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Abstract

Stirred tanks are widely used in chemical industries for fluid mixing, heat
transfer improvement, solid suspension, etc. These various applications of the stirred
tank encourage many researchers to study this device by computational fluid
dynamics (CFD). However, the near-wall grid size estimation for the stirred tank CFD
simulation is unavailable. Therefore, in this thesis, the near-wall grid size estimation
was developed by the definition of the dimensionless wall distance (y*). Further, the
appropriate CFD model for predicting the power number of the unbaffled stirred tank
driven by Rushton turbine was studied by considering realizable and renormalization
group k-epsilon turbulence models with and without curvature correction. The
scalable and standard wall functions were also applied to investigate the suitable
unbaffled stirred tank CFD simulation. The computational domain was simplified to
be 1/6 of the stirred tank. The Reynolds number for all CFD simulations was 20,000.
The pressure-velocity coupling algorithm was SIMPLE. PRESTO! was used as the
pressure interpolation scheme. The discretization schemes for momentum and
turbulence quantities were QUICK. The CFD models developed by three different grid
resolutions, including 47,820, 92,830, and 209,984 cells, were simulated to obtain grid
independent solutions. For model validation, the power number simulated by finest
grid level agreed well with the previous measured data. According to the present CFD
simulations, the results indicated that the present near-wall grid size estimation can

be applied for grid generation of the unbaffled stirred tank CFD model. Moreover, the

I



CFD model developed by realizable k-epsilon model with curvature correction and
scalable wall functions was proper for simulating the unbaffled stirred tank driven by

Rushton turbine.
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(%
=

Praeeildaluiauuu Rushton 6 luin (Six blade Rushton turbine) Wulusiauwaunu
$adl ddnsussdougunsieyunisdivsnzvadluinsevediva Anusiseuiimnzasy
Tug39 100-300 saU/W9 waglidedldimannguuuluinnieluiuinny 91nMsdaeenis
Ina 2 iR vesdwasluinuuuseiu 6 luiia (Six blade Rushton turbine) wanslass U#12.1
(n) axdunaiuitvedinadgluinainduuunazAuans uazgnineenluwuiwnusedl
[ [ ! 1% y [ [
nuagveatinavzgnuualu 2 @ menstunuainluiawansguuuunmsivanedaay

a

Faguil 2.2 ()

Actual Impeller Geometry.

The impeller is modeled by fixing
the liquid velocities in its outflow
zone based on measured data.

The flow pattern in the rest
of the vessel is then calculated|
using these fixed velocities

as a boundary con

(n) ()
JUN 2.1 wuuiaesnisivanuy 2 Sfvesieduniudundeusigluinedn Rushton turbine (1)

wansgUuunsivauuuduaivesdauniy



Y v

IngvaslnandAiavisdluadeglugianuusuisey (Laminar) vadlnadzgnians
TunwinukazuSANTINAY A1gUN 2.2.2 druvedivaiidardiavisdluaneglugisiuy
Jutu (Turbulent) vadlvaagialunuiunuiasiwisatueniy Aegui 2.2.3 1ngA1 Re ¥4

FINANAIUNTOANLAAIFNNTT 2.1 FILANAN9IN Re vasvadlnaluviensevaslnanill

ND?2
Re= —* (2.1)
u
e N Ao AnuFrseulun1sngu (rps)
D Ao LU uaudna1stusia (m)
p  Ae anuvwiwresediva (kg/m?)
U Aw ANAUNHANaTn (Pa/s)

- L4

‘:A

@

JUN 2.2 dnwarmsivavesvetlvaiilen Re aglurdisnislvawuunuiseu (Laminar Flow) finsgvinsie

Tusin

(n) ()

JUN 2.3 dnwarnsivavesvetlvaiilen Re aglurisnistuawuutudau (Turbulent flow) finseyinsie

Tusie (1) AuSTUWLASAT (1) ANULSIANULUILAUATLULLILAY



2.3 @un13AuAN (Governing Equations)

aun1sAuANdInTuvesluan dauniasendn “Navier-Stokes equations”

[
=

IngnaluudinisivavesveslnaazgnaluAumIsn NugIUN1eNIenIn 3 48 laun ngnis

<9

au%’ﬂﬁma (Mass conservation law) ﬂgmimﬁauﬁ{f’aﬁ 2 9991777 (Newton’s second

law of motion) kazngTedintlsvennasiulauiiing (First law of thermodynamics) ng)

¥

fugrumanienmmaitignihanldivdsuaunisgseuiusgesliiuaunisiivadin was

Y v

ANUNTORERIENNTAMSUN S Iavetvaslralanal

2.3.1 gumsaasaiiias (Continuity equation)

31NNYNNTBRSN¥IIATNGT331 "waliaunsaaswulniniegniaiula’ 3

(% L3

ATl sudNn1sANRBLE 8IS paNNTIUSNYIIad M5 USEUULL AR (Unsteady

q

state) vasvadlnanondqlile Tuszuunina1sA@eu (Cartesian coordinates) a4

aun1sn 2.1
dp ) a
—+—(pu)+—(pv)+—(pw)=0 2.1
ol (0 )+ay(p )+ (pw) (2.1)
=1
D)
dp
Wle p A9 AURUILLUTDIYOIlYA
t Ao a0
U Ao NWasANISIveveadlya
u,v,w A9 DIAUTENBUANUISINNULLILAL X, ¥, Z
AUAIAU

2.3.2 dunsluuuAyd (Momentum equations)
nnNsedeunvenasvesiiafuszyidn "Bnsnsldsusadlumuduvesssuy
WINAUNATINYDINTINNTENABTEUULAZ AN AN TWWA SULUAIMIUNATINYDINTY"

aunsluiusulufneasAdeuanusanandband @unish 2.3 D9aun1sn 2.5

(pu)+V (pul) =- — + aTXX PR aTZX “ + Sy (2.3)
Dt Oy
P =5 (PVHT(pvU) =-7 e aTW +2245,, (2.0)
- = 2 . —_ a_p E aTYZ aTZZ
p Dt at (pw)+V-(pwl)= ox T ax T oy ay . TSz (2.5)



d' = )
LB P A8 AITUAU
& v oA
T A8 AIULAULRDUY

Suxr Smy» Smz AD NDUVDILAEIN LA LULUUANAULLILAY Xy,Z

2.3.3 @un15Wa99U (Energy equation)

aunsnaenuazlannngdenvilivesneslulauninddeszyin "dnsinis
WaguuUaamdanuyesssuvgiiniudasuiiuenuieulviiussuuuiniudnsnisvieu
Milaessuy" wansaun snasulusuvemasumasnu E luiidaansndeu awnse

wandlaFEunsn 2.6
pRE . 20) 2m) J0m) | 8 (1T | D (1T | B (17T

Dt 0x dy 0z 0x 0x B_y dy E 0z
0x dy 0z 0x dy 0z
I(WTyxy) 0(WTyy) d(Wtyzy)
S 2.6
™ + ™ + > + Sg (2.6)
k) E A9 WAINUNYIULAENAIUIAY
k Ao duUsyansSnisunmnuseu
T Ao g
Sg D WABINEIIUDUY (Energy source terms)

2.4 szlgudanbavluluswnsy ANSYS FLUENT

2.4.1 szidauLdanatavululusknsy ANSYS FLUENT

= aa

J¥LU 88U Semi-Implicit Method for Pressure-Linked Equations (SIMPLE)

1%

<

szideudsiidunisAuIMawINALsuLaz AN n1eTuN1TI1a09 AmenISISUAY
W1ANANNA ULA N b UMW luann T uud Y nasanduazdnluwnuailuaunis
muANNTaduMInAnauYesEUINMsIaninannsAwInlign seideuisavau

FnaulumnatmnusuiaA Il [8]

=l a

521U8UTS Quadratic Upstream Interpolation for Convective Kinematics

! a a

(QUICK) 1Huszifeuidnldlunsusenaumauiumne ivsnueurenia lnessdouis

'
aa v

tlirnuwiugvasineuiigunzdmiunianiidnwauz dunsamnud



52108U33 Least-Squares Cell-Based tluszidauisunsgiunldlunisauiu

[
Add&[’y U a

InsiRguRvRIAIneUTAUIMlAnTINa1sUeInia seilisudsdlininensneuinestiey
waylviFnauiudugign
= ax . . I3 = ax
59108078 PREssure Staggering Option (PRESTO! Uusidauislunisuszunu
' v A a a ~ aad o ) ° a =
ANMNUAUTTUSNAYRUTRINSA Seilauddilindmsunisdnassnisinannnelulaiudl
NIIUYUMIBITULSY anvansinalianududou wu nsdnasnisinanislulylaay

Wuduy

2.5 nshuasuudutau (Turbulent Flow)

Snvarnisivaaruisand wiu 3 wuu auYavesaaiavssluas @ adu
Auduiuses usudey (Inertia force) wazusadosnaumie (Viscous force) Usgnau
lUaqgn1siva 3 3Uuuy Ae nsinawuusuiSeu (Laminar) A15inauuunsiug du
(Transition) ?fqLﬁuﬁmmimﬁwgﬂuuumﬂmammwL%BULﬂuLLUUﬁuﬂau wagrgUuuy
qmﬁwmﬂmuwﬂuﬂau (Turbulence) Winandn1ssUNIUTTUUVRINTIS A Y lAANIS

Inafigans wavlifiuuuwny (Random) Mssuniutuaiainanmsinavesvedlnaiaanie

e

=)

WHIMY3U5¢ (Roughness)

nsian1sivasvududiuduegiugnsidiuveiusudegsousuiesainanunia
Fagnuandlugurasen Re IAESITUYIRNTTUNIUTEULILABY Y anashavAdeqdany danali
n1sbranduanislvawuusuiseuag1aan nsinall Re d@99A1AINL2 08 v818AWUS
a ) a y ] al a < 1 Y
n15sunau wavdsuldidunisiinnistudau nisimdsunaziduiuulineda (Unsteady)
Y 1 P I wva M N a A a .
Wid1an1IsveUlnITAIN AN ILasAuauTRnTInaduaziifiAniaig i (Chaotic)
= LY 1 [y < y 1 = < &
wagldfiuuuau (Random) wansmang1en1sinausivesivavuutudiugaduilanduves

' [
=

181 ATHUNIUINADNITAIUIUT 1T TUADI91889ANUL5ITITIARTUY AD AIAIULSIEU

£ '
= 2 =

nau(U'(t)) devanfumanuduads (U) wldmanudfiintudaunisd 2.7
U()=U+U'(t) 2.7)
Tnevhluil 3 33nslunsudtymnisivauuuiuvau Suwsnidunssasadeies
Tnemss (Direct Numerical Simulation: DNS) azudlurunanszudlvaiuwuuiudauianun
Tnomss eeslsfina DNS deansdsiidianssanmgdlunnisdunaniesainvuinniadién

U YLUasAaNiIwes (Supercomputer) A3l WBaAAUABINITY nTzualnaIuvwInlvg

Y

azlasunisunlaluvuziasranuusnassnseualvaiusuiaaniyingu Asiasusendn "nns

Tavsnszialaluvuialng (Large Eddy Simulation: LES) Tusunislganunisiminsstag
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fsaemznansenuvesnuduriusuuludiuagldlasunisuily 38ganiesendn”
aun1sunies-alandiad vuealsgluan (Reynolds-averaged Navier-Stokes equations:

RANS)" 1130 "gunsuiies-alandiadanian (Time averaged Navier-Stokes equations) [2]

26 aunsundei-alandindesdiuad (Reynolds Averaged Navier-Stokes
Equations: RANS)

nslvauuudutuannsadiuasie auaudAnisivadundu (p) (nstantaneous
Flow Property) s?fqLﬂumaiaumaaﬂmauﬂ'ﬁmaﬂuaLa?{amm’am (@) (Time-averaged Flow
Property) uazAnauUfvaavasivaduniu (¢') (Fluctuating Flow Property) Wandsiqaunis

7l 2.8
d(D)=b+d® (2.8)

Felgmveananaisvesquandinigiva () uazanaisvesnuaudinising

W (@) wanalddsaunisii 2.9-2.10

Q= Ait OAt p(t)dt (2.9)
o = Alt o' (t)dt (2.10)

& 4 . o s <
n1sentsgluan (Reynolds Decomposition) U99A1NAY LINLADT AN LAY

AAUSIULULNY X v LAY Z @1dsauandlaneaunisn 2.9-2.10

p(t) = p+p'(t) (2.11)
Uit)=U+U'(t) (2.12)
u(t) =u+u'(t) (2.13)
v(t) =v+v'(t) (2.14)
w(t)=w+w'(t) (2.15)

Aaa a !

A5 11aLRA YN L AN WAVDINITLAIIEINITOMLAINAITUWNUN FNNITA (2.11-2.15)

asluaunisauauazltionvenatadedawanduaunisi (2.11-2.12)
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aunmsmusaLiosdmsunisivaasvemesiuasailduansaunsiagail
B, 0, N, D, N, D
o T35 P+ - (P + 2 (pw)=0 (2.16)
dp —
V- (pU)=0 (2.18)

aunshuusudgmsunsivaedsvasedluasamidlasnanuninmainansauniste

ol
WAL X
% (p)+ % (pu?)+ (% (pu?)+ % (paw)
L6 60) L] s5e e
i = (pW)+V-(pil)=- +v%0
(6T -2 (o) -2 ()] 5w 20
IR

2 o5 + 2 (opi) + 2 (052) + 2 (oov
50 (P0) + - (pvi) + 2 (pv®) + - (pow)

2 25
=-Truls +ua +uZl

0x2 oz 0z?

+[-2 (puv) -aiy(p(v')z) Z(pvw)|+Swy 220

2 (09)49-(070) =22 41725
E0) p (pV)+V-(pvU)= ay+uV \4

+[-%(pﬁ) ((V)Z) (pm)] +Swy (2.22)

WUILNU Z
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2 (ow)+2 o)+ 2 (owd)+ 2 (o
5 (PW)+ - (W) + - (pWi) + - (pw*)

2 (IW)-2)-2 (5 a2

o = (pW)+V-(pwl)=-2 +uviw

+ [ x (pm) i aiy (pm) . (p(w')z)] +Sy,  (2.29)

—(t o au;
‘ti(j)=-puiuj=ut (6_)(] +

E

2

laed p, Aepuvitdatudau (Turbulent Viscosity) ¥38138031 AUVLIANYUIY
(Eddy Viscosity) FUUAURUAUIINAMUFURUSHNENATT (2.25) AU NTouaunisi

[

(2.19-2.24) lé’ﬂugﬂmmammiﬁ (2.26-2.28) 9198

WA X:

o, _ _ - op ”-

a(pu) + V- (pul) = — o T Herr VAl + Sy (2.26)
WU

a , - ap 2

E(pv) + V- (pol) = ~ % + UepfVD + Syy (2.27)
WU Z:

d , _ - op ,

E(pw) + V- (pwl) = _a_z + Ues VW + Sy, (2.28)

108N 1, ABANEUUIZANSUTEANSNMAIUNLA (Effective Viscosity) @1115OUARNI

Hepr = 1+ Ug (2.29)
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2.7 uideiigatas

Raul Alcamo wagamy [1] ldvinsadrsuuudiaesdad uniuvialudvives
Fuirdouseluiinuia Rushton turbine Afiguuuulanuuiiuvu lasfuamuwuuth
894 large-eddy simulation (LES). $7uAULUUINa89 Smagorinsky Qﬂiﬂ’zj’Lﬁaa%fNLLum‘haaﬁ
galignuitaymvsevuinvessub-grid aeld CFD lumsudlumsiuinanuniinves Sub-

grid wag WiansiivadfneatunaansainnsAwia wazladinisusunialuusiialnanids

TnggnihunSeuiieuiu deyanisnaaedslinnannnisinainusivesnmeuyna

Scargiali wazamg [2] waranglavinnisnaassutiduniuwuulifidwines esan

& A

RUMAT

Jinuagldnuegiaunsvay wideyaannisnaassvesdsduniudnsluanysal
v & a sl o o 1 I3 1y Y o P o =

wlinsgiewsdimesndiny wu anusvesluie Tagldvinnisvaasaieiinisdne
NANTENUINMISEALVUINYDIITUNIU N1SUSUABLINIAUBI8 30NN MstRUnwazlud
HNTUATA1UUUYDI0Y FI91NN1SNABDINNANTIVINUNISIRUVUIASIU UNIUAINALANNS
UszanauAn faumas (Power number) gafuile falavisdluan (Reynolds number)getiu
d‘ % dl 7 y dl U 1 L2
deUSuidsurninvesdiduniulagianensiudsuniasdnsdiuanuaearasrailuds
L.Lazé’mwmwuaﬂuﬁwimﬁwhu@u&?ﬂmwaﬂﬁaﬁumu A INaR L aVTNNFIVD9 FILaUAN
§v50 savsdluantazlunstivaadatuniuniinUanaz e Unsavideaedetiuniuni

TufieUnsialnaesiun1suznicUn F99zinan1snaassuiaynIsUSsuisununa

ANS91899

Bumrungthaichaichan [9] lavinn1sAnw13sn1suseunuainialnanisdnsunis
$raomamansvosluafeiuaveuialalaay Gas cyclone) Tneddunounisusyann
AN3Adasy Ao MuunsiAUsznaurainusl (Velocity component) wazAdnuisaiade
anue (Total average velocities) Mi@auassnszusn (barrel) wazrosiindwieines
(Vortex finder) vaaufialalaau Ineiarsuninduiiugudnalsveslatevieniuans (O,) &
yualngnindusiugudnarsosionisesnsmeuuy (0,) 3ol dwdunsdliliduniiu
Audnataveslargviasua dvwnlngninduniugudnalsvesioniseanniemauuy i
nsfmuadulszneumIEkazauSedenaludiuvensieenisldnsines
7l 7 = he dunsdfiduihuguinansvesateviesnuans dvumdnnidusinugudnasues
YemseenmemeuUL TmstiruadIulsTneum Az S edomn Tudiures

N598 AIUAISITNITITADSNALAUIF AU Z. = 0.75h, TUTURBUTANIYININTAIUIA LAY
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158luAR AUYTVTEANING (Relative roughness) Tudiunsanssusn diunsie wagdiuvie

NoonN1nauUUTeslglaau LagniAdulsyand anudsaniunuuunuils (Fanning

friction coefficient: fr) INTUIIAUWIN y, (SrrriannutsdidnuansmuInvewadiiod

Y

[

Anduntds) ieussanarinugavasniainanilulalaaunsaudiu Fenuaaan3aing

pifaslAnviniu 2y,



uni 3

A5N15ALHUIU

3.1 STUUNNINISANEN

Tuns@nyiasell agvinsAnessuuvesdstuniusuuludvvimes AddUaauuu

'
}%4 1 s

ngnduiadeulagluinwuu Rushton lagdeilidusimugudnalsuazaiugs 0.19 wes luind

Y

v
(3 = v

HURIUANENATS 0.095 m UHUAANFITUIINGT 0.063 1T Wagkduruaugnae 0.07125

Y

was Tundaaugs AundawagAuuIYingy 0.019 wng 0.02375 LuAs wag 0.003

wns Auiliduruaudnasnglulazaiguanyiniy 0.0168 wWas uag 0.038 Lns laeguil

o

ANNGUNAU 0.027 lns wagdullanugs 0.127 wng lngaelidadiuvedaduniuuansd

JUN 3.1 dnsndruvesianay
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3.2 MSA3UUUINGDY

nsanwluadadldinisadruusiass 3 37 vesdeiuniu Waumsldlusunsa
GAMBIT Tneg 198 svunnuazdadiuvesdad unauaineuiseves Raul Alcamo [1] was
Scargiali hazang [2] Tu case 6 Tnpazynisulstuguresuusiasseenidy 1 lu 6 e

Talun1sdnananisiva

(n) ()

U7 3.2 (n) druveswuudaosuuuiiu (v) wansdiuvosuuudassuuy 1 Tu 6 di

A1519% 3.1 dAEIUVDILUUTIADS
H/T /T D/T d/D a/D b/H g/D f/g
1 1/3 1/2 3/4 1/4 1/10 2/5 4/9

3.3 AISHUSLALLURAZNISES19NIA
3.3.1. NSHUILALUY

L BYIINNTAS 19U UTIAD99VNN1SHU AL ULAZAS 19nS Aven 1T unduly

[
=

TUsunsu GAMBIT tneauddetiagyinisuislamuveasdaduniuiu 2 diu Aeusiiui
14U (Moving zone) LagUSLIUT AT (Stationary zone) UFLI0UA Ny U U TN U
asauAguuINluindsgun 3.3 TnenIavesiwmanayldniagunsavinmi (Hexahedron

grid cells) ﬁ\‘igﬂﬁ 3.4
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JUN 3.3 nsuddlaurasuuuinges

(n) (1) (1)
3U# 3.4 (n) wuudaesldlunisdnaeweinismaaes (v) wuuinaesignasian3nauda

(A) wuudnaesignuudeunisiva

3.3.2. MINTNUATNIISVDIULYA

MRUAANILVOULUAYBILUUTNADI1N LUTWNTH GAMBIT laamnuasinved

[y ! 1 v & Y [J { = < o ] (%)
dadruse iilunfawagseydadiunt (Face) veawuudnassinfisuiludadiula ds

AN 3.2 way 3.3

A15199 3.2 NSWUIENTIEUVRULYAYBILUUTIABY

YUA wall

Inner shaft
Shaft

Outer shaft

Hub top
Hub

Hub side




A5197 3.3 NISHUIANIZVBULIRVDILUUINEDY (71D)

18

$UA

wall

Disc top

Disc Disc side

Disc bottom

Blade

Blade back

Blade top

Blade bottom

Blade font

Blade left

Blade right

Tank bottom

Tank Tank top

Tank side

Moving zone

Moving left

Moving right

Stationary zone

Stationary left

Stationary right

3.3.3. N15USTUUAINSA

TunsUszunAINSARATLY999IWITEN

[y

UszanauAInIANIuN1TUsEYNA9IN

41U398U83 Bumrungthaichaichan [9] igifunsAuinmIAIAugevenIausnlng

W9 (First cell high) NUNISALINMT A1 y, IINAUNTTN 3.1 WALEUNITA 3.2

+ _ ypU\/ Cf/Zp
y u

0.3164 -1
¢ = Re 4
4

A9 sruen1nNulimiie

A9 S2LNINNNUIDIAUANITAIUIN

Y

Ao dnsuS1asluie (m/s)
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p Ao AnuMUILUUTRITediva (kg/m?)
U Ao Anunilnvesvedlua (kg/m-s)
Cr Ao skin friction coefficient

3.4 AsAneANUluddsEuadnsa
Tunsinwn3ndassveuuusiassdstununuulufidwmes nisdsusiuny
n3avesdatlunu Tnensiiinsiuiunia §ann5199 3.4 wazthunUSeuiisusiunanismeass
999 Scargiali kazAng [2] Fansiusiuuniatuszdedlidmanemneu wazyinssiass
meldanruazuuuiiasssidafoiusnelld fuuauuudiassaududiuiduia
Realizable k-€ Model #f s Tunilsfia Scalable wazidonidouluiudy 1y Curvature

correction TuN15AIAINITINAD

A519% 3.4 INUIUVBINSANNUAINUALLDEAVDINTA

FUAVDINIA ANTINSAULARIULUISAT FIUIUVDINGA
ASekuUasLaem (Fine mesh) 1 209,984
nIAkuuUIUNae (Medium mesh) 1.1 92,830
A3ALUUNYIU (Coarse mesh) 1.2 47,820

3.5 duuAgIudmIun1sasaluuIIaey
dmsvanuigulunisaiwuuiassvesieduniu msivawvuduliugndiassing
wuudnassnnuiuliu azgndiasdlaswtadudindu 1 lu 6 dw aruduluiiintuly

szuuunuulelelvsta nsdiasinislualndnilsgninasaselandumn
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3.6  n1ssnassnsualudeduniu
3.6.1. nsivuaReuleiisndulunmssiassnisiva
Turuideiidunisdaenisivaveseduaigniadion Tnsveslwadilélunis
$ra0enslmanieludiduniu fe th Feflaudiveveslnafulusinisd 3.5 lud
gaensivundeulunazveulnvesuuusasdatuniunay fvualiusina Moving

zone fiA11115299v (Rotational speed) 1u 9.12356 50U/3u ludiuassusinm

=

Stationary zone 1JuuZ1Iue N7 08 99 USIUAIBUBNYDINIY (Outer shaft)
muualrndaaaaun (Moving wall) Inefiieulvvesnisasliidnisdulaa (No slip) @
LAAIAN1IZVDULYATRINITINA0ILAAIN1919 3.6 uaziioulved cell zone tTulUds

A9 3.7

A15197 3.5 auvRvesveslua

audn fin
ANUNUILUY (Density) 992 km/m?
AR (Viscosity) 0.00065 Paes

A151991 3.6 @N1ITVOULUATVBILUUIIADS

GENIE [Rouly
Moving zone Rotational
Stationary zone Rotational
Outer shaft Moving wall, A213157 9.12356 SoU/3undl
Wall No slip

= °
A15197 3.7 NMSMUUAFA1IEVDIUU

UL AANTUYUANNLUILAY A

Moving zone KUY Z AMLLS2 9.12356 SOU/AUT

Stationary zone - -
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3.6.2. WUUIABIAL I UEULTIALaYVBINITINA09N5 A

Tua11AT8ENTAIALUUINEDINT WaLas SE D8 U avaLTakandba s

ANS197 3.8 WALANTIN 3.9 AUAIU

A15199 3.8 LUUI1ADILALHINTUNT

N1SAIATLUUINADY LUUDIADY

Realizable k-€ Model

Turbulence model
RNG k-E Model

Scalable wall function

Wall function
Standard wall function

Curvature Correction

Option

No curvature correction

AN5199 3.9 selauldeinavlglunisanasa

Usznm s lgueRaY
Pressure-velocity coupling scheme SIMPLE
Gradient Least Squares Cell-Based
Pressure PRESTO!
Momentum QUICK
Turbulence quantities QUICK
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3.7 MsWSsUiguNan1591a99NUNAN1SNAae99IUI8UBY Scargiali uaz

A
Tunsanwiazyhnsiisuiisunanissaseiiléainlusunsy ANSYS FLUENT 14.5
funan1IMAaeaInauiteves Scargiali wazane [2] Ineawflsufvanneieulavesdsdunu
TU lare impeller (Case 6) &slunisvimamansvesluademuiunisilssuiiounanis
1889 UNANISNAABINIUITEVBY Scargiali wazauy [2] axldn1sndennsiviSeuifiay

sErInmaYmasiuiavssluan [eguulliiaINaenAReIYeItayaN1TIIR0INILARIAS

=

UM 3.5 La¥N15NAa0I93Ie

3UN 3.5 HAMIMAER9NIUITEVR Scargiali warany WIsuTiguAmilavigs uazawsdluan



unii 4
NANISATLUUIIY

= .
4.1  NTANYINALRAYYRINTADETY (Grid Independence)
Tunisdransnamiansvadlve Auazdunvesnsalutladeni idinasoniy
WUUEIVDINALRAY WAYTLULIANTIUNITANUIN WNS1ERETUNSANWIANNALLDUATDY N3A

(%

dasyiatlanudrAyduegneunn wWeasliternuuliudivesnalnasuagaiuigauilaly
ASANUIUABNNTINRRILULAALASS REVNISANEIRIUNSIUSBUWIEU NSANY 3 kUL AB N3
LUUALLRUA NSALUUNAIY WATASALUUNEIU N1UI1UIMUNSTARITN 209,984 92,830 way

47,820 wWwaa AuaIRU

a ]

NKANITINADUIBNIITUINIUNITATUIAANAVAAILAZLALUINNHANITNAADIUD
Scargiali hagAmg [2] WUINAIFLAUMAINATLIULAINNTANY 3 LWUUNUIN N3ALUUAELDEA
warnsanuuUunans tadiaemaslnaldesiu uay unnanetuwdndeslunsauuuneu
= o = a f a a U a [y a
1 9YMN15US s U UL T UAIINAAIALAA DUVBINTATENIN NTALUUNIUAUNTALUU

a a v a = ' ¢ A A ya 1 v
azlden waznsawuuUIuNaNAUNIALUUaIEYn NUIUesIuANuAaIAIAdUTlATiA1TtDY
n31 10% asduanunsaaguladnaianuaaiaad oufiaiwialaaiuisagausulalunig
Amnssy ualunsdraesdlusuideiazidenldnianuvazidealunisdnasaietesiutigmd

Anuldnuueugiay (Numerical uncertainly) M913aziAndulaseninenisanany

A15199 4.1 A1PLAYIAIALINIA LULARLAINUALLDEATBINGA

AUAZLDYAVDINIA Tuaudevaa (Nm) fatavAIag
N3ALUUAZLDYN 3.624x10™* 0.844
nIAkuuUIUNaNe 3.767x10* 0.877
NIALUUNEY 3.377x10* 0.787




A1519% 4.2 AU T UAINLAANAAADUYRINISIUS HUTEUANNAZLEUAYDINTA

ANAZLRYNYINIATIUSEULgU

wWasldunumanAfou

N3ALUUAELEYA-UWUUUIUNENY

3.920

N3IALUUAZLDYA-WUUNEIU

6.821

4.2 LLUUﬁi"lamﬂ'mJ{']uiJ'au (Turbulence model)

Tuns@nwinisinasanamansvasluadsmuiudmsudaduniukuuliddvmes ag

YMNSITRUUTIABI M UNITINEDIINUA 2 LUUIIABY LI INLUUINADIN LTI UNTAIUINDY

AINARDANUBLUGIVDILUUINEDY IABKUUINEBINTLUNNTINaR9AB Realizable k-€ model

wa¥ RNG k-€ model @99¢11MN15US8UMEUNENIZLAEINY IAYLARTLUUINABIILYINNNS

Napinun 4 nsal Ae nsaAlUAsuNeATuNTLaznsalfly Option Curvature correction

Tun1smunfm1se 4.3 uag 4.4

A5199 4.3 HAYDINITATUIN FRLATAAINLANNNANITINAD

o & L o v Iul’uuﬁ / o /
LUUINEDN ﬁanﬂuuwue n1sdsumn g AIILAVNIAN
niua (Nm)
Curvature
3.624x10™ 0.844
correction
Scalable
No curvature
5.815x10 1.354
Realizable k-€ correction
model Curvature
3.600x10 0.838
correction
Standard
No curvature
5.826x10™ 1.357
correction
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AN5199 4.4 HAYDINITANUIUFIATASINAAINKANITINADY (D)

. I o . JENEI] . .
LUUINEDN ﬁ\?ﬂ‘lﬁ«!&lﬂ\i n1sdsuLn g AIILAVNIAN
Nn9iun (Nm)
Curvature
2.959x10* 0.689
correction
Scalable
No curvature
4.628x10* 1.078
RNG k-E€ correction
model Curvature
3.209x10™ 0.747
correction
Standard
No curvature
4.763x10™* 1.110
correction

o [

INN1TI1809NIUUA 8 N3l A=lAAT Total Moment kaz1IUIAIUIUNIAIFIAVAIRS

' A Yo v v ~ ° ' AN a A v A
PRI AZNSALAMINITIT19F U FI1NNANITIIa09INUIN nsalaanididauluCurvature
correction Tun15AUI WUUI1A99TA RNG k-€ model aglviadaumadntnasfgsiu
A157AaBIUINNI1 Realizable k-€ model watun1andunu wisludanltidauly Curvature
correction TuN15A1UIRM WUUINADIYLIA Realizable k-€ mode; NaUlBANALNALALINTT

RNG k-& model

dl' % LY 4 I3 1 o ] d‘ ) £ a = (Y] I
W DA 19ABUTISYUINYBIANULS L ULAAL AU B B U TTUS s U s Ui USENINg
WUUINABITNA Realizable k- 9114 Curvature correction AULUUINABITLA RNG k-E9 b

Curvature correction kag WUUI1a89vAMARealizable k-€7 kT4 Curvature correction fiu

v

WUUDN809919 RNG k-€ 91 bil% Curvature correction ©4%149 4 nsaidaglolandundawuy

WAenfiufie Scalable wansnanisasaneuinveaUsuIuASIEAIUT 4.5 wazguil 4.6

Y



(n)

z=0.103m

z=0.036 m

z=0.063m

z=0.07725m

@)
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z=0.103m

z=0.036 m

z=0.063m

z=0.07725m
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U7 4.1 Aewvnsuunnanusa Velocity magnitude veswuudnaesiiian Curvature correction (1)

LUUINa0uiin Realizable k-€ (V) WuUI1auUA RNG k-E

e?famﬂgﬂLLammsm%amﬁawmmmmL%“Lul,wiawi’mmaﬁﬁ: UTNAATUUUEY (z =
0.103) fuasveasluie (z = 0.036) NINasAan (z = 0.063) WINANSU (z = 0.07725) Lay
Nanansluie (y = 0) audiau Tunsdflduuuiassninud uliueiln Realizable k-€
model waz RNG k-€ model #il4 Curvature correction wagldilsridunisndn Scalable Wia
finsananguiishuwmisinagnuin Tuunaduuusy fuarduia dinaisdu funeves
mnusreutdlndifesiu udiiloguanewiiveauudiassaudutau RNG k-€ model
Tushunsrinansiian azfiuinanunivesvesinaluvinailndluinaziianusgani
wuusiaesmudulau Realizable k-€ model F1a1nnan1s31aeansalfild Realizable k-€
model {IA1 ALaVAIAI61991NN1991899 0.035 (4.37%) WAz AAUNIFININNANITINADY
n3eTld RNG k-€ model fidndn9a1nnisvaass 0.119 (14.78%) Fadiasnetufisadniios
wirduluegesnsdl ossnnsiduuusassmudutufiuansetu Seflaunsildlunis
fuaRaRasiwansetuTIie SweunsiuAeaunisnsaneleu (Transport equation)
Tuweuves W, A sAwndidstuluusazuuuiiass Ssdwalinsfnauiuainusad

ANYAUENAAULNATUY



(n)

z=0.103m

z=0.036 m

z=0.063 m

z=0.07725m
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z=0.103m

z=0.036 m

z=0.063 m

z=0.07725m
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(n) y=0m (v) y=0m

JUN 4.2 Apuiiasunauga Velocity magnitude veauuudnaesfiliiiden Curvature correction

(1) kuUIaeuin Realizable k-& (¥) WUUI1@DIVHA RNG k-&

nsailauuusiassmutulaukuy Realizable k-€ model wag RNG k-€ model 7

laidenld Curvature correction wagldilardunisuiin Scalable wofiarsanainasuiis
YUINVDIAULEIE NS UL UTIaeIAud utauaiin Realizable k-€ model vasvasina
Tugaslndluinaziinaudifinindn RNG k-€ model wazanunsiraslnanidsvesdstiuniu
AU RNG k-€ model aziinuiiivosvasivaiisinit Realizable k-€ model &391nwa
11981809n367 19 Realizable k-€ model fA161av8951991AN15NAAB RS 0.546
(67.45%) wazHANIIa0INIEAlY RNG k-€ model farfafdswiseinnisvaass 0.269
(33.26%) \fosannslduuusiassauilutuauasi dwaliinisfuiauesaunisnig
dngleulumenves ety uilunsalinduifunanissiansues RNG k-€ model #Alnden
wamsnaassunndt osnnidunsdillalld curvature correction lunsdiuamiteg wi

RNG k-€ model Safimenvas W, MnseunqulunsAuan Swirl dominated flow Javirlvina

N1591889U84 RNG k-€ model W lNaAIRLaTANRINNNITNAADININNTN

wazid et uf 4.1 (n) war3un 4.2 (n) unUSeuiiisuvuiavesainmiluuday
s agnuInnsalfldly Curvature correction Anslndniavesdsduniuazani
N ag v . 1 < Y v o o y [
n3aily Curvature correction ag1uiuladn lasnan1sinassveskuuitasin1stuliu
Realizable k-€ model nsei#ld Curvature correction IANAILAUANGIH1991NN1INARBY
a1 o o v 1

0.035 (4.37%) uinsaifildld Curvature correction dAdlavfdesnaannnisnaass 0.546

(67.45%) 1119499710 Curvature correction L uianunazareliuuustaniaud uliu
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a1u150AuINIsanilanulaslewiug1899u Tae Curvature correction A1 k Tuaunis

msonglewdawalilumenves g lasumsdiulsslimngauiunsdiaesnndedu

A o = ~ ° y | P v ¢ < ]
WHI9YINNNSHUS s U ULUUINa09ANNTUUIUTALES19ABUTISVUIAVDIAINLULS I L ULH
avALU NN USsUWBUAUSEINg Realizable k-€ model 714 Curvature correction
U RNG k-€ model 914 Curvature correction wag Realizable k-€ model #laild Curvature

correction U RNG k-€ model #lidl% Curvature correction #alasunistananduniakuy

Standard s 4 nsél Fanslanalulufienadenfuiunsanldfasdundedn Scalable e
Wisuiisuauinanasivesnslduuusiassmnut ulausening Realizable k-€ model
waz RNG k-€ model 71l Curvature correction azlinataasfiuanasiudniiosdaingin
NaUBIIEN1sALINENNISaeleaw (Transport equation) UeduAazLUUTIABTRaRY ile
Wisuisunislduuusiassnanud uUausening Realizable k-€ model wag RNG k-€
model ﬁhﬂi’f Curvature correction 3¢ UIINANI531809989 RNG k-E€ model %ﬂﬁmﬁ
Tn&LABITUNITVIAGEIINNTIINANITI1a83789 Realizable k-€ model iiaannivanves KL
Tuaun1snisaneleu 484 RNG k-€ model fiasauagalunisAiuaas Swirl dominated flow
wanidlevhnsssuifisutunsddugiilduuudiassnsiutiusas fedduniasertuild
Curvature correction wazlily Curvature correction 5ﬂﬂdiﬁmalﬂiuﬁﬁw1\‘iLﬁﬁﬁﬁuﬁanﬂ
ns@ifild Curvature correction azliiA nanissrassiilndidssiunisnaasaniinsalaly

Curvature correction L@u®
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Tuduvesileddunda (Wall y*) fedudndrundafidmnudifaluresnisdiuanm
NaLRAETBIN1TT AR TkuE v Anssunsivauuututuuinalnduluasdidemase
Uszansanlunisiunasandae annissaeshnsdieuiisutaiduniaimun 2 nsdl
fio Scalable waz Standard wasiUSeunisunaven1ssiaeeIual vt wavAflavids 7
mualdneldnisimnunannzveauuiiaedunsdeinge edunsailrdunldmasdidls

funalaas F9Aavnias alevinnissrasuduluminisen 4.3
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3UT 4.3 apuiihsan y” vesuudtaesiidmuauuinaesrutuliume Realizable k-€ model Wag

\d@8n Curvature correction () Scalable wall function (%) Standard wall function

Ql' o ¢ ] i ° Y ° y ! a
"\]’]ﬂ?ﬂ_h/l 4.1 LAANIADUNITVDIAN Yy ﬁ]qﬂﬂqiﬁ]qaaﬂmisﬂLLUUQWﬁ@Qﬂ?WNﬂUUQU%u@

Realizable k-€ wazidonidouly Curvature correction (n) uansnauiasvas y* AldHeidu
N9WUU Scalable wall function agwiualiian y* geanegluyia 31.5-32.2 (1) wansnau
vhiues y* e Funtauy Standard waglien y* geanedil 31.5-32.2 iwudu ievan
Wisuisuuasiiuing v* geanvesisanensd WanillndiAsatudiilélunisdiunie
30 WeAnTuesidudmuaaandeustlurag 5 - 7.33 Wefldud wazdumisnsiine
y* aaansuiatulusunisilndidsstudendsudouiiu duasidaiasansdliend
TndiAsstuuegrannduiu fafulunssasduadsdamnsadentdlés faidundauy
Scalable wag Standard \flosanlsinanisdrassifinnmusugnindifesiu uazannisaiin
AR tuildukauanmsUssnamvesnissians

wagiilaldisnsdnansuuuliuualilden Curvature correction Ka¥8IN1TINADIVE

Viaeansallian y* geaneglugag 31.5-32.2 iwuiiu agLiudnaues y* aanvednienauriag

[
= 1%

aglutinfiuuaziumifiiniuadeiunasundneuzrsinmsianewinsiunduiniu
WANFAIAY AINIIAULANANTAATUT LT UNALIINNISUTEUUAIYRINTINa0d Lalladu

NAaN1INANTLA BN TYWINTUNTY wazluyNUaNAYINUKIIZVIINITLUR SUBUUINABIAIY

(%
v =

Julaudu RNG k-€ Adeaalvnanisdiansludnuazife1nuny Realizable k- f91u34

a3u71 lunsdnaesvesaddedanunsaldflendunidalans 2 nsdl udnisidenlyileidumnds

v a o

WUV Scalable WuazmuIzann vl 9991 duilan TuNT IR WaluIN191n HanFunawuu
Standard {A31uEANE WUNINNIINMINTNITUTURAINTAkaEE1vIndlA y* doundn 11

HeAdunderialildenddvinnuuiudivesnanisauined uazaseuaqulifenislvand

ANWAULTULDULINVUDNA I
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A3UNANITNAARILASUBLEUD LY

5.1 @a3unan1naasg
AINATANEINTHAILILUUIIBDINAANE ATV aLTA U dns Ut atunuwu Ul

figvesiduaduselutuniusin Rushton turbine Fednarusnsevasdeduniugedaun
9N9UITo89 Raul Alcamo Tunisanwnarmaniveslvaliuinmesnuidedanwiiu
TUsunsu GAMBIT dadulusunsuildlunssransiaseadteanuiin msuuslaau waziivun
yaunanMzvesdaduniy warlusunsy ANSYS FLUENT 14.5 1ulusunsudmdunissaan
Sumpumssaninsinanieludaduniu evhuienaasuazfunm @Y d1ves

Juniu

ASANYISUAUNNITASIUUTIIEIUNR A1SUULALIY LazNISANYINITUTEUN

nsatudatiuniu ImammﬂﬂmLuumaﬂﬁﬂﬂumu%gﬂLLﬁquJu 2 @ AvUSAIMYU (Moving
a a Qll . 1 1 a I3

zone) kagU3LIUT AN (Stationary zone) TudIuveIN1TUTTAIUAINTAUTEYNANIDIN

41338v89 Bumrungthaichaichan [9] #15150ATLIMAIAIINEIVDNYAGLINAINHTINA Y

1.98 LazdINUIUVDINTALUVALLILA NSALUUNAN WaTNSALUUREIUWMNAY 209,984 92,830

WAy 47,820 1988 MIUAIAU INUUAINUAFNNILIBULIAVDILUUTIABINIT UNIU AT

Uszanarn3nvesdaduniuy Winan1sdnaeddndifisaiunanisnaaes deudsasulann 383

1%
Y

Uszanauansanntdsvesdeluniunussendunainauideves Bumrungthaichaichan [9] Uu
anunsalszgndldiunisdiasinisivanisludesduniuills wazvinisfnwisialuiate

samaluil

nsAnEn3ndase TnunsiUssuliiouaAfae g weinanIssasdann3neany
LUURURANISVIAGe 9NaaINNITIIaesRonsauuUazBenlinanIssiansiilnalAss funis
Vlﬂﬁﬁ]ﬂﬂ’lﬂﬁﬁiﬂ Fan3auvunarsuazn3auuuneuiiUesidunisrainpasuvessaiaeiids
TunN3ATEMINNNIALUUNENUAUNSALUUAZLIEA WazN3ALUUUIUNANAUNSALUUALLDUALDY
N1 10% %nﬁqmagﬂuﬂmﬁ%ﬂé’mﬁmﬂsiu Lezmsanwreantidenidnsauuvarisenly

NNSANWIND
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seundunisAnwinissiassnisivasauua 8 nsil Aennsinassnamansvadlnalls

AuudnsuastuniIu tnglgwuuiiassmnutuUliu Realizable k-€ v19vum 4 NSl A
nsmnlgianTuniiady Scalable wall function 2 nsal AslaHefdu Curvature correction
wazlald Curvature correction wagltfandundawuy Standard 2 NSl TagwU By uLRetU

nseInbgHantuNdakuy Scalable @wsudn 4 nsalvinisinasdagltkuuiiassnnuduliu

U RNG k-€ Toenusnsalwunendunisianuudtaosnnuiduliu Realizable k-€

dlovhnsiUieudisunanissiassseninansdifilduuusrassemnududiuseiy ueld
fafuniaasfastuientu wurwanissrasdunsaiflduuusassanudutudisnsiuns
Seulvduqmiloutu Weandiavidminuanissiaesiilnddestu wiauiuanusafiinen
mMyaeslidnuwazdiiudndes Wesnndunavesnsewinmesaunisnisensloulumen

Y04 H, Aiginariu

RN US BUT B UNANI591a895E WA 19nTaIT MHeR U Curvature correction
wazlylld Curvature correction melduuusiassautlutusasilsddundminfentu d
nwansPaeslunnnsallimalulufiamadeaiu de msldilendu Curvature Tunisdnaes
Fatlumu dsalimiavidsannissiassdimlndfssiunanisnaassuinninsan e
Wangu Curvature correction Lﬁaamnm'ﬂ% Curvature correction d@9uanoA k Tugunis

nsanelew dewaliluvenves p lofumsuSuugdlivmgauiumsinaesnndstiy

WeyNSUSuguNan1391809581319n AN LY HenFunilaiuy Scalable waz
Standard nelauuudnaesnnuiutiuiasiandudeniu Finuanisdtaedunnnsilvina

Tluiiemafediu Ae A1 y* gegalvailnalAesdiuamldlunisAuine 30 wasiuwmi

' v
S (% CY

nsiinan y* asaniuiavuluduriailndidesiu Fadnvagranisiinnouiisnaneiuny
LARINASUTEUNIUAIUDINTTINEDY AstulunsInaestuaTatarusadanty lanalantuNys
WUU Scalable kaz Standard wall function tHasa1nlvinan153NaendaNuklug lnaLAes

[y

AU
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5.2 ULdudLUY

1. TwtunaunsasenInduveinsmMuAN1ILYaUINAISIVUALIATEUARUYN

dufdinaronaagian1syinuignaas Nklugwarlnafesadinueuin

4

2]

1

2. afldnnnmesesiuinanmsteyaiildannsnlslinansmaaeshu fady
nansnaaesildlunisiisuiieuiuenainmunaiandeuiuls

3. msfnenIssasanamansveslralundnsudslununuuldiicvines
Meld Faunsluandug waziwanissiaesnUieufisufunanisaaes

WAL W OTZaNN301 NN IATIZRANULANAIYBINALRAELALUININAILY

Y
a =

wUUIaBalAaIuNsavinueaununs waneludauniulano s

4. TunsAnwiumsinisdiasawuudassuuiiuiaielidnwugnsivanse

va aa s Y [ a v a
audamad@ndunusenisinalAesiusssurirvesdsduniuuniign
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A1SAMUUAFNILVDULVAKALISNNSAIUIIUTUSHATY ANSYS FLUENT 14.5 Tunns

Fravanslravesdeduniulagld Scalable wall function wagldlana Realizable k-€ 1u

nsmwaazuuLdu 2 nsdlAe nsalfdinisly Option Curvature correction waglalld

I
Y [

Curvature correction Tun1sauIu Inedidunausail

#%5U Curvature correction

1‘1J‘1'7il,mé File > Read > Mesh > finemesh > OK

3U# n.1 Junauns Set up

3U% n.2 Junauns Set up



d2uva49 Solution Setup

iﬂﬁ General > Scale > Select > mm > Scale > Close

UM n.3 Tumouns Set up

UM N.4 Tumouns Set up

—

3U# n.5 Yunauns Set up

40
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-

3U% n.6 Tunauns Set up

Ul Models > Viscous > Model > idon k-epsilon (2 egn), Realizable, Scalable Wall

Functions, Curvature Correction > OK

3UN n.7 Junauns Set up



I
]

3U% n.8 Junauns Set up

Ui Materials > Fluid > Fluent Database > water-liquid (h20<(>) > Copy > L&an

Density 992 kg/m?, Viscosity 0.00065 ke/m-s > Close

3U% n.9 Yunauns Set up

a2



5UT n.10 Fumeunns Set up

(-

U n.11 Fumeunns Set up

I
[ 1

—
UM N.12 Tumaun1s Set up

43



. , =
5U7 n.13 Tumaunis Set up

U7l Cell Zone Conditions > moving-zone > Edit > \dan Material tJu water-liquid,

Frame Motion, Speed 9.12356 rad/s > OK

5Uf n.14 Fumeunns Set up

44
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-

U7 .15 Fumunns Set up

1Ufi Cell Zone Conditions > stationary-zone > Edit > \den Material \Ju water-liquid >

OK

5UT n.16 Fuseuns Set up
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=

U n.17 Fumeunns Set up

U Boundary Conditions > #us mesh > fiun modify-zones > W mp > Periodic
zone fiuN 11 (Moving-left), Shadow zone #iusi 10 (Moving-Right) > Rotational periodic

WU y, Create periodic zones NN y

Preparing mesh for display...
Done.
mesh

/mesh> modify-zones

/mesh/modify-zones> mp

Periodic zone [()] 11

Shadow zone [()] 18

Rotational periodic? (if no, translational) [yes] y
Create periodic zones? [yes] y

all 836 faces matched for zones 11 and 18.
zone 18 deleted

created periodic zones.
/mesh/modify-zones> |

5U7 n.18 Fumeunns Set up

U7l Boundary Conditions > fisis mesh > fiui modify-zones > fisli mp > Periodic
zone AU 5 (Stationary-left), Shadow zone fuW 4 (Stationary-Right) > Rotational

periodic A3 y, Create periodic zones WuW y > AUW q > WUN q



zone 10 deleted

created periodic zones.

/mesh/modify-zones> mp

ToIT >

Shadow zone [()] &

Rotational periodic? (if no, translational) [yes] y
Create periodic zones? [yes] y

all 3368 faces matched for zones 5 and 4.

zone 4 deleted

tod 3odi
/mesh/modify-zones> q

/mesh> q

sUT n.19 umauMS Set up

U7 Boundary Conditions > outer-shaft > Edit > l@®an Moving Wall, Absolute,

Rotational, Speed 9.12356 rad/s > OK

5UT 0.20 Fumunns Set up

Illjl —1

.
3U# n.21 Fumeunis Set up

47
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d2uv99 Solution

1U#i Solution Methods > Scheme 1&an SIMPLE > Gradient \&en Least Squares Cell
Based, Pressure @00 PRESTO!, Momentum waen QUICK, Turbulent Kinetic Energy aen

QUICK, Turbulent Dissipation Rate tdan QUICK

5UT n.22 Tumaunis Set up

1U# Monitors > Residuals — Print,Plot > megawmagﬂ%aﬂ Check Convergence a9n

y199Um > OK



35U n.23 Tumaunis Set up

 m—
U n.24 Tumaun1s Set up

1‘1J‘I‘7i Solution Initialization > Initialization Methods t@an Standard Initialization >
Turbulent Kinetic Energy 0.01 m?/s?, Turbulent Dissipation Rate 0.001 m?%/s® >

Initialize

49



1

5UT .25 Fumeunns Set up

1‘1J‘1'71' Run Calculation > Number of Iterations 50000

5UT n.26 Fumeuns Set up

50



51

d2uv949 Result
1‘1J‘17i Report > Forces > Set up > Moment > Moment Center \den (0,0,0), Moment Axis

\@en (0,0,1) > Wall Zones @anyanungniy tank-bottom, tank side wag tank top >

Print

—

U .27 Fumunns Set up

—

5UT .28 Fumuns Set up

—

5UT 0.29 Fumeunns Set up



52

dmsunsallaly Curvature correction

1‘1]‘17]IL3J1'§ File > Read > Mesh > finemesh > OK

5UT n.30 Fumunns Set up

5UT n.31 Fumeunns Set up



d7uva4 Solution Setup

1‘1J‘1'7i General > Scale > Select > mm > Scale > Close

5UT n.32 Fumeunns Set up

5UT n.33 Fumeunns Set up

—

5UT .34 Fumeunns Set up

53



-

U7 n.35 Fumeunns Set up

U7 Models > Viscous > Model > idon k-epsilon (2 egn), Realizable, Scalable Wall

Functions > OK

5UT n.36 Fumunns Set up

54



U7 n.37 Tumaunis Set up

Ui Materials > Fluid > Fluent Database > water-liquid (h20<(>) > Copy > L&8n

Density 992 kg/m?, Viscosity 0.00065 kg/m-s > Close

gﬂ‘ﬁ .38 TuMaUNIT Set up

55



U7 n.39 Fumeunns Set up

(-

5UT n.40 Fumeunns Set up

|
1

—
JUN n.41 dupeuns Set up

56
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5UT n.42 Tumaunis Set up

1Ufi Cell Zone Conditions > moving-zone > Edit > Ldan Material 1Ju water-liquid,

Frame Motion, Speed 9.12356 rad/s > OK

5UT n.43 Fumeuns Set up

57
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m—

U7 .44 Fumeunns Set up

Ul Cell Zone Conditions > stationary-zone > Edit > Ldon Material 1Ju water-liquid >

OK

gﬂ‘ﬁ .45 TunaunIs Set up



59

=

U7 n.46 Tumaun1s Set up

1U# Boundary Conditions > #us mesh > fiun modify-zones > W mp > Periodic
zone fiun 11 (Moving-left), Shadow zone #iusi 10 (Moving-Right) > Rotational periodic

AU v, Create periodic zones NN y

Preparing mesh for display...
Done.
mesh

/mesh> modify-zones

/mesh/modify-zones> mp

Periodic zone [()] 11

Shadow zone [()] 18

Rotational periodic? (if no, translational) [yes] y
Create periodic zones? [yes] y

all 836 faces matched for zones 11 and 18.
zone 10 deleted

created periodic zones.
/mesh/modify-zones> |

U7 n.47 Fumeunns Set up

Ui Boundary Conditions > us mesh > fiun modify-zones > W mp > Periodic
zone AU 5 (Stationary-left), Shadow zone fuW 4 (Stationary-Right) > Rotational

periodic Wui y, Create periodic zones W y > AU g > fuN g



zone 10 deleted

created periodic zones.

/mesh/modify-zones> mp

1Y 2

Shadow zone [()] &

Rotational periodic? (if no, translational) [yes] y
Create periodic zones? [yes] y

all 3368 faces matched for zones 5 and 4.

zone 4 deleted
. s g

/mesh/modify-zones> q

/mesh> q

5U7 .48 Fumeunns Set up

U7 Boundary Conditions > outer-shaft > Edit > l@®an Moving Wall, Absolute,

Rotational, Speed 9.12356 rad/s > OK

U7 n.49 Fumeunns Set up

Illjl —1

(|

gﬂ‘ﬁ N1.50 TumaUNIT Set up

60
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d2uv99 Solution

1U#i Solution Methods > Scheme 1&an SIMPLE > Gradient \&en Least Squares Cell
Based, Pressure @00 PRESTO!, Momentum waen QUICK, Turbulent Kinetic Energy aen

QUICK, Turbulent Dissipation Rate tdan QUICK

5U n.51 Fumeunns Set up

1U# Monitors > Residuals — Print,Plot > megawmagﬂ%aﬂ Check Convergence a9n

y199Um > OK



5U# n.52 Tumaunis Set up

—l
U7 n.53 Tumaun1s Set up

1‘1.]17i Solution Initialization > Initialization Methods 1aen Standard Initialization >
Turbulent Kinetic Energy 0.01 m?/s?, Turbulent Dissipation Rate 0.001 m?%/s> >

Initialize

62



1

5UT n.54 Fumeunns Set up

1‘1J‘1'71' Run Calculation > Number of Iterations 50000

5UT n.55 Fumeunns Set up

63
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d2uv949 Result
1‘1J‘17i Report > Forces > Set up > Moment > Moment Center \den (0,0,0), Moment Axis

\@en (0,0,1) > Wall Zones @anyanungniy tank-bottom, tank side wag tank top >

Print

U7 n.56 Tumaun1s Set up

—

5UT n.57 dumeunns Set up

5U7 .58 Fumeunns Set up
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A1SAIUUAFNILVDULIABALISNNTANUI I UTUTWATY ANSYS FLUENT 14.5 Tunns

Fravanslravesdeuniulagld Scalable wall function wazldluna RNG k-€ Tunns

murazwiadu 2 nsdlfe nsdlniinigld Option Curvature correction wagluld

I
Y [

Curvature correction Tun1sauIu Inedidunausail
d1%5U Curvature correction

1‘1J‘1'7il,mé File > Read > Mesh > finemesh > OK

3UM 2.1 Jumounis Set up

UM .2 Tumeunis Set up



d7uva4 Solution Setup

1‘1J‘1'7i General > Scale > Select > mm > Scale > Close

35U 2.3 Jumounis Set up

UM 9.4 Tunauns Set up

—l

3U# 9.5 Jumaunis Set up

67
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 —

3UN .6 Tumaunis Set up

1‘1J1‘71' Models > Viscous > Model > 1aan k-epsilon (2 egn), RNG, Swirl Dominated Flow,

Scalable Wall Functions, Curvature Correction > OK

3UN .7 Tumaunis Set up



]

35U 2.8 Yumounis Set up

1U# Materials > Fluid > Fluent Database > water-liquid (h20<(>) > Copy > L&en

Density 992 kg/m?, Viscosity 0.00065 ke/m-s > Close

3UN 0.9 Tumaunis Set up

69



U 9.10 Tumeunns Set up

(-

UM 2.11 Yuneuns Set up

|
1

—
3U# 9.12 Junauns Set up

70
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UM 9.13 Yuneuns Set up

1Ufi Cell Zone Conditions > moving-zone > Edit > Ldan Material 1Ju water-liquid,

Frame Motion, Speed 9.12356 rad/s > OK

Ul 9.14 duneunis Set up

71
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-

5UT 9.15 Yuneuns Set up

Ul Cell Zone Conditions > stationary-zone > Edit > Ldon Material 1Ju water-liquid >

OK

SUT .16 Tumeuns Set up



73

-

U 9.17 Tumeunis Set up

1U# Boundary Conditions > #us mesh > fiun modify-zones > W mp > Periodic
zone fiuN 11 (Moving-left), Shadow zone #iusi 10 (Moving-Right) > Rotational periodic

WU v, Create periodic zones NN y

Preparing mesh for display...
Done.
mesh

/mesh> modify-zones

/mesh/modify-zones> mp

Periodic zone [()] 11

Shadow zone [()] 18

Rotational periodic? (if no, translational) [yes] y
Create periodic zones? [yes] y

all 836 faces matched for zones 11 and 18.
zone 10 deleted

created periodic zones.
/mesh/modify-zones>

U ¥.18 Tumeunns Set up

U7 Boundary Conditions > #us mesh > fiun modify-zones > W mp > Periodic
zone AU 5 (Stationary-left), Shadow zone s 4 (Stationary-Right) > Rotational

periodic AW y, Create periodic zones LW y > ANUW q > WUN q



zone 10 deleted

created periodic zones.
/mesh/modify-zones> mp
1892
Shadow zone [()] &4
Rotational periodic? (if no, translational) [yes] y
Create periodic zones? [yes] y

all 3368 faces matched for zones 5 and 4.

zone 4 deleted
+og iods

/mesh/modify-zones> q

/mesh> q

5UT 9.19 Yuneuns Set up

U7 Boundary Conditions > outer-shaft > Edit > l@®an Moving Wall, Absolute,

Rotational, Speed 9.12356 rad/s > OK

Ul 9.20 Tumeuns Set up

Illjl —1

-

Uil 9.21 Fusaunis Set up

74
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d2uv99 Solution

1U#i Solution Methods > Scheme 1&an SIMPLE > Gradient \&en Least Squares Cell
Based, Pressure @00 PRESTO!, Momentum waen QUICK, Turbulent Kinetic Energy aen

QUICK, Turbulent Dissipation Rate tdan QUICK

U 9.22 Tumeunis Set up

1U# Monitors > Residuals — Print,Plot > megawmagﬂ%aﬂ Check Convergence a9n

y199Um > OK



5UT 9.23 Juneuns Set up

| m—
U 9.24 Yupauns Set up

1‘1.]17i Solution Initialization > Initialization Methods 1aen Standard Initialization >
Turbulent Kinetic Energy 0.01 m?/s?, Turbulent Dissipation Rate 0.001 m?%/s> >

Initialize

76



1

U 9.25 Tumeunis Set up

1‘1J‘1'71' Run Calculation > Number of Iterations 50000

5U#l 2.26 Fumeunis Set up

77
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d2uv949 Result
1‘1J‘17i Report > Forces > Set up > Moment > Moment Center \den (0,0,0), Moment Axis

\@en (0,0,1) > Wall Zones @anyanungniy tank-bottom, tank side wag tank top >

Print

5UT 9.27 Yuneuns Set up

—

U 9.28 Tumeunis Set up

—

U 9.29 Tumeuns Set up



dmsunsallaly Curvature correction

1‘1J‘1'7il,m‘1] File > Read > Mesh > finemesh > OK

U 9.30 Tumeunns Set up

gﬂﬁ .31 $umaunis Set up
d2uva4 Solution Setup

1‘1.]17i General > Scale > Select > mm > Scale > Close

79



U 9.32 Tumeunns Set up

U 9.33 Tumeuns Set up

—

SUT .34 Tumeuns Set up

80
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 m—

Ul 9.35 Tumeunns Set up

U7 Models > Viscous > Model > 1don k-epsilon (2 egn), RNG, Swirl Dominated Flow,

Scalable Wall Functions > OK

Ul 9.36 Tumeunis Set up



]

v
o

gﬂﬁ .37 TURNDBUNIT Set up

1U# Materials > Fluid > Fluent Database > water-liquid (h20<(>) > Copy > L&en

Density 992 kg/m?, Viscosity 0.00065 kg/m-s > Close

gﬂﬁ .38 TUMDUNIT Set up

82



U ¥.39 Tumaunns Set up

(-

U 9.40 Tumeuns Set up

|
1

—l
3UN .41 upauns Set up

83
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5UT 9.42 Yuneuns Set up

1Ufi Cell Zone Conditions > moving-zone > Edit > Ldan Material 1Ju water-liquid,

Frame Motion, Speed 9.12356 rad/s > OK

SUT .43 Tumeunis Set up

84
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-

5UT v.44 Jupeuns Set up

Ul Cell Zone Conditions > stationary-zone > Edit > Ldon Material 1Ju water-liquid >

OK

U v.45 Tumeunns Set up



86

=

U v.46 Tumeuns Set up

1U# Boundary Conditions > #us mesh > fiun modify-zones > W mp > Periodic
zone fiuN 11 (Moving-left), Shadow zone #iusi 10 (Moving-Right) > Rotational periodic

WU v, Create periodic zones NN y

Preparing mesh for display...
Done.
mesh

/mesh> modify-zones

/mesh/modify-zones> mp

Periodic zone [()] 11

Shadow zone [()] 18

Rotational periodic? (if no, translational) [yes] y
Create periodic zones? [yes] y

all 836 faces matched for zones 11 and 18.
zone 10 deleted

created periodic zones.
/mesh/modify-zones> |

U 9.47 Tumeunis Set up

U7 Boundary Conditions > Wus mesh > fiun modify-zones > W mp > Periodic
zone AU 5 (Stationary-left), Shadow zone W 4 (Stationary-Right) > Rotational

periodic AW y, Create periodic zones LW y > ANUW q > WUN q

zone 10 deleted

created periodic zones.

/mesh/modify-zones> mp

"PEPIOUIC ZONE T(IT >

Shadow zone [()] &

Rotational periodic? (if no, translational) [yes] y
Create periodic zones? [yes] y

all 3368 faces matched for zones 5 and 4.

zone 4 deleted
sy s

/mesh/modify-zones> q

/mesh> q

U7 v.48 Tumeunns Set up



U Boundary Conditions > outer-shaft > Edit > ldan Moving Wall, Absolute,

Rotational, Speed 9.12356 rad/s > OK

U7 ¥.49 Funounis Set up

Illjl —1

(|

Ul 9.50 dumeunis Set up

87



88

d2uv99 Solution

1U#i Solution Methods > Scheme 1&an SIMPLE > Gradient \&en Least Squares Cell
Based, Pressure @00 PRESTO!, Momentum waen QUICK, Turbulent Kinetic Energy aen

QUICK, Turbulent Dissipation Rate tdan QUICK

Ul 9.51 Tumeunis Set up

1U# Monitors > Residuals — Print,Plot > megawmagﬂ%aﬂ Check Convergence a9n

y19Un > OK



5U# 9.52 Yuneuns Set up

—l
U 9.53 Junauns Set up

1‘1.]17i Solution Initialization > Initialization Methods a8 Standard Initialization >
Turbulent Kinetic Energy 0.01 m?/s?, Turbulent Dissipation Rate 0.001 m?%/s> >

Initialize

89
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U 9.54 Tumeuns Set up

1‘1J‘1'71' Run Calculation > Number of Iterations 50000

U 9.55 Tumeunns Set up

90



91

d2uv949 Result
1‘1J‘17i Report > Forces > Set up > Moment > Moment Center \den (0,0,0), Moment Axis

\@en (0,0,1) > Wall Zones @anyanungniy tank-bottom, tank side wag tank top >

Print

35U 9.56 Yunauns Set up

—

Ul 9.57 Tumeunis Set up

—
U 9.58 Juneun1s Set up
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A1SAIUUAFNILVDULIABALISNNTANUI I UTUTWATY ANSYS FLUENT 14.5 Tunns

Fravansivavesdeluniulagld Standard wall function wagldlaina Realizable k-€ lu

nsmwaazuudu 2 nsdlfe nsfinisly Option Curvature correction waglalld

I
Y [

Curvature correction Tun1sauIu Inedidunausail

#%5U Curvature correction

1‘1J‘1'7il,mé File > Read > Mesh > finemesh > OK

JUN A.1 Tumouns Set up

3U% A.2 Junounis Set up



d7uva4 Solution Setup

1‘1J‘1'7i General > Scale > Select > mm > Scale > Close

3U% A.3 Junounis Set up

3U% .4 Junounis Set up

—

5U# A.5 Tumaunis Set up

94



-

3U# A.6 Tumaun1s Set up

U7 Models > Viscous > Model > o k-epsilon (2 egn), Realizable, Standard Wall

Functions, Curvature Correction > OK

3UN A.7 Junounis Set up

95
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1

2
o

3U# A.8 Tumaun1s Set up

oo

1U# Materials > Fluid > Fluent Database > water-liquid (h20<(>) > Copy > L&en

Density 992 kg/m?, Viscosity 0.00065 ke/m-s > Close

JUN A.9 TumouMT Set up

96



Ul A.10 Tumeuns Set up

(-

Ul A.11 Tumeunis Set up

|
1

—
3U7 A.12 Tumaunis Set up

97



. L =
5U# A.13 Juneun1s Set up

1Ufi Cell Zone Conditions > moving-zone > Edit > Ldan Material 1Ju water-liquid,

Frame Motion, Speed 9.12356 rad/s > OK

SUTl .14 Fumunns Set up

98
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m

gﬂﬁ A.15 YURBUNIT Set up

1Ufi Cell Zone Conditions > stationary-zone > Edit > \@en Material \Ju water-liquid >

OK

SU# A.16 Fumuns Set up



100

=

Ul A.17 Tumeuns Set up

1U# Boundary Conditions > #us mesh > fiun modify-zones > W mp > Periodic
zone fiuN 11 (Moving-left), Shadow zone #iusi 10 (Moving-Right) > Rotational periodic

WU v, Create periodic zones NN y

Preparing mesh for display...
Done.
mesh

/mesh> modify-zones

/mesh/modify-zones> mp

Periodic zone [()] 11

Shadow zone [()] 18

Rotational periodic? (if no, translational) [yes] y
Create periodic zones? [yes] y

all 836 faces matched for zones 11 and 18.
zone 18 deleted

created periodic zones.
/mesh/modify-zones>

Uil A.18 Tumeuns Set up

U7 Boundary Conditions > Wus mesh > fiun modify-zones > W mp > Periodic
zone AU 5 (Stationary-left), Shadow zone #uW 4 (Stationary-Right) > Rotational

periodic AW y, Create periodic zones WuW y > NUW q > WUN q

zone 10 deleted

created periodic zones.

/mesh/modify-zones> mp

1892 3

Shadow zone [()] &

Rotational periodic? (if no, translational) [yes] y
Create periodic zones? [yes] y

all 3368 faces matched for zones 5 and 4.

zone 4 deleted
tod iodi
/mesh/modify-zones> q

mesh> q

SU# A.19 Fumeunns Set up
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U Boundary Conditions > outer-shaft > Edit > ldan Moving Wall, Absolute,

Rotational, Speed 9.12356 rad/s > OK

Ul A.20 Tumeunns Set up

-

SUT A.21 Fumeunns Set up
dquwa9 Solution

U7l Solution Methods > Scheme &en SIMPLE > Gradient den Least Squares Cell
Based, Pressure 1dan PRESTO!, Momentum t@en QUICK, Turbulent Kinetic Energy Laan

QUICK, Turbulent Dissipation Rate tdan QUICK
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Ul A.22 Tumeunis Set up

U Monitors > Residuals — Print,Plot > Lml,ﬂ%awmagﬂeuaq Check Convergence 98n

919%un > OK

gﬂﬁ A.23 TURDUNIT Set up



103

| m—
3U# A.24 Jupeun1s Set up

iﬂﬁ Solution Initialization > Initialization Methods t@an Standard Initialization >
Turbulent Kinetic Energy 0.01 m?/s?, Turbulent Dissipation Rate 0.001 m?%/s> >

Initialize

—

Uil A.25 Tumeunis Set up

11J17'i Run Calculation > Number of Iterations 50000
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35U A.26 TuneuN1T Set up

d2uv949 Result
Ui Report > Forces > Set up > Moment > Moment Center dan (0,0,0), Moment Axis

dan (0,0,1) > Wall Zones waanvianunantiy tank-bottom, tank side wag tank top >

Print

-

gﬂﬁ A.27 TURDUNIT Set up



105

—

Ul 7.28 Tumeuns Set up

—

U 7.29 Junaunns Set up

dmsunsallald Curvature correction

IUT‘/NIIL;'JH File > Read > Mesh > finemesh > OK

gﬂﬁ A.30 TUMUNIT Set up
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gﬂﬁ A.31 Funsuns Set up
d2uva4 Solution Setup

1'1.1‘17i General > Scale > Select > mm > Scale > Close

Ul A.32 Tumeunns Set up

gﬂﬁ A.33 JURUNIT Set up
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—

3U# A.34 Jupeuns Set up

-

Ul A.35 Tumeunis Set up

1U# Models > Viscous > Model > 1dan k-epsilon (2 egn), Realizable, Standard Wall

Functions > OK

]

sUT A.36 Fumuns Set up



Ul Materials > Fluid > Fluent Database > water-liquid (h20<l>) > Copy > L&on

Density 992 kg/m?, Viscosity 0.00065 kg/m-s > Close

Ul A.37 Tumeunis Set up

SUTl A.38 Fumeunns Set up

108
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U A.39 Junaunis Set up

I
[ 1

—
3U# .40 Tumaunis Set up

. =3
JUN A.41 TuRBuNTS Set up

U7l Cell Zone Conditions > moving-zone > Edit > \dean Material 1Ju water-liquid,

Frame Motion, Speed 9.12356 rad/s > OK



110

3U# A.42 TupBuns Set up

m—

Ul A.43 Tumeunis Set up

1Ufi Cell Zone Conditions > stationary-zone > Edit > 1&an Material Ju water-liquid >

OK



111

Uil A.44 Tumeuns Set up

-

SUT A.45 Fumaunns Set up

1U# Boundary Conditions > WuW mesh > WU modify-zones > AuN mp > Periodic

zone #iun 11 (Moving-left), Shadow zone #iusi 10 (Moving-Right) > Rotational periodic

a 3

UN y, Create periodic zones WU y



Preparing mesh for display...
Done.
mesh

/mesh> modify-zones

/mesh/modify-zones> mp

Periodic zone [()] 11

Shadow zone [()] 10

Rotational periodic? (if no, translational) [yes] y
Create periodic zones? [yes] y

all 836 faces matched for zones 11 and 18.
zone 10 deleted

created periodic zones.
/mesh/modify-zones> |

Uil A.46 Tumeunns Set up

1U# Boundary Conditions > us mesh > fiun modify-zones > W mp > Periodic
zone AU 5 (Stationary-left), Shadow zone s 4 (Stationary-Right) > Rotational

periodic WU y, Create periodic zones W y > AU g > NuN g

zone 10 deleted

created periodic zones.

/mesh/modify-zones> mp

1892

Shadow zone [()] 4

Rotational periodic? (if no, translational) [yes] y
Create periodic zones? [yes] y

all 3368 faces matched for zones 5 and 4.

zone 4 deleted

mesh/modify-zones> q

mesh> q

Uil A.47 Tumeunis Set up

112



U Boundary Conditions > outer-shaft > Edit > ldan Moving Wall, Absolute,

Rotational, Speed 9.12356 rad/s > OK

JUN A.48 TumauN1S Set up

Illjl —1

=

U7 7.49 Junounis Set up

d2uva9 Solution

1Ufi Solution Methods > Scheme 1&an SIMPLE > Gradient 1dan Least Squares Cell

113

Based, Pressure 1dan PRESTO!, Momentum t@en QUICK, Turbulent Kinetic Energy taen

QUICK, Turbulent Dissipation Rate 1&an QUICK
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Uil A.50 Tumeuns Set up

U Monitors > Residuals — Print,Plot > Lml,ﬂ%awmagﬂeuaq Check Convergence 98n

919%un > OK

Ul A.51 Tumeunns Set up



115

| m—
3U# A.52 Juneun1s Set up

iﬂﬁ Solution Initialization > Initialization Methods t@an Standard Initialization >
Turbulent Kinetic Energy 0.01 m?/s?, Turbulent Dissipation Rate 0.001 m?%/s> >

Initialize

—]

Uil A.53 Tumeunis Set up

11J17'i Run Calculation > Number of Iterations 50000



116

3U# A.54 Jupeun1s Set up

d2uva49 Result
1'1.1‘17i Report > Forces > Set up > Moment > Moment Center \aen (0,0,0), Moment Axis

dan (0,0,1) > Wall Zones waanvianunantiy tank-bottom, tank side wag tank top >

Print

—

sU# A.55 Fumunns Set up



117

—

Ul A.56 Tumeuns Set up

—

Ul A.57 Tumeunis Set up
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A1SAIUUAFNILVDULIABALISNNTANUI I UTUTWATY ANSYS FLUENT 14.5 Tunns

$ravanslravesdeduniulagld Standard wall function wagldlaina RNG k-€ lunis

murazwiadu 2 nsdlfe nsdlniinigld Option Curvature correction wagluld

I
Y [

Curvature correction Tun1sauIu Inedidunausail
d1%5U Curvature correction

1‘1J‘1'7il,mé File > Read > Mesh > finemesh > OK

UM 4.1 Tumouns Set up

3UN 9.2 Jumounis Set up
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d7uva4 Solution Setup

1‘1J‘1'7i General > Scale > Select > mm > Scale > Close

3UN 4.3 Jumounis Set up

3UN .4 Jumaunis Set up

—l

3UN 4.5 Jumaunis Set up



121

 —

UM 4.6 Tumouns Set up

iﬂﬁ Models > Viscous > Model > 1aan k-epsilon (2 egn), RNG, Swirl Dominated Flow,

Standard Wall Functions, Curvature Correction > OK

JUN 9.7 Jumounis Set up
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-

3UN 9.8 Jumaunis Set up

Ui Materials > Fluid > Fluent Database > water-liquid (h20<(>) > Copy > L&8n

Density 992 kg/m?, Viscosity 0.00065 ke/m-s > Close

UM 1.9 Tumouns Set up
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U .10 Tumeums Set up

(-

U .11 Tumeums Set up

|
1

—
UM €.12 Jupaums Set up
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UM €.13 Jumaus Set up

U7l Cell Zone Conditions > moving-zone > Edit > \dan Material tJu water-liquid,

Frame Motion, Speed 9.12356 rad/s > OK

U7 1.14 Tumeums Set up
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-

UM €.15 Jumauns Set up

Ul Cell Zone Conditions > stationary-zone > Edit > Ldon Material 1Ju water-liquid >

OK

U7 1.16 Tumaums Set up
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=

U7 4.17 fumeums Set up

1U# Boundary Conditions > #us mesh > fiun modify-zones > W mp > Periodic
zone fiuN 11 (Moving-left), Shadow zone #iusi 10 (Moving-Right) > Rotational periodic

WU v, Create periodic zones NN y

Preparing mesh for display...
Done.
mesh

/mesh> modify-zones

/mesh/modify-zones> mp

Periodic zone [()] 11

Shadow zone [()] 18

Rotational periodic? (if no, translational) [yes] y
Create periodic zones? [yes] y

all 836 faces matched for zones 11 and 18.
zone 10 deleted

created periodic zones.
/mesh/modify-zones> |

U7 4.18 Tumauns Set up

U7 Boundary Conditions > Wus mesh > fiun modify-zones > W mp > Periodic
zone AU 5 (Stationary-left), Shadow zone W 4 (Stationary-Right) > Rotational

periodic AW y, Create periodic zones LW y > ANUW q > WUN q

zone 10 deleted

created periodic zones.
/mesh/modify-zones> mp
1590
Shadow zone [()] &4
Rotational periodic? (if no, translational) [yes] y
Create periodic zones? [yes] y

all 3368 faces matched for zones 5 and 4.

zone 4 deleted

/mesh/modify-zones> q

/mesh> q

U .19 Tumauns Set up
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U Boundary Conditions > outer-shaft > Edit > ldan Moving Wall, Absolute,

Rotational, Speed 9.12356 rad/s > OK

UM 4.20 Tumaun1s Set up

Illjl —1

. o
UM 9.21 Tunauns Set up

d9uva9 Solution

U7l Solution Methods > Scheme &en SIMPLE > Gradient \den Least Squares Cell
Based, Pressure @00 PRESTO!, Momentum waen QUICK, Turbulent Kinetic Energy aen

QUICK, Turbulent Dissipation Rate tdan QUICK
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UM 9.22 Tupauns Set up

U Monitors > Residuals — Print,Plot > Lml,ﬂ%awmagﬂeuaq Check Convergence 98n

(%
Y

YNUUA > OK

U7 .23 Tumeuns Set up
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| m—
JUN 9.24 Jupaus Set up

Iﬂﬁ Solution Initialization > Initialization Methods t@an Standard Initialization >
Turbulent Kinetic Energy 0.01 m?/s?, Turbulent Dissipation Rate 0.001 m?%/s> >

Initialize

—]

5UT .25 Tumeums Set up

11J1’7i Run Calculation > Number of Iterations 50000
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UM 4.26 Tumaun1s Set up

#9uvD9 Result

Ui Report > Forces > Set up > Moment > Moment Center dan (0,0,0), Moment Axis
@en (0,0,1) > Wall Zones @anyanungniiy tank-bottom, tank side wag tank top >

Print

—

gﬂﬁ 4.27 TunauUNIT Set up
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—

U7 4.28 Tumeuns Set up

—

U 4.29 Tumeums Set up
dmsunsallald Curvature correction

IUT‘/NIIL;'JH File > Read > Mesh > finemesh > OK

gﬂ‘ﬁ 4.30 TuUmauUNIT Set up
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U 4.31 Tumeuns Set up

d2uva4 Solution Setup

lﬂﬁ General > Scale > Select > mm > Scale > Close

U7 .32 Tumeums Set up

gﬂ‘ﬁ 4.33 JuUpauUNIT Set up
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—

JUN €.34 Jupauns Set up

—

UM 4.35 Tunaun1s Set up

1‘1J1‘71' Models > Viscous > Model > 1dan k-epsilon (2 egn), RNG, Swirl Dominated Flow,

Standard Wall Functions > OK

U7 .36 Tumauns Set up
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]

U .37 Tumeums Set up

Ui Materials > Fluid > Fluent Database > water-liquid (h20<(>) > Copy > L&an

Density 992 kg/m?, Viscosity 0.00065 ke/m-s > Close

gﬂ‘ﬁ 4.38 JuUnauUNIT Set up
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5UT .39 Funounis Set up

-

U7 .40 Tumeums Set up

LI
[ 1

—
UM 9.41 Jupauns Set up
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. , =
UM 1.42 Jupauns Set up

1Ufi Cell Zone Conditions > moving-zone > Edit > Ldan Material 1Ju water-liquid,

Frame Motion, Speed 9.12356 rad/s > OK

U7 .43 fumeums Set up
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-

JUN €.44 Tupauns Set up

Ul Cell Zone Conditions > stationary-zone > Edit > Ldon Material 1Ju water-liquid >

OK

gﬂ‘ﬁ 4.45 JupauUNIT Set up
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5UT .46 Tumeums Set up

1U# Boundary Conditions > Wuw mesh > AU modify-zones > AUN mp > Periodic

138

zone fiuN 11 (Moving-left), Shadow zone #iusi 10 (Moving-Right) > Rotational periodic

WU v, Create periodic zones NN y

Preparing mesh for display...
Done.
mesh

/mesh> modify-zones

/mesh/modify-zones> mp
Periodic zone [()] 11
Shadow zone [()] 18

Create periodic zones? [yes] y

Rotational periodic? (if no, translational) [yes] y

all 836 faces matched for zones 11 and 18.
zone 18 deleted

created periodic zones.
/mesh/modify-zones>

U7 4.47 Fumeuns Set up

U7 Boundary Conditions > Wus mesh > fiun modify-zones > W mp > Periodic
zone AU 5 (Stationary-left), Shadow zone W 4 (Stationary-Right) > Rotational

periodic AW y, Create periodic zones LW y > NUW q > WuN q

zone 10 deleted

created periodic zones.
/mesh/modify-zones> mp

vsr=
Shadow zone [()] &
Rotational periodic? (if no, translational) [yes] y
Create periodic zones? [yes] y

all 3368 faces matched for zones 5 and 4.

zone 4 deleted

tod 3odi
/mesh/modify-zones> q

/mesh> q

gﬂ‘ﬁ 4.48 TunauUNIT Set up
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U Boundary Conditions > outer-shaft > Edit > ldan Moving Wall, Absolute,

Rotational, Speed 9.12356 rad/s > OK

UM 1.49 Tunauns Set up

Illjl —1

.4
UM 4.50 Tunaun1s Set up

d9uva9 Solution

U7l Solution Methods > Scheme &en SIMPLE > Gradient den Least Squares Cell
Based, Pressure 1dan PRESTO!, Momentum t&@en QUICK, Turbulent Kinetic Energy Laen

QUICK, Turbulent Dissipation Rate tdan QUICK
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U 4.51 Tumeuns Set up

1U# Monitors > Residuals — Print,Plot > La’lm‘%awm&lgﬂ%ﬂ Check Convergence a8n

919%un > OK

gﬂ‘ﬁ 4.52 JunauNIT Set up
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—l
UM 4.53 Junauns Set up

Iﬂﬁ Solution Initialization > Initialization Methods t@an Standard Initialization >
Turbulent Kinetic Energy 0.01 m?/s?, Turbulent Dissipation Rate 0.001 m?%/s> >

Initialize

—]

U7 .54 Tumeums Set up

11J1’7i Run Calculation > Number of Iterations 50000
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UM 4.55 Junaunis Set up

d2uv949 Result
Ui Report > Forces > Set up > Moment > Moment Center dan (0,0,0), Moment Axis

dan (0,0,1) > Wall Zones waanvianunantiy tank-bottom, tank side wag tank top >

Print

—

U7 .56 Tumauns Set up
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—

U 4.57 Tumeuns Set up

—

UM 4.58 Junaun1s Set up



AMANUIN 3.
NanN15INaaInaAansvaslunalenIuId nsuaelunIu

nuulddunines nvuaaunlgluduniusiia Rushton

turbine
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. NaN1991899999uuUIIassaululauviin Realizable k-€
1.1.uAnIABUIISYRY y* vasuuusIaasfinnuauuusiaasanaduldaudie

Realizable k-"€" model wazlaiidan Curvature correction

(n) Scalable wall function (v) Standard wall function
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(n) Scalable wall function (v) Standard wall function

U 2.1 Aewnives v vaauudiassiitmuanuuiiaesaniutiuie Realizable k"€" model uay
Lsliden Curvature correction
1.2.LEN9ABUNASVBIVUINAMUTIVBILUUTIAB I mUALUUIaBsAutulUL

#28 Realizable k-"€" model wagldHanduniiadu Standard wall function

(n) Curvature correction () No curvature correction
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(n) Curvature correction (%) No curvature correction

JUT 2.2 AeuvnsveswInausvesuUTaesiitruawuudiaesruduliuiae Realizable k-"€"

model wagldilenduntiady Standard wall function



148

2. Wan15318899asuUUINaaIAUUduUNTtn RNG k-€
2.1. uanIRBUTIRY y* YaswUUIIaasfimuauUS e ululiudie RNG k-

"€" model wagtaan Curvature correction

(n) Scalable wall function (v) Standard wall function
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(n) Scalable wall function (v) Standard wall function

U 2.3 Aewvnives v vaauudiassiitmuatuuiaesaudutauie RNG k'€" model uagidon
Curvature correction
2.2.UdAIABUNISVDY y* VBLUUINaBININMRUALUUIIa9AUUUUIUA2E RNG k-

"€" model waghkildan Curvature correction

(n) Scalable wall function (%) Standard wall function
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(1) Scalable wall function () Standard wall function

JUN 2.4 Aswriasves v vasuuuiaesidmuaiuuitaesruiuliudie RNG k-"€" model uagll

\@®n Curvature correction
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2.3, UENSABUIIISVBIIUINAMUTIVRLUUINABTINNUALUUTIaasAnuTuUu

#28 RNG k-"€" model wagldianduniiadu Standard wall function

(n) Curvature correction () No curvature correction
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(n) Curvature correction () No curvature correction

JUT 2.5 pewhiveruwianuseuUaesiifmuakuuiaesnuduliuiag RNG k-"€" model

wagldilendunfadu Standard wall function



AMANUIN 3.

A5N15ATU
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N15ATUIUALAVNIAY

2TNM
GEUANK] = ——
pN3D5

A v o

AD ALAavNa9 (Power number)

-

WD
Ao ANUSITU (SRUAUNN)

Ao TuuAnaua (Nm)

Ao ANRUILLY (kg/m?)

O =z =

Ao EuRuAugna1stusia (m)

f79819N15A1UIUVRINT Realizable k-€ WanTuntiswiin Scalable wall function

v@an Curvature correction

- AWM Total moment
AluauAiildannnissiass fie 0.000362471 Nm
M = 0.000362471x6
0.002174824 Nm.

- AUIUAIAUAVAIAT
. | 2xmx1.45205967x0.002174824
992x(1.45205967)3x(0.095)5
P = 0.844316534

MUY ARLATANRIVDINTIUAD 0.844316534





