UlGei beddy
GlL}e oUs”HWyWieBaoeUUsd detvnary, M Us gy 3fJaU
patches Ui " eavglycegas Usd alusUd uGgsgedldg, dU

~

T d Us oae HYdBUadepU@UWasasUleh oUs Gf)dlBs Us
9 a

o
c

G
%

e3heUUY Usgd 3 U Uy caesegs wak (B Ua
(wall_blade_MainBody, wall_blade_Top, wall_shroud_MainBody,
wall_shroud_ProblemArea, wall_hub_MainBody,
wall_hub_ProblemArea) , LU0 d @63 sUse UGgsadead

aUUUo3 UlGUa ehsae ealowdilgyerdo U Ues fHzeelU ¢
1 f o U d wallFanctions (Liu, 2017) Ua3Us digasdepdd, 65 a°
bUGases3UUs 0 dlagsy W ypenFOAM  FvPatchField.

by ey} 663 UUbg 0d dipedmug o UzeroGradient. ¢ G g3 dead

o oveBPUs8@aU TgyosUsed jgolUyoesaei, KzHY/l 7.
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fixedvaluei s UUdy Ua Uds Usee Uk g achlboaydd ssg dU el (f
Ust d 0 gesoGmdiant (— misUUGp Dmee Usg cUoyd
GU0d0Y eaXid0 y3U U ' UB3¥p6 Y ollbadeg, Ussjearadg
Urs coea3Usst 3& o Usagaxtempoltiony,s vre th U8 " diUyal G
B eyoddEALPUDbYaaOUUEG§Us ) dleogpdr We splb-a i d

"Uy Uey3Us GEda Uz et a1lied @B Bade ¢3) a2 U o

Uy a6 d

T d 6} sUse dalgdatte sq dlisee 8sUalUs HUU3 @
UzaU; UYUUs U Usd g hees Ud “~edhUqUUG (

zeroGradient at outlet patch

wall

inlet
!
outlet

wall

(4

U 2UsUc gy oaflefiValieUislet » U edd dig 3 d
ezerdG@fadient 0 U autlet.

Fceel 3W, yYul
a

Qm

3.5.1. Dictionary k

GoU Wgpbtid o93dqUske d sy gs BgRWalGunction
"je0lpyBdoyd Ggs3dweuhdnUi AsgUs d ec3Ulososce
¢ Uc ac avglfunctioh) ~eg g ¢ &dbohigna bolrslary cconditionse .

i} ddoseae’ 8aglyudlefp WiBeydalds s Us U gUUaUa ealU G
gegy) e Udd 8 } o Uo wefoGradiens d(andektend-4.0/ src/
finiteVolume/ fields/ fvPatchFields/ basic/ zeroGradient) , U’ f h eg )
318y} eU0Us. GsU " UpsG0HUU; 0Od “adyelisyald,
G0U UyeUaU oYUy ©anfrextdna4.0k sscs mrbuiebteModels/
incompressible/ RAS/ derivedFvPatchFields/ wallFunctions/ kgRWallFunctions/
kqgRWallFunction.

i s bs UUi cydicGgi, yceg3 w®©eiud o29a3Us @69 U Uy UaU
g eUshUqUU 3. 2.

ms oareUUsoe Ky oUGaU TgyosUesed jgoUjyssaei, 4



sU @89983a6¢ealU o dicBogariesti @y Usfetgtei za, uUl3
8 31 U0Ue Uegeell5 (Ug@ecBRees Q0grvyB8UU UaszUs Us
U aUszsoa¥Y.cgaeUasdhmUs, (obhjéso Yis (ka sslbos UseY d U

TaaG e

Uay3U0s Us fA3eeU Olasg, ¢l yal'sayas ballbe alval

i
Us ¢ vadScalarField (0 U UU b Ude v UWlVeetttbiglddd) s b U8
tsUsgdeUUsdvqatlleydgU Usd UUeci UqUUJ) .

uuU
U

k (~/OpenFOAM/run/pumplimpeller/0) - gedit

1/*- \

2 | | |

3]\ / F ield | foam-extend: Open Source CFD |

41 \\ / 0 peration | Version: 4.0 |

5] W/ A nd | Web: http://www. foam-extend.org |

6 | W/ M anipulation | |

A R e e e L e L L E */

8 FoamFile

2 {

10 version 2.0;

11 format ascii;

12 class volScalarField;

13 location "a";

14 object k;

15}

16}‘;’*************************************;‘i‘

17 dimensions [02 -20000];

18

19 internalField uniform 0.0987;

20

21 boundaryField

22 {

23 inlet

24 {

25 type fixedValue;

26 value uniform 0.0987;

27 }

28 outlet

29 {

30 type zeroGradient;

31 }

UL ]
ade_.*"

34

35 type kgRWallFunction;

36 value uniform 0.0987;

37}

38 "shroud_.*"

39 {

40 type kgRWallFunction;

41 value uniform 0.0987;

42 }

43 "hub_.*"

44 {

45 type kgRWallFunction;

46 value uniform 0.8987;

47 }

as [1I T TR E T i iniriiiisd

49 "cyclic_.*"

50 {

51 type cyclicGgi;

52 value uniform 0.0987;

53 }

54 }

55 ".','.' A AR A A AR A A A A A AR A A A I A AR AR A A AR AR AT A A AR XTRA R AR AR AR AR X AR AR XXX A AR dddddh ’.','.'

FceelU 33 cooyd & 8y9Uayd GgadealUd o090 Uds Usce
kUeg €83 UyakeywgSSUi+ | bdd
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3.5.2. Dictionary nut

Z OdictionaryUs g Ug) bL Us ¢ &o e&UuG@Jg’ U0dy UaUOUs d ©Gc¢
nutWallFunction. jgUle " jeeyldirg i G g3 de ditdahlet. Ui " 6 g
gyey)y cl0UUs U Uds fixedyaud ofeam-éxigral-c.8/o sic/

finiteVolume/ fields/ fvPatchFields/ basic/ fixedValue) . GisU Uess ~aey d

Udd, “y3 U0 U galudYgs Yysws ( 30U 83900813 oaU.
G g3 U08yChu i Ry kappa 7 von Karman constant 8 UB i Model

coefficient) . GoaU " UysG0HUOUVU; 0O ~adyeleyald, G

UsUOU} y3U0s GO0 Uy ceUaU o Yfdam-extéhd-40/ $ia €638
turbulenceModels/ incompressible/ RAS/ derivedFvPatchFields/ wallFunctions/
nutWallFunctions/ nutWallFunction.

nut (~/OpenFOAM/run/pumplimpeller/0) - gedit

Avowypa ¥ A

16,’)‘*************************************}lr

17 dimensions [@2 -1000 0];

18

19 internalField uniform 0.00169;

20

21 boundaryField

22 {

23 inlet

24 {

25 type calculated;

26 value uniform 0;

27 3}

28 outlet

29 {

30 type calculated;

31 value uniform 8;

32 }

33 //lf‘///é‘/H//HH///HH//HH//;‘/H/////H////H/H//f‘///;‘/H/HH///HH///H

lade_.*

35 {

36 type nutWallFunction;

37 Cmu 0.09;

38 kappa 0.41;

39 E 9.8;

40 value uniform 0;

41 3}

42 "shroud_.*"

43 {

44 type nutWallFunction;

45 Cmu 0.09;

46 kappa 0.41;

47 E 9.8;

48 value uniform 0

49 3}

50 "hub_.*"

51 {

52 type nutWallFunction;

53 Cmu 0.09;

54 kappa 0.41;

55 E 9.8;

56 value uniform 0;

57}

ég H;’fHf{Hf/HHfHHHHHHf/H/HHHHf/H/ff/H/;’HHHHHHHHHHHH
cyclic_.

60 {

61 type cyclicGgi;

62 value uniform @;

63

64}

65;/*************************************//

FceelU 33 cooyd & 63 9Uayd GgadealUd omwtl Uds Usce

ms oareUUsoe Ky oUGaU TgyosUesed jgoUjyssaei, 4
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3.5.3. Dictionary omega

ZUes K cdede Ul g33 Y prdegantliFunction s ci Us oaUs 09
gy dafh URegoldss.h AasUs ecaU Ggsdead, d 6 ealU bl

Ce
(0]
Ce
™
O

U e giscous sub-layer @ Us ltislay region. pasUs Ues Uy se}
GoaUG 63 ¥ Udd Uiy} bdd wagUse,Yalise tlmwagU U3l alddl o ¥y ¢
" Uy} o cwscoms o Ulegarithmic. EUsd UsitsayvYeUGUd ~U) o686y

0a3e830Us eU Ud jaseU Uesg UdjealeUUsd U~rs
omegaVis @ Uomegalog. odaUl e:
Q80 .
T Td)h

h - egQUasUs d Usee OmegaViss &eonegalog B s ¥
g 6 o690 ae aefackblWay 30 @Was1t 3. z0O0UY GgsuyesUUs U
UO0asa¥Y, d Usee GUes oay3Uje Usg oaUasci.

isU Uess ~aey) d 6} o tomégaWalFgnctidorg 3 Y yYda dd f Uds
(value),  } ¥y " Us 30U 6} 90Usi 3 oaUs @mu kimédlEdU®scac s

betal) . GsU "~ Uys8adhU0;Ud ~adyelisjald, e UsUod
UyeUaU oayUry U f foald-extend-4.0¢ astc/Y tirbulenceModels/
incompressible/ RAS/ derivedFvPatchFields/ wallFunctions/

omegaWallFunctions/ omegaWallFunction.

o oveBPUs8@aU TgyosUsed jgolUyoesaei, KzHY/l 7.
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omega (~fOpenFOAM/run/pumplimpeller/0) - gedit

Avowypa ¥ [+l

16;;*************************************}f;

17 dimensions [0 -1080080];

18

19 internalField uniform 98.535;

20

21 boundaryField

22 {

23 inlet

24 {

25 type fixedvalue;

26 value uniform 90.535;

27 }

28 outlet

29 {

30 type zeroGradient;

31}

;g Hi{é{féﬁh:{ﬁﬁHHHHHH!HHHHH!HHHHHHH!HHHHH!HHHHHH
ade_.

34 {

35 type omegaWallFunction;

36 u Urel;

37 Cmu 0.09;

38 kappa 0.41;

39 E 9.8;

40 betal 0.875;

41 value uniform 90.535;

42}

43 "shroud_.*"

a4

45 type omegaWallFunction;

46 u Urel;

47 Cmu 0.09;

48 kappa 0.41;

49 E 9.8;

50 betal 0.075;

51 value uniform 90.535;

52}

53 "hub_.*"

54 {

55 type omegaWallFunction;

56 u Urel;

57 Cmu 0.09;

58 kappa 0.41;

59 E 9.8;

60 betal 0.075;

61 value uniform 90.535;

62 }

3 /I LT i rl

64 "cyclic_.*"

65 |

66 type cyclicGagi;

67 value uniform 90.535;

68 }

69 }

T@j;*************************************}f

FceelU 34c600yd & 6 oUoyd OameghittegydeosUybkdg Ubg©
¥ SST.
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3.5.4. Dictionary p

AY3 'U;UUC{ el Us 8Usdld JUslywslkae Uh Bs d e63 YL
aUUY Uds OpepF©AM, ¢ ~(bmgdebisd jGgllehh G ge b Ua s
3

toshUs uuq ';UosUUsthqUU 6o Ujcosoayd/ gy =

993deUUsoae Us s&lneMaﬂlcgpressuréJq)ig’ GdaUlteUdE oho

GU0UUssed aldd “3ed Uds “~gashUdqUU Ueg 1 Uc
N gdjl 8

p (~/OpenFOAM/run/pumpimpeller/0) - gedit

Avowypa ¥ [+

15;;‘****'*'****'****************************;‘;‘

16 dimensions [62 -20000];

17

18 internalField uniform 8;

19

20 boundaryField

21 {

22 inlet

23 {

24 type zeroGradient;

25}

26 outlet

27 {

28 type fixedValue;

29 value uniform 0;

30 3

;; H;’fé{,’éHHHH,’H,’HH!HHH.’H!HHH!H,’HH!HHH.’HHHHHHH.’HH.’H
'blade_.*"

33 {

34 type zeroGradient;

35 }

36 "shroud_.*"

37 {

38 type zeroGradient;

39 }

40 "hub_.*"

41 {

42 type zeroGradient;

43 3

44 HHHHHHHfHf’HHHHiHfHHIHHfHHiHHHiHHHHHHHHHHHHH
'cyclic_.*"

46 {

47 type cyclicGgi;

48 }

49}

50 f}' EEEEEE TR TR E TR T REE TR TR X R AT XX R ZT R X R ERT R XX EET R EET R RETRR XA h %%k f‘;‘

FceelU 35co0yd & 63 9oUayd GgadealUd psU Uds Us

o oveBPUs8@aU TgyosUsed jgolUyoesaei, KzHY/l 7.
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3.5.5. Dictionary Uabs

sU Ughby Ultionary Uabsti U3 UasUs g'ee;Usteh 3 U
GUe3 UsimpegRFRoama Us G Uess3s Uy R~ eU Us3 6 6as
oUsdabg ¢ "6 Ua 3U Uy UaUsiGdU aUs UU U sULC
GeUUfhs UU ausU. oeeaxalU, haUg’ cadculateg,s Ua ¥ d
idaUte UsU; ULel30d U Usd g heses Ud “~a8iH
99U ahoegd ~ad)y hUJUUJd, 098'U496~U8Eﬁ;’ﬂ33 UUUs
GUa300Us UsUeagUsay¥Y GUe KEeceelU 36

Uabs (~/OpenFOAM/run/pumplimpellerf0) - gedit

Avowypa ¥  [#1

16,"!*************************************!f

17 dimensions [@1-10000];

18

19 internalField uniform (8 @ 0);

20

21 boundaryField

22 {

23 inlet

24 {

25 type calculated;

26 value uniform (0 0 0);

27

28 outlet

29 {

30 type calculated;

31 value uniform (8 @ 0);

32 }

gi ffffffffffff{ffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffff

35 {

36 type calculated;

37 value uniform (8 @ 8);

38 3}

39 "shroud_.*"

40 {

41 type calculated;

42 value uniform (0 0 0);

43 }

44 "hub_.*"

45 {

46 type calculated;

47 value uniform (8 @ 0);

48 }

ggfffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffff
cyclic_.*

51 {

52 type cyclicGgi;

53 value uniform (0 0 0);

54 }

55}

56 f! AR A AR R R A A R A A A R A A A R A A A R A A A R R A A R A A A A A A A A A AR A A AT A A AT A AR IR AR R R I R ITRRRTRRR !f

FceelU 3§cooyd & 83 oUayd GgadeaUd ouats. Uds U’ f

ms oareUUsoe Ky oUGaU TgyosUesed jgoUjyssaei, 4
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3.5.6. Dictionary Urel

e UUs o Wictiondry Ui ( EceeJ B8@) echs3e ~6g UsasUs
Us UjysdqUsesoeah 2z0@gaaeB Udd Usg UsUsi G¢

patch inlet. B ahoacd, gldsay, UaszUs ~ @6 ai
"8g yeegs3 6 oyrlatdstiapadqUgU Uds o
"380U3td, d UUeci UqUU ¢ Uasuédepx¥. Us

e

2a3Us UsUlGey ¥ GUds g eU3zhUqUU 3. 3.

Urel (~/OpenFOAM/run/pumplmpeller/0) - gedit

Avowypa [+

15;‘;********-*****************************;‘;‘

16 dimensions [01-10000];

17

18 internalField uniform (0 0 0);

19

20 boundaryField

214

22 inlet

23 {

24 type SRFVelocity;

25 inletValue uniform (@ © -5.12989);
26 relative yes;

27 value uniform (@ 0 0);
28

29 outlet

30 {

31 type zeroGradient;

}
gi ffffé{féiffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffff
'blade_.*"

35 {

36 type fixedValue;

37 value uniform (0 © 8);

38

39 "shroud_.#*"

40

41 type SRFVelocity;

42 inletValue uniform (@ 0 0);

43 relative yes;

44 value uniform (@ 0 0);

45 }

46 "hub_.*"

47 {

48 type fixedValue;

49 value uniform (0 0 0);

50 }

g; fffffff{ffffff!fffffffffffffffffffffffffffffffffffffffffffffffffffffffff!fffff
'cyclic_ . *"

53 {

54 type cyclicGgi;

55 }

56 }

57 ‘(! EEE E R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R L ‘(‘(

U
FdeUsUsoe Uas3Us by bSBEYElocityUs o Ul ¢Jzi¥) Bd @&d

FceelU 3jcosawdo&d GgsdeaUd o250 UdUd.cUUsose
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3.6. @woUshylGracgystdUUafRoag

U UgUe Uds g U3 hBYUE o estispeghdlieyli U b o e UUa
a Us (dittibharies, "eg UgUhd ’c&w,trel[éid]iefbsvfkaenﬁ& aUs
fvSolution) .  dicsionary meshDict G U3 “~UyeglsayYeseUUUs U
A3hUd4a)U d 6 ealU U s9UsUypt3U00Us GUd 1ud
"U00y vUe Udd UsUoe@dge B3) BUjUesrlEUs( d a6}
2 UU U & §ystarg

system

L MNpocwnikdc pakehog OpenFOAM  run  pumplmpeller system

® npéopata @ @ @ @

¥ Mpoownikog @Akehog

, , controlDict fvSchemes fvSolution meshDict
[m Engaveia epyaoiag

Fceel FUUvsystemogd U Uds UGUyecoe Udd "~ U0yvUed GU

3.6.1. Dictionary controlDict

Do U9UEUOR&hEDD Uh®AROO eA8U 0001 61000
Rid0OO eUUURadEGEDO GEYTUTUEeql o1 U U@HUR
¢oOU¢EoRO@T gO&EO op@sOoAM OdUT 1 £ Ul 0eU0UTl OUI
P»OOUGET OAB. Dz ROQGAGUEO @& U PoGegbdidgionayU UEO
functions {{ UO&ontrolDict, G aGUU TU 0OT.U0&A0P OBROSOWIOU

UBU0 AT IR D 4uBdictionaries Ué OT 06 & OUT U0

Ue Ol O6edUT guE
J - Ul toarh-éx@endd.0.6

1 forces,

1 probes,

f patchAverage é UE

1 patchMassFlowAverage
30 UET el UdiTE UO6 UBUT 67T UUOOG, 0l U0UO ¢UdAA
RODGGET RT AEU pof-précésgingE ODZUIOBA OO U¢UdT 0O U060
UsT UE O 6¢O1I OAEGT 0O URT @B (g REUED QEDEDE U1 U A
UQobcase Upu U UEa GUEO U¢uiT UT UO aUTguU0O UV G
Ol b0 é1 EdicbonanCeontrolDict, U EUE® Uit @o®W0 U EYT 0 06O e
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GUGROI3® UoOUB6oaT UUUE UO ¢00UO 1 &READ.T &g oUEO
el UBAU zeEROOGUANE@A @G Dzl Ue U

controlDick (~/OpenFOAM/run/pumpimpeller/system) - gedit

Avolypa v [+l

A * e E *\
2] ========= | |
3] \\ / F ield | foam-extend: Open Source CFD |
41 A\ / 0 peration | Version: 4.0 |
5 VS A nd | Web: http://www. foam-extend.org |
6 | Vi M anipulation | |
FA R R et b */
8 FoamFile

9 {

10 version 2.0;

11 format ascii;

12 class dictionary;

13 object controlDict;

14 }
15;;*************************************;;
16

17 1ibs

18 (

19 "liblduSolvers.so"

20 );

21

22 application simpleSRFFoam;

23

24 startFrom startTime;

25

26 startTime 8;

27

28 stopAt endTime;

29

30 endTime 5000;

31

32 deltaT 1;

33

34 writeControl timeStep;

35

36 writeInterval 500;

37

38 purgelrite 8;

39

40 writeFormat ascii;

41

42 writePrecision 6;

43

44 writeCompression uncompressed;

45

46 timeFormat general;

47

48 timePrecision 6;

49

50 runTimeModifiable yes;

Eceel K3 Usoyd Uayoc e gddimayconrdiéica e UUed G Us

o oveBPUs8@aU TgyosUsed jgolUyoesaei, KzHY/l 7.
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Usg

syad FaUsla

U} a0y Ul e

s a GUU”lgwgs 0’9'a~y33
libs ey Ut 3aidl@Uaii s0dEds y3
U;U&osUUeg’
application By asUs Ueg 3 case. s ag Uy
startFrom ByasgUs Ud G Wxme d) yzsllys
- g Usoece wxUjUzxdps UdelyU
startTime startFrom startTime;
B;OGUS Ud uUsdaw UL
StopAt VI U3Ua~eyUY3
. gidUsoege UUjeUUslesi
endTime A U WtepAt endTi me;
ge G} 6 3wl 3 U Us Ukday
deltaT UuU;seoeg’
ByasUs Us c6jhsae Us¥s’
writeControl Uy 3 U’eUUaUﬁsYUvs, v’
a¥dU cjye390e U U3
. ge bUdexyUh eyoUded ¢
writeinterval 0 gs3ilgUud e |rite€ditrol 8
] 8ayy Usesd,_ g Usaily ¥YsU
uys ;U01_8U3¥3 29U
aUUU&s w3 U’ 6 d d e Udases U
, QLJS”LVJGU:;UEUa]UdsofJUUJ;SdeJ@zG
purgeWrite daUUU=aRho268g9gd eU UesgysW
9goe99h yegbldbfhUsg e U
UyalUUeahoyv3 UasUs Ugl
Uds UaliclisU; o6 89U
writeFormat ByagUs Ud eayjlGe Uxs U
Joay)Ueadg Ualy) YeUs U
writePrecision UsaUi ~v0d aUs cjdlioce
¢ U wdteFormat e U 9aUdcey
. . EaUj o6 69Ua © U UsUy o
erteCompreSS|on U; UsieUs¥ys @Z}p@lﬁl c¥al
. ByasUs Ud ea8y Ge ollelgl e
timeFormat “"8g " UjJ¥YoesaUUs 25U aY
J ay4 Used, “~eg Ual} ¥Yse
timePrecision UaU&'Yuq oUs 6y dlisce
e U timeFormat. Ye U saUdcey
EsUjyo6 esUa e U  U3Uyo
Usg GgldUeeUUesd QU s
dictionaries controlDict, fvSchemes & U 9
runTimeModifiable fvSolution G qu Ujece aYd 3

U sUyy- esUUg’ adUes 6y e
Uy UeyUye9d ctd ¢
Usg U U

ms aveUUsose

heoU
bsbascedeosd EmpeSREFoaregd aUs By s i)

sdealUgtd Urs U

63U, GielGysU ¢U

Gi al0deU Uq

U sagUe Udd UGUjeesoed,
aUs gdUY Uds UO°

hUs 85 U UszUaeyUsd

Ky oUGaU Tg)sUsed

UU contebjDiot” Gvesy¥t 3 Ue

Gtas3Us U3Ugae

>Ushssigp UsHh

aUUaU0GeyYUrs
"YgUG. Ugyl

JjgoUy ssai,
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e 63 Ua 30 upplk sa@ilWgedehd Uryz U UsUseyUrs
z 863 Ua UosafheU 6 6petUdd 30U U sdgeatkp aUso¥Ys
i U0 U 30 Gg3sUcalGUs Us Uy ydimwdle sll' Jslalrs,Usf
Uy aUa 3U:
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force from pressure,

force from viscous,

moment from pressure @ U 9
 moment from viscous.

= =4

¢ 168 e g 8a62asU00Us zZhi'g U UvcE)yxaree WrBy ai o U
moment from pressure 8 Ungoment from viscous.
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dictionary controlDict. D& &1
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controlDict (~/OpenFOAM/run/pumpimpeller/system) - gedit

Avowypa * [

51

52 functions

53 {

54

gg 114111111111 Forces and Moments for the given patches //////// I/ FTHTITIEETTTEILETIEATAEATETELELTEELTEET T
57 forces

58

59 type forces;

60 functionObjectLibs ("libforces.so");
61 patches (blade_MainBody blade_Top hub_MainBody hub_ProblemArea shroud_MainBody shroud_ProblemArea);
62 outputControl timeStep;

63 outputInterval 1;

64 pName  p;:

65 UName Uabs;

66 log true;

67 rhoInf 998.2;

68 rhoName rhoInf;

69 CofR (@ ® 0); [/centreOfRotation

70 3

71
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3.6.1.2. prpbegy Udiad
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:~% pyFoamPlotWatcher.py log.run
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dictionary controlDict. B 9

controlDict (~/OpenFOAM/run/pumplimpeller/system) - gedit

Avolypa ¥ -

77

U JUalfdiegds ¥ i U grobesf @ U e

ayaUsd o

71
72 // Monitor Points
73
74 probes1
75 {
76 type probes;
77 functionObjectLibs ("libsampling.so");
78 enabled true;
79 outputControl timeStep;
80 outputInterval 1;
81 probeLocations
82
83 //inlet monitor points
84 ( 0.014 0.012 0.0075 ) // Point 1
85 ( ©.016 0.008 0.0075 ) // Point 2
86 ( 0.018 0.004 0.0075 ) // Point 3
87 ( ©.018 -0.002 0.0075 ) // Point 4
88 );
89 fields ( p Urel Uabs );
90 1
91
92 probes2
93 {
94 type probes;
95 functionObjectLibs ("libsampling.so");
26 enabled true;
97 outputControl timeStep;
98 outputInterval 1;
99 probelocations
100 (
101 //outlet monitor points
102 ( -0.01 -0.086 @ ) // Point 1
103 (o -0.086 0 ) f/ Point 2
104 ( 0.01 -0.086 0 ) // Point 3
105 ( ©.02 -0.085 @ ) // Point 4
106 (0.04 -0.078 0 ) // Point 5
107 ( .05 -0.07 © ) // Point 6
108 ( ©.06 -0.062 @ ) // Point 7
109 ( .07 -0.052 @ ) // Point 8
110 'H
111 fields ( p Urel Uabs );
112 1

aUslisyY U Usdoei3lUUs

controlDict (~/OpenFOAM/run/pumplimpeller/system) - gedit

Avowypa ¥ IHl

113
114 probes3
115
116 type probes;
117 functionObjectLibs ("libsampling.so");
118 enabled true;
119 outputControl timeStep;
120 outputInterval 1;
121 probeLocations
122
123 //internal monitor points
124 0.03 0.015 0 ) f// Point 1
125 (o0.0500 ) f/ Point 2
126 (8.06 -0.025 0 ) // Point 3
127 ( 0.86 -0.045 0 ) // Point 4
128 ( 0.05 -0.0675 @ )// Point 5
129 (0.0200 ) /f Point 6
130 ( 6.8325 -0.0175 0 ) [/ Point 7
131 (0.03 -0.04 0 ) // Point 8
132 ( 0.0125 -0.07 © ) // Point 9
133 ( -0.0025 -0.085 0 ) [/ Point 10
134 'H
135 fields ( p urel uabs );
136 }
137
- - o o @O 1
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controlDict.
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3.6.1.3. FpacbAvéragé & 8mhtchMassFlowAverage
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z U Udas y3Uy 3 Uas g Uy UzaeUUsd, Ueyiaxvd
postProcessing 0 Us 3 (Yo Usmse U&LgUa, ayUx U Ue
postProcessing/ patchAverage patchAveragel/ 0/ Uabs e postProcessing/
patchAverage patchAverage2/ o/ p e postProcessing/

patchMassFlowAverage patchMassFlowAveragel/ 0/ Uabs, U ‘asldids 3 UU s
haU UU U gUUeaytctO¥EUUTB ) liges BolewUd.

ZFUBc ecd8(iUa3U0UUs Usay sfreigg () tilhe paitbrevalagdl U o
patchMassFlowAverage 0 U @ dictionary controlDict. B 9 ay3aUsd aalU

o

U UsdoeisUUs GUss YasUsaU 6.

controlDict (~/OpenFOAM/run/pumpimpeller/system) - gedit

Avowypa ¥ [+

137

138 // Patch & patchMassFlowAverage

139

140 patchAveragel

141

142 type patchAverage;

143 functionObjectLibs ("libsimpleFunctionObjects.so");
144 verbose true;

145 outputControlMode timeStep;
146 outputInterval 1;

147 writeStartTime no;

148 patches

149 (

150 outlet

151 );:

152 fields (Uabs);

153 }

154

155 patchAverage2

156

157 type patchAverage;

158 functionObjectLibs ("libsimpleFunctionObjects.so");
159 verbose true;

160 outputControlMode timeStep;
161 outputInterval 1;

162 writeStartTime no;

163 patches

164 (

165 inlet

166 );

167 fields (p);

168 }

169

170 patchMassFlowAveragel

171 {

172 type patchMassFlowAverage;
173 functionObjectLibs ("libsimpleFunctionObjects.so");
174 verbose true;

175 outputControlMode timeStep;
176 outputInterval 1;

177 writeStartTime no;

178 patches

179 (

180 outlet

181 )

182 fields (uUabs);

183 }

184

185 ;‘f EEEEEEEETETEETETREETEERRTETERXRRERRRERERRTRRRRRRRERRX AR IR Rhxhhkkkhhxiki®*%x Jr‘;‘

EceelU 4@ 3 Ujpbtechdveragg o UpatchMassFlowAverage & U eontrolDict.
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"Yas Usa Bd A" Useodlid U 3 U ssehdistionariésy 3patchAverage o U s
patchMassFlowAverage.
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outputControlMode jjJesosah beegU g 8a609U
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TUde;aele;J Uvs d Usce

. . UOetUsst e UhcedlUsaf

writeStartTime N 03'3‘33¢\le 0, Usae00d

"1 88U s9aUoeymd Usce

By sUay d U agligrmsdlessUyU 4

patches g eacoslteasga Udd g
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fields g eacooWilewiwal U Ud
GgsyyuUdad.

3.6.2. Dictionaries fvSchemes a UfgSolution

¢ Udictionaries fvSchemes a UfsSolution GoaUg 8 ) (Gt ddoa Us
¢ ctytafiad axi@diBugpine U 6 fpam-extend-4 . O .

"3y hU0g " d
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"380U3ectUsi 3 BUUY¥Yaadal] ecpdU UGUyesoe, t G
U aegtdd 30U aUsUsgjoetUs U Us3z oaUeai UU;j e
Ujye esddgad®s pyad UU {3 sU Us etelaapce d UmlativeU i a ¥ 3
tolerance) , Uegd @ g3 UU a Unklékstign fastors) Y jodlisd g0 0 H U q U U
Ugfedddd ed o) dae(@NorOsthipgbdalCorectors)h” vd G Ua3 UUU:
" Uy Ua:¥Urxr
das Ua@ge e e a dlittignay wplution U ¢ axialTurbineo s U Uds U aagl(
dye UUas d .

a1 o Fields tolerance relTol relaxationFactors

1 D 1e-06 0.01 0.3

2 Urel 1e-05 0.1 0.5

3 K 1e-05 0.1 0.5

4 omega 1le-05 0.1 0.5

5 R 1le-05 0.1 0.7

6 nutilda 1le-05 0.1 0.7
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42. 1 3U0U3U030Ud8aU YayoeUUs(

Os3U U Hdellls UsbgdJOPU GUds g eacosltUsse } UgC
U aUliggyd Us UzU; UdtalUd Udd ai Gdd Usg IAEY:
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"go3l B4 cboyYh UpWagU ¢ UUUD cfpeew o d Useyd U
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™

aUs dU¥v) ci 3Us ocoogylBlBoaY ¢dloy ghdla ’ayosU
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Uddz3eooe3hedlid g edoacaolbsl Ugs aceads o9atlicis @i G4 f 3
FUds Uy psU0Wadk ssgyoadqdbo bUGsa¥ ho
“oyoeU U Uy »dddsy Ui aUsUsz GecUuUR3s aU

9Um Uy Ai'dedp 68 g} 2 a UdMebheegdgU 30 Ulss } wiba Qjme(ﬁﬂ]m.
G0ds g sd3N.@agUU ;1 Ue "~ ayoeU Uacdh EYoaUBBJ 5
Gt dlU0aU “oayocdli’) Wi oeeddcalodBgdqUogU3Usd
Ujecoesoayd GgsdealUd Ueg oUsesseptlUVded®asyy) &d
U Uy UaU0dUdis o2aB (U Uaey U 3@ 0 aolslld ey dUd ~ oy o ¢
Usdds gy Ugasoasi (HisylBeggUlkdg e ed Uy sdM) slied
i elrvy3sldzUg eUsheuUui 8. 8gly eslibyldedl d] asilles ac
edeUssoyd ~cUAUGIDamWad W) cs ®BUs  j s UgU
U 6 UUay toesU3 &) Ucase, Uaéuv UgUy GgseyaklsUUs
jUdtUsce dalesoag @awddqUUOJ, "ayOGUsd, Ulpgavwatdegd,
stlGcid,Uegp "’ 4)eba¢eesswL¢,GUgUUs hUs d 36 "a8g &0
efhsae yWdE ~ UUeigsserj; aseg UddUyske GU0ds
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Bs Useyd 95U Ud GecUOUaUGd Uxs “j3e8dosiclUsxy
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Uoydq ) UoeUUs s
1 ¢H§:yozaugec JHa~yoz—:UUhG H (m@ M(Nm)
1 50000 57227 38.27 1.541
2 100000 113817 40.25 1.525
3 150000 168293 39.89 1.537
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4 200000 204893 40.29 1.525
5 250000 263831 41.07 1.588
6 300000 317256 42.09 1.601
7 350000 354067 41.94 1.602
8 400000 381881 42.00 1.600
9 450000 444871 41.92 1.599
10 500000 519461 42.05 1.600
11 550000 548843 42.00 1.601
12 600000 596090 41.90 1.600
43
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maxSkewness (e U Ui jad Uset 3 U  hma@spéciRatir Gg ¥ 3. 1
Ui jed sUdd3F ey c328) UgsymlegstideUas UgUf, 0O s
hUs, ~ Uy hoas &g mixdlonGrthogdhaity & @ Gpamr@AM U U 3
so9Usas 69 UaUUs Fdle @i UdJUsy@tbd{asUsUUaﬂﬂc{s BECRVER:
Usee, salfe@®dllieds U rax)f]OItIaoFaces oOUamyPs g S‘UJstlQ

U a Uradd aUds O eBgdgadliEsnydhoU UU Uy Uzae UL
dgodB8dghfgas U ,adeyeia 30U cjydises 8sddei 3 oaU:

36 Foam: :scalar Foam::primitiveMesh::closedThreshold = 1.0e-6;

37 Foam: :scalar Foam::primitiveMesh::aspectThreshold = 1000;

38 Foam: :scalar Foam::primitiveMesh: :nonOrthThreshold = 70; // deg
39 Foam: :scalar Foam::primitiveMesh: :skewThreshold = 4;

40 Foam: :scalar Foam::primitiveMesh::planarCosAngle_ = 1.0e-6;

FeceelU Dy o9e8y9tesa GUU "eo9eUsayY cUjUaldyotUsay
utility U @ QpenFOAM checkMesh.
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cjelosee 3U oaUUU2; Ul esils UbsUta plidew yi)dad guy g U
g~ 6 U3 AUWkdpUId GUsalicsionary meshDicto sUy Udestddq Usg ~ ayoc
U h oU oltplt data, @ g JGyegmtlltlesuLQSFpelglonaUg’ )
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4.3.1. Dictionary meshDict

¢ @ U (dstioeafy meshDict, " 8 g 6} d0 9 ¢ al'Udgedgeaiioa s U0U s
GUBcee U83,54,55560 U908 hHhaUd 69 oayszUsd oaalUsils
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g

Usdoci 3B WUa 3
UosUefhy (0 mésDicttbelgi a s UUUs aUd3 '4eﬁ’YdUsU U
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Useyd, Uhle 'eg U0 "~ ayoelUUU uUU e @6j6i0Us
OgYa@@ﬁei Us g } 6 baee UUagnOrtheFaces) d - aylpdwfuq hU:
Ud s U skéap GetsIntersectingBoundary, 890 UsUlGyy dda U o

g eU3shUqUU 4. 1dq8=x )@ letdgdsoed

T U s ayewdddaiBaifcalRefinement) & U patches outlet 8 U s
blade Top,o0 s U Us | fpblesditicls €8 diss d

T 0 s ayas3 Us * 9 a ¥y dlocalRefineraanty U & J U patches
shroud_ProblemArea @ Ubub_ProblemArea, 0 s U Ue | hbadeU
edgesUvBcede YU¥3 40U Us 50

T U 9 ayas3 Us ~ 9 @y dlocalRefineraanty U s di Updiches
cyclic Topl @ Useyclic Top2 aUs 3 el dadidJsy 1t 3 i a3x¥l
ey 0y dbjeaRefinements, 0 sdJUecc3rvdgs Ubabsarxlidd U
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2.BjaalUdalU Ue eyoUded molpdas) faceslUvE3U sa@palaY
(localRefinementi Ecee ) ,5 3i d ofdaeseU¥BU a Uars1 3 ~6g by a

U ¥s3~yx O UUpatehessUldedy o U ¥ einlet) putiell dladé MainBody,

aa . ).

3. phddaU UsUsae 295U Us GeodeUUsliech ececsheay
Ulpatches Us g ~ Utaeg Uddwal (BougdarglLbyerfli Feee U

54 . zYeasuUU, UGei walFuhdiens ¢ b e-s e ik UU 3
Uysdefhd Uxs g eaUjvyevYUxs 00U 63 UsUshUU3 3
4. pdescgyoeddal esoaj3 e GGUay U “"ieas3vldd U

"1 ebadeUUssae Uj o6 okjectBefijementsw s rje @)U g5  (

99U Ud ¢ UnpondrthoFatks 3 Us Ud bUaUartd Udd
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meshDict (~/OpenFOAM/run/pumplmpeller/system) - gedit

Avowypa ¥ [+l

18
20

22 {
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
a7
48
49
58
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
731}

16!;***
17 surfaceFile "geometry.fms";

19 maxCellSize 0.0063;

21 localRefinement

"outlet"

cellSize 0.60007;

[ |

"blade_MainBody"

cellSize 0.001;

e

"blade Top"

==

cellSize 0.00087;
refinementThickness ©.0806;

[

shroud_MainBody"

cellSize 0.001;

Y

shroud ProblemArea”

cellSize 0.0007;

[

"hub_MainBody"

cellSize 0.001;

=

"hub_ProblemArea”

cellSize 0.0087;

e

cyclic 1"

cellSize 0.001;

T ey

cyclic_Topl”

cellSize 0.0007;

Y

cyclic 2"

cellSize 8.801;

e

cyclic_Base2"

cellSize 0.001;

e e

cyclic_Top2"

==

cellSize 0.0007;
refinementThickness ©.8817;

*****************;f

E 6 e &£3JSubdictionary localRefinement & U dictionary U @ meshDict.
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Fge GdgyUs OUU3i Wled@ihsd¢g cj UaydUfee oUsi Ul
UgsUUe 0i aadyd (keegCeltsdtersedtiigBmihdary o U o
removeCellsintersectingPatches i Ec e £58).

TUs Uyasd, ~UjyososaaUalUdas Ul gssah aadd ) ede hop aodl
Us ~ a%idJe Uy 3 U aresetgopiaSources i FceedF) , Ue @6 @caa
UgaYaUs Ue eyoUdada jUxlpatdted apelge Us yjs U Us
Udd oUveU0U0pwUdld eUoUai UULdg 0§yt oes «xa
Uy sddlaria oaUeast 3 Usg ~ ayoleolWibadilé g Wea U a:
cellSize * 6 g dduesdJ) Ul ecalRefinement "y e d Ud usvyaUUG(
maxCellSize, 6¥jad UsUooaUGUsay¥Y 3U Ud GdUYGegs

meshDict (~/OpenFOAM/run/pumplimpeller/system) - gedit meshDict (~/OpenFOAM/run/pumpimpeller/system) - gedit
Avowypya ¥ 1 Avowypa ¥ ~
74 122
75 boundaryLayers 123 keepCellsIntersectingBoundary 1;
76 { 124
77 patchBoundarylLayers 125 Eemove(ellsIntersectingPatches
78 126
79 shroud_MainBody 127 ;inlet"
80 { 128
81 nLayers 7; 129 keepCells 1;
82 thicknessRatio 1.1; g? 1 -
83 ou e
84 shroud_ProblemArea 132 {
85 { 133 keepCells 1;
86 nLayers 7; 134 } . .
87 thicknessRatio 1.1; igg {blade_hamaody
88 }
89 hub_MainBody ig; ) keepCells 1;
90 {
. 139 "blade_Top"
91 nL‘layers 7: . ) 140 {
92 thicknessRatio 1.1; 141 keepCells 1;
93 } :
94 hub_ProblemArea 142 }: . n
143 cyclic_Basel

gg ¢ nLayers 7; laa {
97 thicknessRatio 1.1; 145 keepCells 1;
o8 146 }

. 147 " lic_Top1l"
99 blade_MainBody 148 {cyc te_fop
100 { 149 keepcells 1;
101 nLayers 7; 150 ]
102 thicknessRatio 1.1; 151 "cyclic Base2"
163 152 {
104 blade_Top 153 keepcells 1;
105 { 154}
106 nLayers 7; 155 "cyclic_Top2"
107 thicknessRatio 1.1; 156 {
168 } 157 keepcells 1;
109 158  }
110 } 159 }

boundaryLayers & U dictionary U 6 g

E 6 e $3JSubdictionary
removeCellsintersectingPatches & Usoy 3 d
a & UleepE@ellsintersectingBoundary ¢ U @

dictionary U 6 meshDict.

E 6 e &4JSubdictionary

meshDict.
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meshDick (~/OpenFOAM/run/pumpimpeller/system) - gedit

Avoypa ¥ [+

111

112 objectRefinements

113 {

114 pointRefinementeight
115 {

116 type sphere;

117 cellSize 0.0003;
118 centre (0.0736145 -0.0491308 -0.00249976);
119 radius 0.001;

120

121}

meshDict (~/OpenFOAM/run/pumpimpeller/system) - gedit

Avolypa ¥ M

160

161 anisotropicSources

162 {

163 boxAnisotropic

164 {

165 type box;

166 centre (0.025 0.035 0.085);
167 lengthX 0.11;

168 lengthy ©.11;

169 lengthZ 0.02;

170 scaleZ 1.2;

171

172 }

1T3 [] *rkrkrhrhddkhkhkhkh xR R AR F R XA I IR K A KA X **H** [/

E ¢ e &6J)Subdictionary
objectRefinements & U dictionary U 6 g

meshDict.

E ¢ e &7 Subdictionary
anisotropicSources 0 Udictionary U 6 ¢
meshDict.

a3z U UgK Useodld subdidtomaries U &mpeshDict.

sy3>dq JTeaUsuUa

HU; 90) Ule

Ugasl3U9 Us 'ayosU U
eyoUded Uxrs eUaels,
GUsd 6y sUayd U sitGyYsUs
localRefinement oy FefinementThicknesse Ud ey a e U
U " hauuad U K Uds 6} sl
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o)
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a
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eUdeasa
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UG GUaasUs Ud U alelstd
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