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Suksangpanomrung

The flow characteristic in sump with suction pipe was numerically studied
utilizing Computational Fluid Dynamics (CFD) technique based on a finite volume
method (FVM). The Reynolds-Average Navier-Stokes (RANS) equation with two-layer k-€
model was solved unsteadily through out the numerical model with 578,025 cells, which
was the suitable quantity of number of cells for giving a proper calculation with saving
time and computer resource.

It was found that our numerical results agreed well with the experimental results
conducted by [4] which produced three vortexes at three bounded walls and one at the
bottom of sump. However, the result were deviated from experimental at the larger
radius of vorticity.

Moreover, in our investigation, a simple geometry vortex breaker was added at
the bottom of sump for the purpose of preventing the vortex. The width and the height of
such vortex breaker were varied to account for the changes of vortex strength.

It was found that increasing or decreasing the width or height of vortex could
help in prevention of vortex at some surface while increasing the strength for other
surfaces with some additional weak vortexes. There was the optimum point of such the
two parameters to give the best way in prevention of vortex without adding the load the
pump but it is practically difficult to find. Also these parameters may not applicable for

the other conditions of dimension or flow.



Sty oyniinug

-
[¥RaN

v
n1sAneREnIstlesiuefinndluteguinsassasmndiusninasingdsnisAuanigesiomge
nanaAanizadlia
289

3974 Tadung

IiueudRaningininends iududountisaeanisAnmanunangns
BN AAINITNANARTNUNTIURGR AT IDAINTITHLATENNA

YAHPNANEN A EIATUATUN T 195

TN PR WOHNIAN W.A. 2550
ATULNIINNITAaUUT Y U NS ARENITNNNTAaULNNLLAN
......................................... erau N OUUUURRRROUPPRRRRRS 1 v i
(HaeAana1anssd na. 915l Ag1AIDY) (9RNANARIIANTE AT, WILHLAB WIUNIIA)
......................................... ng7INNNg . D2THNNS
(Wuln wA. #9. alouiie gURAINUNTY) (Hdqernansanged a3, am3md AgLaTny)
.............................................. n9INNNg

(Wuln uA. A9, alouie guuaInUnga)

.............................................. NITNNIT

(m7. TwAa UIHa)



sznAayilnng

Usrynyrtinugaiiul dndaldfaaacinnganaes faeumansnansed ns. qnaind

a o 1

AATEY U9eaunssNNIsAILANNIINILF N TNUS war Wuln

o

WANERIIANTE A3,

aloie gUuaswuniy nssunisAauANNIaNBryayinug AnganliAnifEnen wuwiin 16
a a ¢ 1 ] dl a 49{ ! %

wuaAA UuNNIAE uazdaeudlatloyuiseiiie Ty AaenaudaennnnsIauilFayn

Unugauanysnd

¥

quAansanstl 3@ Thufn  Auannna  wiodou Inganli

VRUALNTEAM  §

o

¥ ?:/ sl a g vy dl | 6 1 a o
m@meLLu:mummﬁmimﬁmﬁymwuﬁ wazldaiauauueniudselaminaauiay

A 188uUNs

D)
o0



AN9110Y

o
1 UNwin
AL UN AL ATNEVATYIDITIEYIN oo,
TPOUITAIAYBITATINITVTE oo
ARULUAUBITATINNTVREL .o
ABANTEUNITIRY oo
T IR ANATNRLIEEL oo

a o

o dd e
2 N UAZNUITENNLITRS
UNUIAABATTOINTTN e

ad & s
NOBDNEMRY oo,

NOHINITANUITINAANAATURINR e
safndisninasn I Iuiagiu
3. AFAHUNI9I4E

ANNAFIWIUNNTIRE o

v

WLLRVABILBGLIIT oo
N13AUIUTAE TE T FUN TR ABNARRT oo

ﬂ’]ﬁ“i/lﬂ'&@‘]_lﬂ’)’]ﬁJQﬂﬂﬁﬂﬂﬂﬂﬂLLMU'ﬂoW@‘ﬂ\i ................

4 NANITAIUIEY

WULANABINNAIAANEATAAUNIIRARIIBSINNTLILITNINDS

LULRNARNNAIAANRASIEN A LA UNI AR SN LIS oo,

[©2 I G) B CS RN O]



A15110(sia)

= &
uUnn nun

5 A7UuAZAAINTIHANITATUI

WULANABIN AR ANGATADURAFIIRTNNTLLINNRT oo, 70

1 v
LULRNAANNAIAANEAFINA LA FUN1IRAFRFNNTLUINNDS oo 72
BTL s 73
L BTIBEY oo, 74
LIFTEUNUNTN ottt 75
F2la L 1A T o s VOSSR RURRRRURTRRI 78



Toudnwilsznay

nwdsznau
1 AR NIRTINTLLINUNRT. oo
D ARSI
3 LEAMUATRALININeSTIS UL Aewatna e AT ananszusens
HRIAUIRTINT e
4 UAAIBFINATTUAMI. .o,
5 LAMNITNAMINNTULATANNANAUTURIANNAULAZAHLTY TN
Audanauiusyey IWNANIeNAINAAREINANNITUNW. ..o
6 ﬂ?mmmuaﬂwﬁqﬁﬁ ................................................................
7 WAANIATHAEEAIMLLIATIAI I e
8 WAPNNIATHANTTEENAMUUTATIATINGN. ..o
9 wareNIATHAEENAUULTFIUULIL.
10 Suction Umbrella. ..o
11 Vertical SPltter. ..o
12 SUCTON CONE ..
13 CrUCH O .
14 gﬂi"mmemmmﬁfa@;uﬁﬁmm ....................................................
15 LL@mrﬁ‘hLLmimmmrm“ﬂsfﬁizmuﬁiﬂajsﬂ@\iﬂﬂgu .................................
16 UULANAASIABTUIUNTH Gambit. ..o
17 ugALULANReeATaManfileAnamesinndisnine s
BN
18 m’mlme\m’]immuummmL%‘LuLLm;Tqmﬂﬁu%ﬂumwgmﬁﬂuﬁu
FANNNINNUIBID NN IZUINULLRABIN AR AN ARSUAZNANTS
TIARB. .o
19 Wiauieuiduaas1sns e Ui LLULA1a89384 Rajendran..........
20 ﬂ?’ﬁ/\lLL@F;I‘LILﬁEI‘LI?zWJ"]\iﬂ"J’nﬁ'ﬂuLLu’Jgﬂ’ﬁ’]ﬂﬁﬂ?ﬁﬁﬂﬂ?MHHLL@Zﬂ’]?MHu

QUNFARNVTULUFI N oo

14
19
20
21
21
25
26
26
27
29
30
32

33

39

46

47



Tudnwilsznau(sa)

Awdsznay

21

22

23

24

25

26

NIITILINEUNATBIAYINAIB ATDINIAFRBAIINYNFBITBINT
AU IneuaasALafadulas A TasANNLEY lulUIAIRINALNNg

wyusuiuiAaeves

- d4 N
wRauiauansansnisnaresnisinaile asunlasaanundnsaesiusn
NBFMNTEL 1.1 1.2 WAL 1.3) ettt
neaAINTLBFaLNeLTTdNe fnnduasSaNiaae NAnNnd1eTes
“afmndiuIninefmne (NI 11 12 WAL 1.3) e
- 4
wrsuauduanasnsnislnaaesnislvaianlasuulaenaugaaaaiusn
NBF (T 2.1 2.2 WA 2.3) oo
navuansnsulzaLmeussudnmasmnduazintiaag NAugerenas
WNFLUINNBTANT] (NI 2.1 2.2 UAZ 2.3). v
WEEUNEURANLEATENEA FNeLAAIANILTHATEINTATEIUAARIT 2997

LAANAANLTEAYBINTATDY Rajendran WASATMY[4] .. ..o,

52

57

61

64

68

70



N
D) D)k D) D) D) D) D) D) D) D) D) D) D) D) D)k D) D) D)
D © D D DO D DD D D O DO D D DO D O

(7] <‘O «
©

[ % > L4

AR BUNYA UANBOILAZIAUAE

3

Lé"umuﬂuﬁﬂmmaguﬁw

= s A ' 4
m’ms’maomﬂmlumgum
o A 6 6
SadvasIasinneg
o A A & &
Sadaagvadnasinneg
m’mL%’;luﬁﬂﬁomﬂﬁ'umsmgumaa’;a%mﬂsﬁ
Lsﬁa?(ﬂl,a‘fu
1 a 6
ANALAUYDILTT TR
ANALATUAILLAT
mﬁuawaaw;}@
ﬁ’]éﬁmwaama%ﬂm‘*ﬁ‘u
ANAILATTAIDaLULADT
anus luuwInnn X
AMULTI LWL Y
anus luuwinny Z
5@]3’1LidLﬁadﬁ]’mLLidaG@@TaGIaﬂ
AMNAW LUV DIYN
e v
Fulseantanunitavadiin

L3R

mm
m/s
mm
mm

m/s



UNN 1

UNU

[ o
1.1 AntilunIwazA g ATy
o %’ [ = o K K o a e < A
lunnseenuuuszuuilntiifesiinisAiletanistlasiunisiianasinnd(Vortex)sanns
wyUIuIestnFnunYiega (Inlet Suction Pipe) vasilutinianaiiiasainiasmndainans
dsnansznulaensesiatlsc@nin nnisvinnunazangnislduaesilutiuazszuuvia  Taan
v ¥ o i 1 U % Adl % L
Heanuuuazidugivuamiunisesiasuganmuizanieiszaunisal  LazuIngIuNNg
a :l/ uI/ dll a6 voa 90J I :l/ % 7 ° o ! dgll dl
Ansiavia e WiRAN suywInaet  wiluungaissaadasninunetlssniagu anwinui
a o a9 o ' Py o
posmnnzanlunsfess  wreudusiulszann MnlRldaunsneanuuuviesugaianIx
o 1 4 dl A ¥ 1 2 i ] dl ?/
NIRTFIUAINATT LA HanaNNIAedasnuuLliamnsnszylfdnAumiieanuuuiuay
' Y a 9; A ] a v ¥y ° v o a
naliifaniayuanzesizeld  lunwdjimdeanuuuazimuaiinistlasiunisifianig
wyunlineuwanalidnluarufluaseazifianiaguowsalifinnn fasnwesnzanldanaiem
A oo o
Waweuiunsudlafnua
i 14
gunsninldlunslasiunisuyuassinGandmnefinndiusninas (Vortex Breaker 1139
Anti-Vortex)  @alutlaqiiuiilidenldnaneaiinszyl§luninsgiuniseenuuuuazsnssioly
wisleneNANHUrIedtagUitazgliuLYevienn Avrnetnlunintdseney 1 Astiuena
! % 1 1
ulfdmesmndiusninefifludssuilaluginsninnmeguluszuuquiliian liazsasied

-8 6

IHA9ANNTANNUANUAEUDILIBFLINN safinndiusninasasiiinunevanaaiin

el

poafiu asenarinlinfsmnuduauluniad@enlddmiuinilssaunisailadsnnin dsenaviu
nsnennIninaiaLazAiinremefinndidanadududen  daaliniseanuiuy
a :j/ g g o 1 d‘ | % 1 o
waznsiaAefinndiusninaflurwiawazaumisimsnzasiiullFannduii
v v 1
adelafimn  eefinnfiusninesusrtiagninfaludnenzassiunlnvegaues
PIDIGUINEN  ANBIUZAINANINENAAZNIZNUADAINAINITD IUNITUIDIATIGLUN T
B ¥ g < o g ! a ZJ/ o 1 a 3 |
nadenldaefinndiusninesidawialve)  uarAnssluuneAtursenaiuaananiuly
qatszasdrasnisilesiuniafinsesmnd  luanzineofudouiudainainenaldiinnisznig
meuliiuesasguinls lunasaiudiuuinsesinndisninasiawadniiull  wanann

v
ayluflsr@ansnnlunistlasiuuda damnlimdansnaiuazanldanalunisus laansos)



id | g
©

Farvg’ we ae

AWUsznan 1 Aaedeaesmngiusnines 1]

o o a0 X = = o - , ¥ o - -

Aetiueiddeatiasiunisfnenianistlesiuwsefinndlutegquin  desedinndiun
ned  Tnedlunnsfnuniaanndiiugazndnsanundnuarannugaesusnines  aiin
dl dl IS ¥ ] o g o‘dl ! ' %’ dl | ¥
awdsuiuifeananisalunsilesiunesmndnusavssunuluteguin  Weidunaad

Y L = = o a c A )

pnndladesiulunisfnetenudneusivanzantesusnines  Anenainazdaalunig
flasriunefinndudadsliifunnsiuniss Wiuwesasguiniuauaniy usidaanisamszi
nsluauazdsngnisaiiisaunssinléenn  Wesainanududeusesannisuazsioulsd
Ay g uma ° a o - . . .
Nendes AgldAEn9AwInITINIINa AR asiug (Computational Fluid Dynamics)

yira CFD uerasialunisaniiuenuidaniai



s 3 a o
1.2.9n0UszasAvaelAsannsiay
1.2.1 Ansnistlesiunafinnd luiiequinsaanefinndiusnines
1.2.2 Anmpnudniutaessioulsannundnuazanugeremafinndiusninassiannu

uwlaussraasinndg luleguiin

1.3 ARLLUAUAILATINIGIAE
1.3.1 pnsanE ing MAENTANUI AT FR LA INenaAdnFIa4 lua (Computational
Fluid Dynamics %32 CFD) lu 3 {5
1.3.2 134'ﬁﬂﬁﬁm@ﬁmsﬁﬁ@mimmu‘lm@’mé’uﬁ%Pre-Swirl)
13.3 mslvaresindnginvieduliednsieiies uazhinndsdiensgydeitesanus
Aeavnureiaguiin
1.3.4 Wanuawlaanizaesmndiaaldn (Submerged Vortex) Winthugalu

Anisenay 2

1. SWIRL 2. DYE CORE 3. AIR CORE OR
BUBBLES

AsEnan 2 hdngnasinndg Hun[1]

1.3.5 daguisznausiaviaguin luiuisieanniuion 1 vie
1.3.6 2efinndusninefiflugtianmonsvunuridasesnviaguin Aginsaily
d 4 oa e oo 2oax ¥ e . 4 . L.
AwngNud Anseniuzesdeguinliviequ uaziinisiasuulassiouilssneAs
nanalunnisznail.3 fadl
1.3.6.1 ANAINTRILLINLNAST

1.3.6.2 ﬂQWNQ\?ﬂJﬂ\‘iLUﬁ‘ﬂLﬂﬂ{



1)

1) Waguanundng (W) asawsninas

N9EA 1.1 W=61.6 mm
n9EIN 1.2 W=184.8 mm H=70.4 mm
A9 1.3 W=308 mm

2.) WaguAugs (H) 1eawsnines

AN 2.1 H=14.1 mm
n9EIN 2.2 H=42.2 mm W =308 mm
N9 2.3 H=70.4 mm

el jo A = . o
nndsznay 3 waasauiaeiLIninamUiuasuun e AN DsHansznusanistlasnu

o s
1A7LNNG



1.4 3811 Uun15938
1.4.1 @%(’NLL@:?‘V]ﬂ@’i’]'l_lLLUU%W@@QUHdﬂubmeﬂQﬂW?Lﬁﬂ’)‘ﬂﬁa“wmsﬁ‘
1.4.2 aﬂ%ﬂrJ'ﬂé‘LV]ﬂGﬁ‘LU?ﬂLﬂﬂi‘_ﬁﬁluqﬁﬁhﬂﬂLﬁﬂﬁﬂﬁqaﬂmﬂﬂ?$VIUﬁi@ﬂquLL%\TLL?\?‘U@\?
NasnnNg

1.4.3 a7tluanmaang

15. sglaminaninazlasuannisiae
1.5.1 m%’wmmi‘mmLﬁﬂfﬂﬁugmmmqm‘rmmﬂm::m‘zmuma‘ﬂmﬁm@ﬁmﬂﬂuﬁ@
quiin
1.5.2 {uesirnudludesdusinhllgoniddelutuseld

1.5.3 awnsniideyai tiainnisdds i ldlunisaenuuunasmndiusninas1é



UNN 2

N RUATINUIIBNLNLITD

(%3 d . .
2.1 unisNAuIg9eunssy (Literature Review)
Constantinescu[2] A1a84n17 lasnugeaadezasguinly 3 AfwaAnEINsia 205
WMNGRA1N (Free Surface Vortex) wazaasnndl@un (Wall Attached Vortices) tpeinnsaiasnzs

Fesaanenaraniaadlng (CFD) a1n13 Reynolds- Averaged Navier-Stokes gniinunldlu

NFANUINIFINALLLLA 89T Watlulaw (Turbulent Model) A Two Layer k-€ H@9ann
wu1R1829n17 Iatlulauafiaillsenatsag aNN13INANINIANUIDLRNIZAT IMALIFI T RAN T

o dl ' ' Z// =2 dﬁl o ] 2 g 9/%’ ¥ ] o él g c
m@mmqm"l,mmummu "NL‘ﬂ‘ﬂ@'}u’lﬁlﬁ‘l‘ﬂﬂ’]?qLﬂﬁ‘ﬁzﬂ'l@?mﬂsiﬂmu’]blﬁLLNLLEIW?.I‘L& INIIZIRTINNG

'
Y aa o

Ui AT Uit BT e danTdensnuasdedn q”meQLLuuﬁﬁ@@qﬁﬁ@ Taiqnflusagld
Sevlazenian (Boundary  Conditions) ﬁlmﬁqmﬁﬂuﬁuLmuﬁﬂ@faﬁuj%iﬂﬁﬂﬁ@mmm
FUTaUlUNNTANUI LAY

TneuusaeeseRldlunsisasananniiunsdwasu g Usznavsagve
Qu{iﬂ 1 98 °]m’1mﬁ?zﬂxﬁi’]\‘lﬂ%ﬁl’]s\lu’]ﬁl?ﬂ’]‘uﬂ%‘@‘ﬂﬂLL‘LI‘LI‘VhT]J wazsalagegiuan (Reynold
Number) 728 Re 18971711187 60,000

g lualnRazlisamaniwes (Waber Number, W) 170031994 120 — 1,000 v&H% o8
M3 AL I ANAN TN LAN LA (Surface Tension) yaaneanld

Constantinescu[3]  feldAnmsiaifiasienansznurasuuisiassnisluaiiulauuay
AINNUPVILUBINUN  (Wall  Roughness)  FBN1IINIUILNIGINA  ATUAUILAT AN
(Strength) 28998 5NNTTUARNG sannsAnuanlng funudnansnisvatiutlaw k-€ Turbulent
Model ieiiauiu k- Turbulent Model lgilineuazaunnaesedinndiindifesiu us
rﬁmmmﬁlﬁmmmmLm‘_’lqLLiﬁu@gﬁmﬁmmLLuua‘imm LAZNNSAaNATLNS A
wlt uaswudndletiwatespanagassimlandusaulslunnsdaasldrene fnndd
AAUNIAINTT Lmuﬂuﬁm@u%dqmi@@ﬂLmumqmgmwmmﬁﬁﬁLmﬁ@mﬂuqﬂm‘nﬂmﬁu
qafmnd(Vortex Suppression Device) baui

Rajendran[4] f-’iﬁ@ﬂqﬁ@zﬂuﬁﬂuﬁmmmqL‘ﬁfaiﬂumﬂﬂ?‘ﬂuLﬁﬂuﬁmmur«%mmmq
AdlnFansTia I uduszdoAtnaseSuasduiles (Finite Volume Method) ﬂ@zﬂui’iqﬁ

sinsawAeniuiy  Constantinescu[2]  wht bl asusnumisasvinguin TWitinagueiiuwg



¥ dJ % 1 o Y o % d’j v [ a‘d‘ | R
AUNNNATNAIIHNNINLBILA Tmmzwﬂummumummmmmmmmﬂmmgmumﬂvl,mm 5

u
v v

qasaeiy e fezuuaai Nﬁqﬂ@zguﬂqé’mslﬂé’ﬁuﬂ@zguﬁq%\mméﬁu uazTsTL e
%ﬂﬂ"wﬁf;LLﬂ'g‘m@im[ﬁiﬂ\ijmﬂﬂﬂquﬁﬁ’mmﬁé’qﬁdﬁ PIV 7@ Particle Image Velocimetry A6
LLﬁJiﬁiNjﬁiﬁ’@ﬂﬂﬁmwm@mgﬂﬁmﬂ%mwmummgﬂrﬁl’mﬁummiﬁﬁmmﬁié’mn
WULRIABNNAAANRAT

AIUULLRNADINWNAUAFANARS Rajendran daunng Reynolds-Averaged Navier-
Stokes uaziuuAaeanisivaiutly ke Aundidewlanislualuannizasia (Steady

State) W11 n3m (Grid) AWIU 550,000 N3A WFELLNELNANITANMIUNA LHALNANIINAADY
d’l Yy 1 90J d’l = o o = Y
niaeil IdlddeyaresiaguinilunisnFauiauiusuusiassmisatinenansson

Ansar[5] ﬁmmmﬂumjmﬁﬂuﬂmguﬁﬁLﬂiuﬁu N uawriaguinuaesielule

quiReaiu wananiialaAnentanasnanislualunstininisluasetinaseiianienisla
o v

PANANANE

Shibata[6] ANHIULLRIRBINNATIAANGATN 1 LN1INeNNTiNIsnadrasnasanna
(Cavitation) 2awasinndlsiun TearunoudlatlymBesuinaasnianinazlunininaunaes
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@nn17 Reynolds-Averaged Navier-Stokes %58 RANS uganssedulunnafnun
foymnnslve @unsildsunsimununaIngsnis Navier-Stokes #innsluatnii Tnefldlsu
aunnsWerluglresAederena WeuanAnisluandedanunmafunddieeanaind
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o o d? [ o y [ dl o k24
109ARALINALTURE N LLLLANa8IN17 matiutawntinunld
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aun19n N9 inNg lmavia ld ldwnaunng Navier — Stokes #i9tl

AunTTANNABLILRY (Continuity Equation)
luiiAnsanszuanise Cylindrical Coordinate Az l&

_i(rur)+}%+5uz =0 (2)
ror rog oz

ANNNTIHNUFARAN (Momentum Equations)

Du ou
—=p|—+U-Vu 3
p 20— & vuvl @

luiiAnsenszuanyse Cylindrical Coordinate azlé

r —Coordinate
(aur ou, u,aou, u; 8uz]
Yo, +u +£ ——“24u =

ot "or r 00 r t oz

_a_p_|_ i(lg(ru ))+iazur _iaug +52Ur +pg
or H oriror ' r’ 060> r? 00 0z° '
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———+u —|=—(ru,) |+—= - +
r o6 ﬂ[&r(r o ")j 2 00° 12060  or’
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au, ou, u,au, ou,
Yo, +U, —=+—5—%+uU, =
ot o r 06 0z
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2.3 2asnnd
2.3.1 91AUD9RTNNT

aunTnanLeNTinemefinndmuanenizresnaialdsunindsznay 4

S NNINHUFAUUN (Swirl)  WTBNNINYUIBBIUNNIEAVRITID1AAZIAATUR O WA
Funudannaesinasnnauiveguun wiasaaziinainau lianuimng
2INNTINATNTIBFLUNEY NIUNUAUTEN  AaqaENAuIaINIafinefinndsy

o ! dI [ g oA %
AL maiﬂeﬁ\‘mﬂmmmmﬁmm

safinndiain (Free Surface Vortex) HWENWINITHIAINNTUHWEULIN LG

quusannndntnaiisfuesraseinialnadingviequin 3annsilasiuses

T A -agl/ o o 1 o -ﬂl = v 1
mnmumumimhmnuﬂLummﬂummﬁmmaﬁ@ﬂml,umzqimmq
WWSUANE 11 NITIANANANTDYIB4UNN (Submergence) NM9AANENIT

o o

Ay ¥ 9 ca = L= = = 4 o
nyuunauining ligUnsaliiy maaznatanelaaziaananaialuinden

2.5

el (Submerged  Vortex) e fnndmiAndued RNy
fasannennas f«;mffuj@mmrf‘i'ﬁﬂqumﬁum@qnﬁan@mLﬂﬂ@ﬂj@ﬁqﬁ
] fqmmilﬁmﬁuv‘iﬂﬁﬁmﬂmﬁﬂmmﬁﬁLL@:Lﬂﬁﬂmmumﬂﬂmmmmmi
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2.3.2 ARUANIHUTIBRTINNT

iasaLatuRaLaasnnt (Circulation and Vorticity)[11]

1
o A

aafgwduize I (gamma) manefenisgurisinsnaanuiisllmuduldslalac uans

3
o a

Wuaunnglesad

r:j';v”odlfz{pv cos A dL (7)
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aafnnd (Free Stream) luanuzfirndunqaguinatesnisuyuiAiiusetiasndnANfiu

1asnsnaneiiuleresiingumn i wazazAesnauluiiAnIsaanaINqARLENaIe AU

a

FAnvindum e luatd s lndAs iy



14

A
LG e circumferential
; circulation velocity
velocity
tes |
=
s acceleration
diffusion ressure
concentration
—
S
viscous core region

A9Enall 5 LaAINITNARFINATUAZ AN NANNUSUDIANNAULAZAIN G TN AN T L eI

AuszazluiAnaaanaInanAugNaanN1smyL [6]
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2.4 ‘Vlﬂ‘lzl'i]ﬂ"lﬁﬂ']uqml,%ﬂwaﬁ']ﬂﬁlﬁ"ll’ﬂﬂ‘lﬂﬂ
2.4.1 NYHHNITAUIINFANATNINAAIARTLRI 1A
1ummc]:mﬂmﬂuﬂqumﬁﬁmﬂmm'w] WasuulaInannszazinanUadnIT ALY
Tfguuuiagt  Mldnsenismawenantimsnas  lunaljifasldudnnisaesaaas
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wazlunilfinausinnsiadesianizanan wWetiunisygnsiuannis Navier-Stokes Azl

ANN17ANNFABLTAY

olpu) o (-- ) 85+5f_u (11)

OX; a_xJ

penmas (_)mwﬁqmL@ﬁmmﬁmﬂiﬁuj wazman () uneeAwlsteu
(Fluctuation) ﬁ@%’u@ﬂﬁqwmmmaﬂ ann1genanafaniuluninannig Reynolds Averaged
Navier-Stokes %78 RANS fatiignnis RANS agtsenavsmsmaniadauaniumenmlslsn

P P o . = | o a X =<
AINANNITN (11) wFauiauiuannii (4) D9 (6) ITNUINUNANNNHNULNININAN

b
b
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ou,  ou;
Ty =Mt (12)

oX; O

dgl [~ o oI/ [ 4 dl % 1 Y v % 1

weanilidusunuaesannulsluresnisiuativieanazsadi ldnaaBuda luneusiudn  wneu
wilstlsaugnunuiisnsuuuanasanis latiulowne Waunisnisluaanunsamnan s

wuuaaesnsiratiululliaendvanauuusieiu  d1m5un1saraesnisiuaiiie

I e o i ° [ o y i a

1RTINNGNNUS Constantinescu[2] wuzan Wl uuuanaasnisiuatiutauaiia Two Layer k-E
FafluluuanaesnasauAgunIsAuanINIg Inadaniisduiuganiiaoafinnd uazdsdonlidng
1 o dl [ o K K dl dl %
AanisATUInsliasan lifasAnileteNeaulaauaauils

NANNITATUINTRY Two Layer k-€ Aan1sutaanisAunatu 2 wmsaeiuldun(11]

dl y I = IS £
LA 1 mﬂumﬂmmuﬂuﬂqumm HRTANAINHNNUAURE

nzAundlusilduuuanassnisvatiutlou k-€ vizenasnuaal(Kinetic) wasens

n1sdang(Dissipation) ANANAL k AMuateldanngunisidumas € ldainnisaamn wazlunis

WA NdNRusneatinAanssesdannmgunnisivawuutiulon uarldinansenuaes

A

1 1 1 £
ANUTANIIAEades (Fully Turbulence) waziiesininlfannisilldainnsnldmuaninisiva

¥
o

a dldl = = | ] o o ¥ o | v
mmmmmqummmmﬁwumLﬂumummmim AUNTULLANARY k- LHumal

Transport Equation @151 k

Transport Equation 4151 €

2

De o© U, | Og £ &
—_— = +—|—1|+C,—G, +C,.G,)-C,.p—
P Dt aXi |:(/J . ]axij| le k( k 3¢ b) 2: P k (14)
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\Na L4, = Eddy Turbulent Viscosity bazRANNANAUEAE
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a7 2 N3 WaTaNdsadnasnsnutaudud ATy

o d” 173 [J y I 1 = o dl
mammmhmmmﬂmuh LL‘]_I‘LI"’V]@‘ﬂ\'iﬂ’]?1ﬁ@ﬂuﬂQuL‘ﬁuLﬂHQﬂUﬂqﬁiﬂﬂluLﬂIFI‘VI 1

WNENUFANTIDY L, ATUITUATN

ﬂt:pc,u\/m (16)

%
g:kl_ (17)
e
_ - }
|, =C,y|1-exp| - (18)
L # —
_ ne N
I =C,y 1—exp(—A—yj (19)

2.4.2 MIAAATAANNIIAILAN (Discretization)
TupauselndsaniliaunisnIuANABNITIABNIBARATAANNTATLANAINGTY 39
{uaneAan1sleun 1.) Finite Difference Method (FV) 2.) Finite Volume Method (FV) Uz 3.)
Finite Element Method
Fluent 1flultlsunsndniFagtiiAuoniuuiinug ueeddan1mmig Finite Volume T9ay
{ =2 o o dgj
nannielnedalfan
Finite Volume Method 14#1§114224 Integral Form 2@sanniseyiusiduqnEusiu
d” ajl o ] [~ 1 s !
waziunAuIugniteaniduFuInstesauImanizendfsuImsALAn. (Control Volume)
UsnmsaauRuviaaagnAtunlng ldaunseyiug uglees Integral Form suaauengns
(Centroid) mmLwi@zﬂ?mmuﬁamﬂﬁuﬁqu,ﬂ'a‘ﬁmjﬁﬁ@qmngﬂﬂ?:mmm (Interpolation)
- o X a o v A s | . o v
anqagugnaaiueaslUgsuiaiunduseireqaseteuwsiaz BuIasALANTIMEs g
di/ o 4 o (874 4 a S o Y a 1 a o A dl | %
wigilearinlinsAuenlidiesdsBeanniiingnegau Winan viseaudusiu
Tisunss Fluent[12] vinnnsaaesaannisraunxiiiuanntsivaatin e luguuui

ansnAnndsioaaldlagldmetinaesiiuinsacuan  NAMAANNITAILANATYNBLT

dl ] dl Y | = a all o o s
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§opv-d A=fT,Vp-d A+LS¢dV (20)
Tmef

P = ANUUUNLLY

o = ARIAFAIINLEY

A= NAMNAFURINLAY

Ty = ANAINRINNTUNS (Diffusion) TUNAN ¢

Ve = inahauaes § delAwingu (0¢/ox)i + (041 dy)j

1132101 2 1A

So = AR LTEATEA f AeuilaLFunsaILAN

Qi % a a dl 1 dl v Qi
N@Wiﬂ@qﬂﬂqﬁ"ﬂu%Lﬂ’i‘b‘lZ\iNﬂWﬁ‘ﬂ’]U@'NVlLLﬁlﬂzﬂ?ﬁJqﬁlﬁ‘ﬂNﬁﬁN@Nﬂq?Vl (20) LL@@QVLQWWN@N‘HW?V]

(21)

N faces N N N faces N
D pivi g At = T,(Vg), At +SV (21)
f f
il
Nces = uauiuinfilnden s
i = pnaea § g lmasinuiuis £
. bl A = Windresanzediuadiivatiuiiia
Al = fuRRe raeiAwint A= ‘Axi +A, j‘ Tuszunu 2
7
(Vg), = @13 Vg lufennaseanniuiui 1
4 = 1unsesaad

annsniilugiuuugevinaresannisaaunnllsunsy Fluent i ld g lunsAuanudedaiae
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2 4.3 WUULNUNITANWILTNFaLaY (Numerical Scheme)
T1aq1uHNA4ENARAULLLUNUNNTATUIANAATININNNE  T9UDNA1DURNITULIL

weu g lunsanuadlne dllsunss Fluent fail

2.4.3.1 WULLKLATHARNFUaNSWALAaY (2" -order upwind differencing scheme)
ac ] v [ % o o va 1 o o % 49{
WULUNWABHARF AN UAUARgNWENLN IR A NLH U TunsA s liigean  Tae
aNABaYNINTLNYTRINIARS (Taylor Series Expansion) ansautlsnqadunatitasang

PrunmspaLANudaiinIslszinuAfnefeansiiaaaduias AMudasannii (22)

# = 4+Vg-AS 22)

1 i i v =
Tnef ¢ uaz Vg raamaulafiandudnatesasiazAi Gradient NFULNT8addu AS

Q a

A & [ % e v a & | dl ' [ ¥ a
ﬂﬂL'N’]L[ﬂ'ﬂﬁ‘ﬁ‘ZElt“]J@Wﬂﬂ@uﬂﬂ@%‘iiﬂﬂ\m%lﬁﬁ@@ AN V¢V]LLW@ZL%@@‘V]’]iﬂW]ﬂﬂ']’m%qt’rﬂ

Divergence Theorem WA LA AIZNNI (23)

Vo= TG A (23)

f

o

- % d‘ ! o ! a‘d‘ a
¢f m%mnmm%mwmmLL‘}J?¢ FENINIAANBEYAANU

2.4.32 WUULWHUATINARI9AMBAIIRAA (Quadratic Upstream Interpolation for

Convective Kinetics Differencing Scheme, QUICK)

as 1 a 1 o o o dIQ o
WULLNUASHARNNA8AIAA M TUN1TU seun A & nsusiaul g ¢ NNATANURINBNNNT

. ada I 9/‘3 1 dl 1 % o
N1 (Convection) iu@llﬂq?ﬂ'lll@ll ')ﬁﬂ'ﬁ‘ﬂﬁ‘ﬁﬂ’m«m’]%ﬁwuﬁqu‘ﬂﬂ\?ﬂ’]L'ﬂ@?;lflﬁl\'lu’]ﬂlm

o

(Weighted Average) fuanifuaudassniunislssunmiAdiunane aannwdseney 6

a ¥

a dld’l a % ¥ A o A 1 dl Y o
WANTUINWUNI € mmﬂmL'im]’mmqmwmﬂm 1ﬂ£|\‘1‘ﬂ"3’]3~l'ﬂ ANNITOUIATURN ¢ ne 1@@@

ANNN9N (24)
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fuALAeY TuN1sAUIMg AN HaNlT 6 = %

v a

am189 QUICK Aalinan1?A i@ niuLLLIaNaa9nLily Structure Grid 18iuadein

2.4.3.3 WWULHLWAT PRESTO

PRESTO Henldlunisudileyminisiuanan Rayleigh-Number 47 vi3an1sliauiiniigi

1
A o

dl < A | o [ k% d’ 2% o dl 1 o d’(
NAINHETIQY m@mﬂmmu aﬂmqmmmwgu udu Teaglian1sA LU NNy

2.4.4 n3m (Grid)
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v
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Ell 9
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8. Near Wall Treatment Enhance Wall Treatment
9. Model Constant 1. Cmu =0.0845
2. C1-€ =1.42
3. C2-€ =1.68
10. Water Density 998.2 kg/m”
11. Viscosity 0.001003 kg/m s
12. Under Relaxation Factors 1. Pressure = 0.3
2. Density =10
3. Body Force =1.0
4. Momentum = 0.7
13. Discretization Pressure PRESTO
Pressure Velocity SIMPLEC
Coupling
Momentum QUICK
Turbulence Kinetic 2" Order
Energy Upwind
14. Time Step 0.05 3u"%
15. Max lteration / Time Step 50 lteration
16. Convergence Criteria (Residual) Continuity 0.00018
x-Velocity 1e-05
y-Velocity 1e-05
z-Velocity 1e-05
k 1e-05

TsunsuAnuaniuuenlazesnsiuanldpeda (Unsteady Flow) wagld k-€ luuuuanaesnng

Twatiutlow
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Streamlines of Floor Surface Vortice
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Abstract

The flow characteristic in sump with suction pipe was
numerically studied utilizing Computational Fluid Dynamics
(CFD) technique based on a finite volume method (FVM).
The Reynolds-Average Navier-Stokes (RANS) equation with
two-layer k-€ model was solved unsteadily through out the
numerical model. It was found that our numerical results
agreed well with the experimental results conducted by [4].

Moreover, in our studied, a simple geometry vortex
breaker was added at the bottom of sump for the purpose of
preventing the vortex. And it was observed that only floor
surface plane that vortex was weakening, the other three
planes along the sump walls gave a greater strength with
additional small vortexes surrounding the breaker.

Keywords: sump, submerged vortex, vortex breaker, CFD

1. Introduction
In the designing of water sump process, one of the most
important things that must bring into the consideration is the
occurrence of the cavitations since they are directly harmful to
the pumping system. They reduce the efficiency and the
operating life of the pump by hydraulically impacting to the
pump impeller and casing[1], and in addition, the cavitations
also cause the structure vibration and the noise through out the
building.
Cavitations could be classified into two types as the way

they were inception, 1) Free surface vortex and 2) Submerged

vortex. The latter is the major concerns since they are more
complicated in the occurrence and prevention. Thus vortex
breakers are often used to prevent both type of vortex. Due to
the various applications and actual site conditions, many types
[2] of vortex breakers are provided. However, there are not
much the studies of the flow characteristics in such
applications. Only a few studies of the following researches
were conducted.

Constantinescu[3] developed the numerical model to
simulate three dimensional flow field in the pump intake bay.
The model was solved by RANS with the two-layer k-E
model in curvilinear coordinate. The near wall flow was also
taken into account to this turbulent model which is important
for prediction of the wall attached submerged vortex. The
numerical model was approximately 550,000 of grid points
and was tasted for the grid dependency with lower resolution
to 220,000 with no difference more than 4%. The calculation
also continued on Reynold’s number of 20,000 and 60,000 for
on the coarse and fine grid, respectively.

Rajendran [4] conducted the laboratory sump to validate
his numerical model. The flow properties in the sump were
measured by PIV and the result was compared to the
numerical model calculated by using CFD. The model of the
Reynolds-Average Navier-Stokes (RANS) equation was
solved with two-layer k-E model at steady state condition. The

results came out agree well with experimental one. This

experimental model of the sump without vortex breaker will



also be used as a validation for our investigation before adding
the vortex breaker in the sump.

Constantinescu[5] had compared the two type of turbulent
models for their roles and the influence of wall roughness on
the prediction of location, size, and strength of different type
of vortexes. The k-€ and k-(0 model were used and their
result were similar in shape and size but gave a different in
strength and location which depended on the near-wall flow
treatment. The roughness of the wall was weakening the
strength of vortices which may be use as one of vortex
suppression.

Ansar[6] also conducted the laboratory model with single
and dual pump and compared the results with the numerical
model. The cross flow and no cross flow case were taken into
account in both experimental and numerical model.

The goal of our research was to study the flow pattern and
phenomenon such as the change of streamline, the strength of
each vortex, and quantity of vortex before and after the
breaker was installed. Therefore, there was unnecessary to use

the complicated shape and installation location of the breaker.

2. Experimental and Numerical Models

As previously mentioned, the model of Rajendran[4] was
use to validated the numerical model, the sump is 308 mm. in
width, 1120 mm. in length, and 211.2 mm. in height, the
suction pipe is 88 mm. in diameter and was placed eccentric to
the sump to make the imbalance of the incoming flow. Inlet
velocity is 0.003 m’/s and placed at the far end of the sump
wall. The Reynolds based on pipe diameter and the average
inlet velocity in pipe was 45,000 and the Frude (F) and the
Weber (W) Number were 0.55 and 325, respectively. This
model could produce one-free surface and four-submerged
vortex along the walls bounded the suction pipe as shown in
figure 1 but since the free surface vortex was not much
complicated in prevention, this research was focused only the

submerged one, therefore, the comparison of free surface

81

vortices was not shown here.

Sidewall 1
7

Intake pipe

_’i oW

_i Sidewall 2

Figure 2. Computational Grid

The numerical were carried out on a structured grid of
578,000 points as shown in Figure 2. RANS and RNG k-E
Model (Enhance Near-Wall Treatment) were solved in 3D
with implicit and unsteady condition.

Finally, a vortex breaker was added into the model of
sump pump at the bottom of the sump as shown in figure 3.
The flow condition used for this model was the same as the
model of the previous one.

Breaker was rectangular with the same width as sump.

The height of 70.4 mm was used (Which is exactly equal to
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the gap between sump bottom and the inlet of suction pipe). directions are not different but the location is still in doubt

The thickness of the breaker was assumed to be infinity thin. since the referenced paper did not exactly show the location of

each vortex at each plane of sump wall.

Figure 3. Computational Grid showing Vortex Breaker on the

Sump Bottom
The model also was tested for the Grid dependency with a
higher and lower resolution of the cell. The results were

compared for the location, strength, and the size of vortex.

3. Numerical Results

The numerical results are presented by cutting the plane at
some distance parallel to each sump wall and denoted as 1), a) b) )
Floor surface, 2). Backwall Surface, 3). Sidewall 1 Surface, Streamlines of Sidewall 2 Surface Vortice

and 4). Sidewalls 2 Surface, the distance from the wall,

respectively, were; Figure 4. Streamline comparison; a) Numerical Model of
®  Floor Surface =0.25d from Floor referenced paper, b) Experimental model of referenced paper,
®  Backwall Surface =0.23d from backwall ¢) Numerical model of this paper

®  Sidewall 1 Surface = 0.25d from sidewall 2
® Sidewall 2 Surface =0.15d from sidewall 1 As the streamline only do show the graphical comparison,
hence, the numerical points of view are required. Figure 5
3.1 Comparison with Referenced Paper illustrates the results of calculation compared with the
The streamlines are shown in figure 4 comparing between ~ referenced paper, the calculation are presented in the

the experimental and the numerical model. Circulation  dimensionless parameter as 1/d, Vg/V, and I'/Vd
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Figure 5. Tangential and circulation comparison

The numerical results of the overall data yields the same
trend as experimental results. However, the calculation results
are closed only at the small radius of vortices. At larger radius,
the tangential velocity and the circulation are drop steeply but

there are sufficient for this study.

3.2 Numerical Results of Sump with Vortex Breaker

After the vortex breaker has been added to the sump, there
are some changes of flow pattern especially at the plane of
floor surface, sidewall 1 surface, and sidewall 2 surface. This
caused by the change of sump geometry with the additional
breaker. However at the back wall surface, there are not much

changed of the flow pattern, as shown in figure 6.
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At the floor surface plane, there are 4 additional vortices
observed close to the breaker and the sump wall. However, the
strength of these vortices is not much grater. While the vortex
at the same location where breaker has not been install is

weaker as shown in Figure 7

Sidewall 2 Surface Vortex

Figure 6. Streamline comparison; a) Without breaker, b) With

breaker
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At sidewall 1 and 2, breaker produces additional vortex in
front of the breaker. It is shown in Figure 7 that the strength of
vortex at the same locations where the breaker has not been
placed is stronger. This indicates that such type of breaker is

not applicable to prevent vortex in these two planes.
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At the back wall plane, although the flow pattern does not
change too much, but the breaker gives a greater strength of

vortex as occurred at sidewall 1 and sidewall 2.

4. Conclusion

The calculation results revealed that numerical model
gave the deviated flow data from the experimentation.
Nevertheless, they were in the same trend and direction
especially at the small radius of vortices which the calculation
was significantly close to the experimental. This is a cheap
and fast way in designing of sump which will give the
designers a preliminary conclusion before the real sump with
true or smaller scale is constructing.

The breaker that added in the sump did not help in
prevention for all of the vortexes. On the other hand, the small
strength of vortexes were generated around the breaker at
some plane. These vortexes, with the flow conditions such as
inlet velocity is not change, may not be accounted if they are
not creating the air core.

To prevent the vortex in the sump, it requires more than
just a simple geometry of vortex breaker since the
phenomenon of submerged vortex are too complicated and
many times the site condition are totally different from what
had been specify in the any Handbooks. Therefore, a careful
calculation must be taken since it directly effected on the cost
and construction time.

The simulation results were given only for the vortex
breaker that had a fixed dimension in length, width, and
height. As previously mentioned, the vortex at some planes
such as backwall and sidewall could not be eliminated. On the
other hand, there is stronger vortex strength occurred in this
vicinity. It is interesting that such parameters have an
influence on the vortex prevention or not. Hence it might be

the subjects for the next stage of this research area.
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Notation

The following symbols are used in this paper:

T

d

Vo

= radial distance from vortex center [m]
- Suction pipe diameter [m]

= tangential velocity [m/s]

= average velocity in intake pipe [m/s]

= circulation [mz/s]
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Back Wall
Validated Model Case 1.1 (max=3 4032254) Case 1.2 (max=14312435) Case 1.3 (Max=24.254)
Al Area Rave Area Ravs Area Rais Area R
Z-Vorticity 2 T Ravefd 2 T Rave/d 5 i Raveld GE) T Raveld

0.5 0.000345442 0.0105 0.1191
1.0 0.000220687 0.0084 0.0952
1.5 0.000149145 0.0089 0.0783]
2.0 1.0074E-03 0.0179 0.2034] 9.3337E-05 0.0054 0.0619] 4.7861E-04 0.0124]  0.1404] 1.8137E-03 0.0240 0.2730
25 4.5949E-05 0.0038 0.0435
30 1.1760E-05 0.0019 0.0220
40 5.9880E-04 0.0138 0.1569 3.1493E-04 0.0100 0.1138] 8.4658E-04 0.0164 0.1865,
6.0 3.8041E-04 0.0110 0.1250 2.1839E-04 0.0083 0.0847| 55177E-04 0.0133 0.1506
8.0 2.3627E-04 0.0087 00985 1.4580E-04 0.0068 0.0774] 3.6286E-04 0.0107 0.1221
10.0 1.5738E-04 0.0071 0.0804, 8.1451E-05 0.0051 0.0579] 2 7186E-04 0.0083 0.1057]
12.0 1.0323E-04 0.0057 0.0651 3.7528E-05 0.0035 0.0393| 2.0223E-04 0.0080 0.0912
14.0 5.4940E-05 0.0042 0.0475 5.9483E-07 0.0004] 0.0048] 1.5151E-04 0.0069 0.0789
16.0 1.4562E-05 0.0022 0.0245 0.0059 0.0672
18.0 2.1552E-07 0.0003 0.0030 0.0049 0.0551
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Side Wall 1
Validated Model Case 1.1 Case 1.2 Case 1.3 (Min=-22.23)
-~ Area Rave Area e Area Rave Area Rave
Z-Vorticity o] ) Rave/d ) T Rawefd 0] ™ Rave/d o] T Rayefd
-20.0 48791E-05 0.0039 0.0448
-18.0 9 .3062E-05 0.0054 0.0618
-16.0 1.3973E-04 0.0067 0.0758
-14.0 1.9278E-04 0.0078 0.0890
-12.0 2.5561E-04 0.0090 0.1025
-10.0 3.3214E-04 0.0103 0.1168
-8.0 4.2494E-04 0.0116 0.1321
-6.0 5.4058E-04 0.0131 0.1480:
-4.0 7 1265E-04 0.0151 01711
-2.2 1.5880E-05 0.0022 0.0255 9.6077E-04 0.0175 0.1987
-2.1 1.4177E-04 0.0067 0.0763] 9.8073E-04 0.0177 0.2007
-2.0 2. 7997E-04 0.0094 0.1073] 1.0016E-03 0.0179 0.2029
-1.9 4.3130E-04 0.0117 0.1331 1.0234E-03 0.0180 0.2051
-1.8 59313E-04 0.0137 01581 1.0462E-03 0.0182 0.2073]
1.7 7.7160E-04 0.0157 0.1781 1.0857E-03 0.0186 0.2112
-1.6 1.0184E-03 0.0180 0.2046 1.1366E-03 0.0190 0.2161
15 1.2731E-03 0.0201 0.2287) 1.2074E-03 0.0196 0.2227
1.4 1.5403E-03 0.0221 0.2516 1.3230E-03 0.0205 0.2331
-1.3 1.8296E-03 0.0241 02742 1.4486E-03 0.0215 0.2440
= ° a ° 1 v a & s s
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Side Wall 2
Validated Model Case 1.1 Case 1.2 Case 1.3 (Min=-31.64)
Area Rie Area R Area Rave Area R
Z-Vorticity ) T Rave/d ) T Ravefd 3 o) Rave/d 3 ) Ravefd
-30.0 2.8127E-05 0.0030 0.0340:
-25.0 1.1005E-04 0.0058 0.0672
-20.0 2.2076E-04 0.0084 0.0952
-10.0 5.9608E-04 0.0138 0.1565
-7.0 1.4371E-05 0.0021 0.0243] 7 9698E-04 0.0158 0.1810
-6.5 4.9458E-05 0.0040 0.0451 8.3819E-04 0.0163 0.1856
-8.0 8.8028E-05 0.0053 0.0601 8.8527E-04 0.0168 0.1907
-5.5 1.3522E-04 0.0066 0.0745) 9.3960E-04 0.0173 0.1966)
-5.0 1.9054E-04 0.0078 0.0885) 1.0078E-03 0.0178 0.2035
-4.5 2 6265E-04 0.0081 0.1039 1.0864E-03 0.0186 0.2113
-4.0 3.7616E-04 0.0109 0.1243 1.1643E-03 0.0192 0.2187
-38 5.5312E-04 0.0133 0.1508 1.2457E-03 0.0199 02262
-3.0 7.2074E-04 0.0151 01721 1.3434E-03 0.0207 0.2349
-25 9 3305E-04 0.0172 0.1938] 1.4540E-03 0.0215 0.2444
a ° a ° 1 v a o s s
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Floor Surface
Validated Model Case 2.1 Case 22 Case 2.3 (Max=56.269)
i Area R Area Ruve Area R Area =
Z-Vorticity D G Reyeld ) T Rave/d ) T Rayefd ) T Rawe/d
-52.0 3.6128E-06 0.0011 0.0122 1.0318E-06 0.0006! 0.0065
-50.0 6.9582E-06 0.0015 0.0168 1.3802E-06 0.0007 0.0075
-45.0 1.6395E-05 0.0023 0.0260 2.3816E-06 0.0009 0.0093
-40.0 2. 7363E-05 0.0030 0.0335 2 5006E-07 0.0003[ 0.0032] 3.7817E-06 0.0011 0.0125
-35.0 4 0736E-05 0.0036 0.0408 1.8547E-06 0.0008! 0.0087] 6 7706E-06 0.0015 0.0167
-30.0 5 7E96E-05 0.0043 0.0487 4. 7933E-06 0.0012 0.0140] 1.2021E-05 0.0020 0.0222
-25.0 7.8855E-05 0.0050]  0.0568 8.9763E-06 0.0017[ 0.0182] 2.0980E-05 0.0026] 0.0294
-20.0 1.0778E-04 00059 0.0865] 6 7605E-08 0.0015 0.0167] 1.6158E-05 0.0023[  0.0258] 3.0835E-05 0.0031 0.0356
-15.0 1.4792E-04 0.0089 0.0780] 6.0437E-05 0.0044 0.0498| 3.2780E-05 0.0032[ 0.0367] 4.2521E-05 0.0037 0.0418
-10.0 2.0912E-04 0.0082 0.0827] 2.2220E-04 0.0084 0.0955] 1.2454E-04 0.0063! 0.0715] 8.2825E-05 0.0051 0.0584
-5.0 4.3207E-04 0.0117 0.1332] 5.0838E-04 0.0127 0.1445] 4.2519E-04 0.0118! 0.1322) 5.0890E-04 0.0127! 0.1447
-1.0 2.5704E-03 0.0286 0.3250] 3.0387E-03 0.0311 0.3533]
a [ ) [ 1 Qs a 6’3 14 d
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Back Wall
Validated Moclel Case 2.1 Case 2.2 Case 2.3 (Max=24.254)
Z-Vortioity Area Bl R../d Area Rag R,./d Area P Ruwc/d Area Ry R,./d
() (m) (m2) (m) (m2) {m) (m2) {m)
20 1.0074E-03 0.0179]  0.2034] 1.0160E-03 00180 0.2043| 1.0768E-03 0.0185] 0.2103] 1.87137E-03 0.0240]  0.2730
40 5.9880E-04 0.0138]  0.1569] 61285E-04 00140]  0.1587] 6 2796E-04 0.0141 0.1606] 8 4658E-04 00164 0.1865
6.0 3.8041E-04 0.0110]  01250] 3.9023E-04 0.0111 01266] 4.3378E-04 0.0117]  01335] 5.5177E-04 0.0133]  0.1506
8.0 2.3627E-04 0.0087 0.0985] 2 422BE-04 0.0038 0.0998] 2 9456E-04 0.0097 01100} S5.6286E-04 0.0107 0.1221
10.0 1.5739E-04 0.0071 0.0804] 1.6657E-04 0.0073 0.0827] 2.1491E-04 0.0083 0.0940] 2.7186E-04 0.0093 0.1057
12.0 1.0323E-04 0.0057 0.0651] 1.1091E-04 0.0059 0.0675| 1.5589E-04 0.0070 0.0800 2.0223E-04 0.0080 0.0912
14.0 5.4940E-05 0.0042]  0.0475] 6.4005E-08 0.0045]  0.0513] 1.0783E-04 0.0059] 0.0866] 1.5151E-04 00069  0.0789
16.0 1.4562E-05 0.0022]  0.0245] 2.0844E-05 0.0026] 0.0293| 6 8405E-05 0.0046] 0.0522] 1.0985E-04 0.0059] 0.0672
18.0 2.1552E-07 0.0003]  0.0030] 1.2686E-06 0.00068] 0.0072] 3.1550E-05 0.0032] 0.0360] 7.3963E-05 00049  0.0551
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Side Wall 1
Validated Model Case 2.1 Case 2.2 Case 2.3 (Min=-22.23)
Area Rava Area R Area R Area R
Z-Vorticity ) o Raveld o) i) Ravwe/d ) o Ravefd T o Raveld
-20.0 4.8791E-05 0.0039 0.0448
-18.0 9.3062E-05 0.0054 0.0618
-16.0 1.3973E-04 0.0067 0.0758
-140 1.9278E-04 0.0078 0.0880
-12.0 2.5561E-04 0.0080 0.1025
-10.0 3.3214E-04 0.0103 0.1188
-80 4.2404E-04 0.0116 0.1321
-5.0 3.7424E-05 0.0035 0.0392| 5.4058E-04 0.0131 0.1480
-40 1.7024E-04 0.0074 0.0836] 7.1269E-04 0.0151 0.1711
-22 1.5880E-05 0.0022 0.0255 4.01N61E-04 0.0113 01 285' 9.6077E-04 00175 0.1987
-21 1.4177E-04 0.0087 0.0763 4 2075E-04 0.0118 01315] 9.8075E-04 0077 0.2007
-2.0 2.7997E-04 0.0084 0.1073 4.4142E-04 0.0119 0.1347| 1.0016E-03 0.0179 0.2029
-18 4.3130E-04 0.0117 0.1331 4.6331E-04 0.0121 0.1380] 1.0234E-03 0.0180 0.2051
-1.8 S.9313E-04 0.0137 0.1561 4.8640E-04 0.0124 0.1414] 1.0462E-03 0.0182 0.2073
1.7 7.7160E-04 0.0157 0.1781 5.1072E-04 0.0127 0.1448] 1.0857E-03 0.0186 0.2112
-1.6 1.0184E-03 0.0180 0.2046] 1 4363E-06 0.0007 0.0077] 5.3604E-04 0.0131 01484 1.1366E-03 0.0120 0.2181
=18 1.2731E-03 0.0201 0.2287] 2.3891E-05 0.0028 0.0314] 58273E-04 0.0134 0.1521] 1.2074E-03 0.0196 0.2227
14 1.5403E-03 0.0221 0.2516] 58400E-05 0.0043 0.0490] 5.9088E-04 0.0137 0.1558] 1.3230E-03 0.0205 0.2331
=13 1.8296E-03 0.0241 0.2742] 1.0492E-04 0.0058 0.0657| 6.2628E-04 0.0141 0.1604] 1.4486E-03 0.0215 0.2440

¥
%
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Side Wall 2
Validated Model Case 2.1 Case 2.2 Case 2.3 (Min=-31.64)
Z-Vorticity Area Rays R,./d Area Rave R.../d Area Rava R,.fd Area R Ro.id
(m2) (m) (m2) (m) (m2) m) (m2) (m)

-30.0 2.8127E-05 0.0030]  0.0340
-26.0 1.1005E-04 0.0059 0.0672
-20.0 1.6015E-05 0.0023 0.0257| 2.2076E-04 0.0084 0.0952
-18.0 5.5926E-05 0.0042]  0.0479

-16.0 1.0867E-04 0.0059 0.06{35'

-14.0 1.7088E-04 0.0074 0.0837]

-12.0 2. 4734E-04 0.0089 0.1008

-10.0 3.3911E-04 0.0104 0.1180] 5.9608E-04 0.0138 0.1565
-3.0 4.4843E-04 0.0119]  0.1357

-7.0 1.4371E-08 0.0021 0.0243] 1.1608E-05 0.0018 0.0218] 5 1539E-04 0.0128 0.1456| 7 9598E-04 0.01329 0.1810
-85 4.9458E-05 0.0040 0.0451] 4.9634E-05 0.0040 0.0452| 55295E-04 0.0133 0.1807| 8.3819E-04 0.0163 0.1856
5.0 8.8028E-05 0.0053]  0.0601] 9 .3300E-05 0.0054]  0.0619] 5.9465E-04 0.0138]  01563] 8.8527E-04 00168 0.1907
-5.5 1.3522E-04 0.0066 0.0?45| 1.4536E-04 0.0068 0.0773] 6.3953E-04 0.0143 0.1621] 9.3860E-04 0.0173 0.1985
-5.0 1.9054E-04 0.0078 0.0885] 2.1682E-04 0.0083 0.0944] 6.8942E-04 0.0148 0.1683] 1.0078E-03 0.0179 0.2035
-45 2.6265E-04 0.0091 0.1039] 3.1271E-04 0.0100]  0.1134] 7.4720E-04 0.0154]  01752] 1.0864E-03 00186  0.2113
-4.0 3.7616E-04 0.0109 0.1243] 4 1859E-04 00115 0.1311] 81513E-04 0.0161 01830] 1.1843E-03 0.0192 0.2187
-3.5 9.9312E-04 0.0133 0.1508] 5.2517E-04 0.0129 0.1469| 8.9268E-04 0.0189 0.1915] 1.2457E-03 0.0159 0.2282
-3.0 7.2074E-04 0.0151 0.1721] 65573E-04 00144 0.1641] 9.9070E-04 0.0178]  02018] 1.3434E-03 00207 02349
25 9.3305E-04 0.0172]  01958] 82375E-04 00162]  0.1840] 1.1070E-03 0.0188]  02133] 1.4540E-03 00215 02444
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FLUENT
Version: 3d, segregated, rngke, unsteady (3d, segregated, RNG k-epsilon, unsteady)
Release: 6.0.12

Title:

Models
Model Settings
Space 3D
Time Unsteady, 1st-Order Implicit
Viscous RNG k-epsilon turbulence model
Wall Treatment Enhanced Wall Treatment

RNG Differential Viscosity Model Disabled
RNG Swirl Dominated Flow Option Disabled
Heat Transfer Disabled

Solidification and Melting Disabled

Species Transport Disabled
Coupled Dispersed Phase Disabled
Pollutants Disabled

Soot Disabled

Boundary Conditions

Zones
name id type
fluid.13 2 fluid
pressure-outlet-13 13 pressure-outlet

pipe-under-water-shadow 16 wall

breaker-invisible 3 interior
velocity_inlet.12 4 velocity-inlet
side-wall-near 5 wall
side-wall-far 6 wall
back-wall-surface 7 wall
bottom-surface 8 wall
pipe-under-water 9 wall

pipe-upper 10 wall




section-pipe-inlet 11 interior
upper-surface 12 symmetry
pipe-inlet 14 interior
pipe-section-upper-surface 15 interior
default-interior 17 interior
Boundary Conditions
fluid.13
Condition Value
Material Name water-liquid
Specify source terms? no

Source Terms

momentum (inactive . #f) (constant .

((mass (inactive . #f) (constant . 0) (profile )) (x-momentum (inactive . #f) (constant . 0) (profile )) (y-

0) (profile )) (z-momentum (inactive . #f) (constant . 0) (profile )) (k (inactive . #f) (constant . 0) (profile ))

(epsilon (inactive . #f) (constant . 0) (profile )))

Specify fixed values?

no

Local Coordinate System for Fixed Velocities no

Fixed Values

((x-velocity (inactive . #f) (constant . 0) (profile )) (y-velocity (inactive . #f) (constant . 0) (profile )) (z-

velocity (inactive . #f) (constant . 0) (profile )) (k (inactive . #f) (constant . 0) (profile )) (epsilon (inactive . #f) (constant . 0) (profile )))

Motion Type

X-Velocity Of Zone

Y-Velocity Of Zone

Z-Velocity Of Zone

Rotation speed

X-Origin of Rotation-Axis
Y-Origin of Rotation-Axis
Z-Origin of Rotation-Axis
X-Component of Rotation-Axis
Y-Component of Rotation-Axis
Z-Component of Rotation-Axis
Laminar zone?

Porous zone?

Conical porous zone?

X-Component of Direction-1 Vector
Y-Component of Direction-1 Vector
Z-Component of Direction-1 Vector
X-Component of Direction-2 Vector
Y-Component of Direction-2 Vector
Z-Component of Direction-2 Vector
X-Coordinate of Point on Cone Axis
Y-Coordinate of Point on Cone Axis
Z-Coordinate of Point on Cone Axis
Half Angle of Cone Relative to its Axis

Direction-1 Viscous Resistance

0
0
0
0
0
0
0
0
0
0
1
no
no
no
1
1
1
0
1
0
1
0
0
0
0




Direction-2 Viscous Resistance 0

Direction-3 Viscous Resistance 0
Direction-1 Inertial Resistance 0
Direction-2 Inertial Resistance 0
Direction-3 Inertial Resistance 0
CO Coefficient for Power-Law 0
C1 Coefficient for Power-Law 0
Porosity 1

pressure-outlet-13

Condition Value

Gauge Pressure 0

Radial Equilibrium Pressure Distribution no

Turbulence Specification Method 3
Backflow Turb. Kinetic Energy 1
Backflow Turb. Dissipation Rate 1
Backflow Turbulence Intensity 4e-06
Backflow Turbulence Length Scale 1
Backflow Hydraulic Diameter 0.003

Backflow Turbulent Viscosity Ratio 10

pipe-under-water-shadow

Condition Value
Enable shell conduction? no
Wall Motion 0

Shear Boundary Condition 0

Define wall motion relative to adjacent cell zone? yes

Apply a rotational velocity to this wall? no
Velocity Magnitude 0
X-Component of Wall Translation 1
Y-Component of Wall Translation 0
Z-Component of Wall Translation 0
Define wall velocity components? no
X-Component of Wall Translation 0
Y-Component of Wall Translation 0
Z-Component of Wall Translation 0
Rotation Speed 0
X-Position of Rotation-Axis Origin 0
Y-Position of Rotation-Axis Origin 0
Z-Position of Rotation-Axis Origin 0
X-Component of Rotation-Axis Direction 0
Y-Component of Rotation-Axis Direction 0

Z-Component of Rotation-Axis Direction 1




X-component of shear stress 0
Y-component of shear stress 0
Z-component of shear stress 0

breaker-invisible

Condition Value

velocity_inlet.12

Condition Value

Velocity Specification Method 2

Reference Frame 0

Velocity Magnitude 0.046118651
Coordinate System 0

X-Velocity 0

Y-Velocity 0

Z-Velocity 0

-

X-Component of Flow Direction

Y-Component of Flow Direction

o o

Z-Component of Flow Direction
X-Component of Axis Direction 1
Y-Component of Axis Direction 0
Z-Component of Axis Direction 0
X-Coordinate of Axis Origin 0
Y-Coordinate of Axis Origin 0
Z-Coordinate of Axis Origin 0
Angular velocity 0

Turbulence Specification Method 3

Turb. Kinetic Energy 0.0049999999
Turb. Dissipation Rate 1

Turbulence Intensity 4.9999999%¢-06
Turbulence Length Scale 1

Hydraulic Diameter 0.001

Turbulent Viscosity Ratio 10

side-wall-near

Condition Value
Enable shell conduction? no
Wall Motion 0
Shear Boundary Condition 0

Define wall motion relative to adjacent cell zone? yes

Apply a rotational velocity to this wall? no




Velocity Magnitude 0
X-Component of Wall Translation 1
Y-Component of Wall Translation 0
Z-Component of Wall Translation 0
Define wall velocity components? no
X-Component of Wall Translation 0
Y-Component of Wall Translation 0
Z-Component of Wall Translation 0
Rotation Speed 0
X-Position of Rotation-Axis Origin 0
Y-Position of Rotation-Axis Origin 0
Z-Position of Rotation-Axis Origin 0
X-Component of Rotation-Axis Direction 0
Y-Component of Rotation-Axis Direction 0
Z-Component of Rotation-Axis Direction 1
X-component of shear stress 0
Y-component of shear stress 0

Z-component of shear stress 0

side-wall-far

Condition Value

Enable shell conduction? no
Wall Motion 0

Shear Boundary Condition 0
Define wall motion relative to adjacent cell zone? yes
Apply a rotational velocity to this wall? no
Velocity Magnitude 0
X-Component of Wall Translation 1
Y-Component of Wall Translation 0
Z-Component of Wall Translation 0
Define wall velocity components? no
X-Component of Wall Translation 0
Y-Component of Wall Translation 0
Z-Component of Wall Translation 0
Rotation Speed 0
X-Position of Rotation-Axis Origin 0
Y-Position of Rotation-Axis Origin 0
Z-Position of Rotation-Axis Origin 0
X-Component of Rotation-Axis Direction 0
Y-Component of Rotation-Axis Direction 0
Z-Component of Rotation-Axis Direction 1
X-component of shear stress 0
Y-component of shear stress 0

Z-component of shear stress 0




back-wall-surface

Condition Value
Enable shell conduction?

Wall Motion 0
Shear Boundary Condition

no

0

Define wall motion relative to adjacent cell zone? yes

Apply a rotational velocity to this wall?
Velocity Magnitude

X-Component of Wall Translation
Y-Component of Wall Translation
Z-Component of Wall Translation
Define wall velocity components?
X-Component of Wall Translation
Y-Component of Wall Translation
Z-Component of Wall Translation
Rotation Speed

X-Position of Rotation-Axis Origin
Y-Position of Rotation-Axis Origin
Z-Position of Rotation-Axis Origin
X-Component of Rotation-Axis Direction
Y-Component of Rotation-Axis Direction
Z-Component of Rotation-Axis Direction
X-component of shear stress
Y-component of shear stress

Z-component of shear stress

bottom-surface

Condition Value

Enable shell conduction?
Wall Motion

Shear Boundary Condition

no

no

0

Define wall motion relative to adjacent cell zone? yes

Apply a rotational velocity to this wall?
Velocity Magnitude

X-Component of Wall Translation
Y-Component of Wall Translation
Z-Component of Wall Translation
Define wall velocity components?
X-Component of Wall Translation
Y-Component of Wall Translation
Z-Component of Wall Translation
Rotation Speed

X-Position of Rotation-Axis Origin

no




Y-Position of Rotation-Axis Origin 0

Z-Position of Rotation-Axis Origin 0
X-Component of Rotation-Axis Direction 0
Y-Component of Rotation-Axis Direction 0
Z-Component of Rotation-Axis Direction 1
X-component of shear stress 0
Y-component of shear stress 0
Z-component of shear stress 0

pipe-under-water

Condition Value
Enable shell conduction? no
Wall Motion 0

Shear Boundary Condition 0

Define wall motion relative to adjacent cell zone? yes
Apply a rotational velocity to this wall? no
Velocity Magnitude 0
X-Component of Wall Translation 1
Y-Component of Wall Translation 0
Z-Component of Wall Translation 0
Define wall velocity components? no
X-Component of Wall Translation 0
Y-Component of Wall Translation 0
Z-Component of Wall Translation 0
Rotation Speed 0
X-Position of Rotation-Axis Origin 0
Y-Position of Rotation-Axis Origin 0
Z-Position of Rotation-Axis Origin 0
X-Component of Rotation-Axis Direction 0
Y-Component of Rotation-Axis Direction 0
Z-Component of Rotation-Axis Direction 1
X-component of shear stress 0
Y-component of shear stress 0

Z-component of shear stress 0

pipe-upper

Condition Value

Enable shell conduction? no

Wall Motion 0

Shear Boundary Condition 0

Define wall motion relative to adjacent cell zone? yes
Apply a rotational velocity to this wall? no

Velocity Magnitude 0




X-Component of Wall Translation
Y-Component of Wall Translation
Z-Component of Wall Translation
Define wall velocity components?
X-Component of Wall Translation
Y-Component of Wall Translation
Z-Component of Wall Translation
Rotation Speed

X-Position of Rotation-Axis Origin
Y-Position of Rotation-Axis Origin
Z-Position of Rotation-Axis Origin
X-Component of Rotation-Axis Direction
Y-Component of Rotation-Axis Direction
Z-Component of Rotation-Axis Direction
X-component of shear stress
Y-component of shear stress

Z-component of shear stress

section-pipe-inlet

Condition Value

upper-surface

Condition Value

pipe-inlet

Condition Value

pipe-section-upper-surface

Condition Value

default-interior

Condition Value

Equations




Equation  Solved

Flow yes

Turbulence vyes

Numerics

Numeric Enabled

Absolute Velocity Formulation yes

Unsteady Calculation Parameters

Time Step (s) 0.050000001

Max. Iterations Per Time Step 50

Relaxation
Variable Relaxation Factor
Pressure 0.30000001
Density 1
Body Forces 1
Momentum 0.69999999

Turbulence Kinetic Energy ~ 0.80000001
Turbulence Dissipation Rate 0.80000001
Turbulent Viscosity 1

Linear Solver

Solver  Termination Residual Reduction

Variable Type Criterion ~ Tolerance
Pressure V-Cycle 0.1

X-Momentum Flexible 0.1 0.7
Y-Momentum Flexible 0.1 0.7
Z-Momentum Flexible 0.1 0.7
Turbulence Kinetic Energy  Flexible 0.1 0.7
Turbulence Dissipation Rate Flexible 0.1 0.7

Discretization Scheme

Variable Scheme
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Pressure PRESTO!

Pressure-Velocity Coupling  PISO

Momentum QUICK

Turbulence Kinetic Energy ~ Second Order Upwind

Turbulence Dissipation Rate  Second Order Upwind

Solution Limits

Quantity Limit

Minimum Absolute Pressure 1
Maximum Absolute Pressure 5000000
Minimum Temperature 1
Maximum Temperature 5000
Minimum Turb. Kinetic Energy ~ 1e-14
Minimum Turb. Dissipation Rate 1e-20

Maximum Turb. Viscosity Ratio 100000

Material Properties

Material: water-liquid (fluid)

Property Units  Method  Value(s)
Density kg/m3  constant 998.2

Cp (Specific Heat) j/kg-k  constant 4182
Thermal Conductivity w/m-k  constant 0.6
Viscosity kg/m-s  constant 0.001003
Molecular Weight kg/kgmol constant 18.0152

L-J Characteristic Length angstrom constant 0
L-J Energy Parameter k constant 0
Thermal Expansion Coefficient 1/k constant 0

Degrees of Freedom constant 0

Material: air (fluid)

Property Units  Method  Value(s)
Density kg/m3  constant 1.225
Cp (Specific Heat) j/kg-k  constant 1006.43
Thermal Conductivity w/m-k  constant 0.0242
Viscosity kg/m-s  constant 1.7894e-05
Molecular Weight kg/kgmol constant 28.966

L-J Characteristic Length angstrom constant 3.711
L-J Energy Parameter k constant 78.6

Thermal Expansion Coefficient 1/k constant 0
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Degrees of Freedom constant 0

Material: aluminum (solid)

Property Units  Method  Value(s)

Density kg/m3 constant 2719
Cp (Specific Heat)  j/kg-k constant 871

Thermal Conductivity w/m-k constant 202.4

2 9. puuaaalsauINguaUIAANNAzIRE R 578,025

FLUENT
Version: 3d, segregated, rngke, unsteady (3d, segregated, RNG k-epsilon, unsteady)

Release: 6.0.12

Title:

Models
Model Settings
Space 3D
Time Unsteady, 1st-Order Implicit
Viscous RNG k-epsilon turbulence model
Wall Treatment Enhanced Wall Treatment

RNG Differential Viscosity Model Disabled
RNG Swirl Dominated Flow Option Disabled
Heat Transfer Disabled

Solidification and Melting Disabled

Species Transport Disabled
Coupled Dispersed Phase Disabled
Pollutants Disabled

Soot Disabled

Boundary Conditions

Zones
name id type
fluid.13 2 fluid
pressure-outlet-12 12 pressure-outlet

pipe-under-water-shadow 15 wall

velocity_inlet.12 3 velocity-inlet
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side-wall-near 4 wall
side-wall-far 5 wall
back-wall-surface 6 wall
bottom-surface 7 wall
pipe-under-water 8 wall
pipe-upper 9 wall
section-pipe-inlet 10 interior
upper-surface 11 symmetry
pipe-inlet 13 interior

pipe-section-upper-surface 14 interior

default-interior 16 interior

Boundary Conditions

fluid.13

Condition Value

Material Name water-liquid

Specify source terms? no

Source Terms ((mass (inactive . #f) (constant . 0) (profile )) (x-momentum (inactive . #f) (constant . 0) (profile )) (y-
momentum (inactive . #f) (constant . 0) (profile )) (z-momentum (inactive . #f) (constant . 0) (profile )) (k (inactive . #f) (constant . 0) (profile ))
(epsilon (inactive . #f) (constant . 0) (profile )))

Specify fixed values? no

Local Coordinate System for Fixed Velocities no

Fixed Values ((x-velocity (inactive . #f) (constant . 0) (profile )) (y-velocity (inactive . #f) (constant . 0) (profile )) (z-
velocity (inactive . #f) (constant . 0) (profile )) (k (inactive . #f) (constant . 0) (profile )) (epsilon (inactive . #f) (constant . 0) (profile )))

Motion Type 0

X-Velocity Of Zone 0

Y-Velocity Of Zone 0

Z-Velocity Of Zone 0

Rotation speed 0

X-Origin of Rotation-Axis 0

Y-Origin of Rotation-Axis 0

Z-Origin of Rotation-Axis 0

X-Component of Rotation-Axis 0

Y-Component of Rotation-Axis 0

Z-Component of Rotation-Axis 1

Laminar zone? no

Porous zone? no

Conical porous zone? no

X-Component of Direction-1 Vector 1

Y-Component of Direction-1 Vector 1

Z-Component of Direction-1 Vector 1

X-Component of Direction-2 Vector 0

Y-Component of Direction-2 Vector 1
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Z-Component of Direction-2 Vector 0
X-Coordinate of Point on Cone Axis 1
Y-Coordinate of Point on Cone Axis 0
Z-Coordinate of Point on Cone Axis 0
Half Angle of Cone Relative to its Axis 0
Direction-1 Viscous Resistance 0
Direction-2 Viscous Resistance 0
Direction-3 Viscous Resistance 0
Direction-1 Inertial Resistance 0
Direction-2 Inertial Resistance 0
Direction-3 Inertial Resistance 0
CO Coefficient for Power-Law 0
C1 Coefficient for Power-Law 0

Porosity 1
pressure-outlet-12

Condition Value

Gauge Pressure 0

Radial Equilibrium Pressure Distribution no

Turbulence Specification Method 3

Backflow Turb. Kinetic Energy 1

Backflow Turb. Dissipation Rate 1

Backflow Turbulence Intensity 0.00039999999
Backflow Turbulence Length Scale 1

Backflow Hydraulic Diameter 0.003

Backflow Turbulent Viscosity Ratio 10

pipe-under-water-shadow

Condition Value
Enable shell conduction? no
Wall Motion 0

Shear Boundary Condition 0

Define wall motion relative to adjacent cell zone? yes

Apply a rotational velocity to this wall? no
Velocity Magnitude 0
X-Component of Wall Translation 1
Y-Component of Wall Translation 0
Z-Component of Wall Translation 0
Define wall velocity components? no
X-Component of Wall Translation 0
Y-Component of Wall Translation 0
Z-Component of Wall Translation 0

Rotation Speed 0
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X-Position of Rotation-Axis Origin 0
Y-Position of Rotation-Axis Origin 0
Z-Position of Rotation-Axis Origin 0
X-Component of Rotation-Axis Direction 0
Y-Component of Rotation-Axis Direction 0
Z-Component of Rotation-Axis Direction 1
X-component of shear stress 0
Y-component of shear stress 0
Z-component of shear stress 0

velocity_inlet.12

Condition Value

Velocity Specification Method 2

Reference Frame 0

Velocity Magnitude 0.046118651
Coordinate System 0

X-Velocity 0

Y-Velocity 0

Z-Velocity 0

X-Component of Flow Direction

Y-Component of Flow Direction

o O

Z-Component of Flow Direction
X-Component of Axis Direction 1
Y-Component of Axis Direction 0
Z-Component of Axis Direction 0
X-Coordinate of Axis Origin 0
Y-Coordinate of Axis Origin 0
Z-Coordinate of Axis Origin 0
Angular velocity 0

Turbulence Specification Method 3

Turb. Kinetic Energy 1

Turb. Dissipation Rate 1

Turbulence Intensity 0.00049999997
Turbulence Length Scale 1

Hydraulic Diameter 0.001

Turbulent Viscosity Ratio 10

side-wall-near

Condition Value
Enable shell conduction? no
Wall Motion 0
Shear Boundary Condition 0

Define wall motion relative to adjacent cell zone? yes
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Apply a rotational velocity to this wall? no
Velocity Magnitude 0
X-Component of Wall Translation 1
Y-Component of Wall Translation 0
Z-Component of Wall Translation 0
Define wall velocity components? no
X-Component of Wall Translation 0
Y-Component of Wall Translation 0
Z-Component of Wall Translation 0
Rotation Speed 0
X-Position of Rotation-Axis Origin 0
Y-Position of Rotation-Axis Origin 0
Z-Position of Rotation-Axis Origin 0
X-Component of Rotation-Axis Direction 0
Y-Component of Rotation-Axis Direction 0
Z-Component of Rotation-Axis Direction 1
X-component of shear stress 0
Y-component of shear stress 0

Z-component of shear stress 0

side-wall-far

Condition Value

Enable shell conduction? no
Wall Motion 0

Shear Boundary Condition 0
Define wall motion relative to adjacent cell zone? yes
Apply a rotational velocity to this wall? no
Velocity Magnitude 0
X-Component of Wall Translation 1
Y-Component of Wall Translation 0
Z-Component of Wall Translation 0
Define wall velocity components? no
X-Component of Wall Translation 0
Y-Component of Wall Translation 0
Z-Component of Wall Translation 0
Rotation Speed 0
X-Position of Rotation-Axis Origin 0
Y-Position of Rotation-Axis Origin 0
Z-Position of Rotation-Axis Origin 0
X-Component of Rotation-Axis Direction 0
Y-Component of Rotation-Axis Direction 0
Z-Component of Rotation-Axis Direction 1
X-component of shear stress 0
Y-component of shear stress 0

Z-component of shear stress 0
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back-wall-surface

Condition Value
Enable shell conduction? no
Wall Motion 0

Shear Boundary Condition 0

Define wall motion relative to adjacent cell zone? yes
Apply a rotational velocity to this wall? no
Velocity Magnitude 0
X-Component of Wall Translation 1
Y-Component of Wall Translation 0
Z-Component of Wall Translation 0
Define wall velocity components? no
X-Component of Wall Translation 0
Y-Component of Wall Translation 0
Z-Component of Wall Translation 0
Rotation Speed 0
X-Position of Rotation-Axis Origin 0
Y-Position of Rotation-Axis Origin 0
Z-Position of Rotation-Axis Origin 0
X-Component of Rotation-Axis Direction 0
Y-Component of Rotation-Axis Direction 0
Z-Component of Rotation-Axis Direction 1
X-component of shear stress 0
Y-component of shear stress 0

Z-component of shear stress 0

bottom-surface

Condition Value
Enable shell conduction? no
Wall Motion 0

Shear Boundary Condition 0

Define wall motion relative to adjacent cell zone? yes

Apply a rotational velocity to this wall? no
Velocity Magnitude 0
X-Component of Wall Translation 1
Y-Component of Wall Translation 0
Z-Component of Wall Translation 0
Define wall velocity components? no
X-Component of Wall Translation 0
Y-Component of Wall Translation 0
Z-Component of Wall Translation 0

Rotation Speed 0




17

X-Position of Rotation-Axis Origin 0
Y-Position of Rotation-Axis Origin 0
Z-Position of Rotation-Axis Origin 0
X-Component of Rotation-Axis Direction 0
Y-Component of Rotation-Axis Direction 0
Z-Component of Rotation-Axis Direction 1
X-component of shear stress 0
Y-component of shear stress 0
Z-component of shear stress 0

pipe-under-water

Condition Value
Enable shell conduction? no
Wall Motion 0

Shear Boundary Condition 0

Define wall motion relative to adjacent cell zone? yes
Apply a rotational velocity to this wall? no
Velocity Magnitude 0
X-Component of Wall Translation 1
Y-Component of Wall Translation 0
Z-Component of Wall Translation 0
Define wall velocity components? no
X-Component of Wall Translation 0
Y-Component of Wall Translation 0
Z-Component of Wall Translation 0
Rotation Speed 0
X-Position of Rotation-Axis Origin 0
Y-Position of Rotation-Axis Origin 0
Z-Position of Rotation-Axis Origin 0
X-Component of Rotation-Axis Direction 0
Y-Component of Rotation-Axis Direction 0
Z-Component of Rotation-Axis Direction 1
X-component of shear stress 0
Y-component of shear stress 0

Z-component of shear stress 0

pipe-upper

Condition Value

Enable shell conduction? no

Wall Motion 0

Shear Boundary Condition 0

Define wall motion relative to adjacent cell zone? yes

Apply a rotational velocity to this wall? no
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Velocity Magnitude

X-Component of Wall Translation
Y-Component of Wall Translation
Z-Component of Wall Translation
Define wall velocity components?
X-Component of Wall Translation
Y-Component of Wall Translation
Z-Component of Wall Translation
Rotation Speed

X-Position of Rotation-Axis Origin
Y-Position of Rotation-Axis Origin
Z-Position of Rotation-Axis Origin
X-Component of Rotation-Axis Direction
Y-Component of Rotation-Axis Direction
Z-Component of Rotation-Axis Direction
X-component of shear stress
Y-component of shear stress

Z-component of shear stress

section-pipe-inlet

Condition Value

upper-surface

Condition Value

pipe-inlet

Condition Value

pipe-section-upper-surface

Condition Value

default-interior

Condition Value
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Equations

Equation  Solved

Flow yes

Turbulence yes

Numerics

Numeric Enabled

Absolute Velocity Formulation yes

Unsteady Calculation Parameters

Time Step (s) 0.050000001

Max. Iterations Per Time Step 50

Relaxation
Variable Relaxation Factor
Pressure 0.30000001
Density 1
Body Forces 1
Momentum 0.69999999

Turbulence Kinetic Energy  0.80000001
Turbulence Dissipation Rate 0.80000001

Turbulent Viscosity 1

Linear Solver

Solver  Termination Residual Reduction

Variable Type Criterion  Tolerance
Pressure V-Cycle 0.1

X-Momentum Flexible 0.1 0.7
Y-Momentum Flexible 0.1 0.7
Z-Momentum Flexible 0.1 0.7
Turbulence Kinetic Energy ~ Flexible 0.1 0.7

Turbulence Dissipation Rate Flexible 0.1

Discretization Scheme

Variable Scheme

0.7
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Pressure PRESTO!

Pressure-Velocity Coupling SIMPLEC

Momentum QUICK

Turbulence Kinetic Energy ~ Second Order Upwind

Turbulence Dissipation Rate Second Order Upwind

Solution Limits

Quantity Limit

Minimum Absolute Pressure 1
Maximum Absolute Pressure 5000000
Minimum Temperature 1
Maximum Temperature 5000
Minimum Turb. Kinetic Energy  1e-14
Minimum Turb. Dissipation Rate 1e-20

Maximum Turb. Viscosity Ratio 100000

Material Properties

Material: aluminum (solid)

Property Units  Method  Value(s)

Density kg/m3 constant 2719
Cp (Specific Heat)  j/kg-k constant 871

Thermal Conductivity w/m-k constant 202.4

Material: air (fluid)

Property Units  Method  Value(s)
Density kg/m3  constant 1.225
Cp (Specific Heat) j/kg-k  constant 1006.43
Thermal Conductivity w/m-k  constant 0.0242
Viscosity kg/m-s  constant 1.7894e-05
Molecular Weight kg/kgmol constant 28.966

L-J Characteristic Length angstrom constant 3.711
L-J Energy Parameter k constant 78.6
Thermal Expansion Coefficient 1/k constant 0

Degrees of Freedom constant 0

Material: water-liquid (fluid)

Property Units  Method Value(s)
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Density kg/m3  constant 998.20001
Cp (Specific Heat) j/kg-k  constant 4182
Thermal Conductivity w/m-k  constant 0.6
Viscosity kg/m-s  constant 0.001003
Molecular Weight kg/kgmol constant 18.0152

L-J Characteristic Length angstrom constant 0
L-J Energy Parameter k constant 0
Thermal Expansion Coefficient 1/k constant 0

Degrees of Freedom constant 0

3 9. wuusdNaalsauLNaUAUIAAINNAZLIRA 838,374

FLUENT
Version: 3d, segregated, rngke, unsteady (3d, segregated, RNG k-epsilon, unsteady)
Release: 6.0.12

Title:

Models
Model Settings
Space 3D
Time Unsteady, 1st-Order Implicit
Viscous RNG k-epsilon turbulence model
Wall Treatment Enhanced Wall Treatment

RNG Differential Viscosity Model Disabled
RNG Swirl Dominated Flow Option  Disabled
Heat Transfer Disabled

Solidification and Melting Disabled

Species Transport Disabled
Coupled Dispersed Phase Disabled
Pollutants Disabled

Soot Disabled

Boundary Conditions

Zones
name id type
fluid.13 2 fluid
pressure-outlet-12 12 pressure-outlet

pipe-under-water-shadow 15 wall
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velocity_inlet.12 3 velocity-inlet
side-wall-near 4 wall
side-wall-far 5 wall
back-wall-surface 6 wall
bottom-surface 7 wall
pipe-under-water 8 wall
pipe-upper 9 wall
section-pipe-inlet 10 interior
upper-surface 11 symmetry
pipe-inlet 13 interior

pipe-section-upper-surface 14 interior

default-interior 16 interior

Boundary Conditions

fluid.13

Condition Value

Material Name water-liquid

Specify source terms? no

Source Terms ((mass (inactive . #f) (constant . 0) (profile )) (x-momentum (inactive . #f) (constant . 0) (profile )) (y-
momentum (inactive . #f) (constant . 0) (profile )) (z-momentum (inactive . #f) (constant . 0) (profile )) (k (inactive . #f) (constant . 0) (profile ))
(epsilon (inactive . #f) (constant . 0) (profile )))

Specify fixed values? no

Local Coordinate System for Fixed Velocities no

Fixed Values ((x-velocity (inactive . #f) (constant . 0) (profile )) (y-velocity (inactive . #f) (constant . 0) (profile )) (z-
velocity (inactive . #f) (constant . 0) (profile )) (k (inactive . #f) (constant . 0) (profile )) (epsilon (inactive . #f) (constant . 0) (profile )))

Motion Type 0

X-Velocity Of Zone 0

Y-Velocity Of Zone 0

Z-Velocity Of Zone 0

Rotation speed 0

X-Origin of Rotation-Axis 0

Y-Origin of Rotation-Axis 0

Z-Origin of Rotation-Axis 0

X-Component of Rotation-Axis 0

Y-Component of Rotation-Axis 0

Z-Component of Rotation-Axis 1

Laminar zone? no

Porous zone? no

Conical porous zone? no

X-Component of Direction-1 Vector 1

Y-Component of Direction-1 Vector 1

Z-Component of Direction-1 Vector 1

X-Component of Direction-2 Vector 0
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Y-Component of Direction-2 Vector 1
Z-Component of Direction-2 Vector 0
X-Coordinate of Point on Cone Axis 1
Y-Coordinate of Point on Cone Axis 0
Z-Coordinate of Point on Cone Axis 0
Half Angle of Cone Relative to its Axis 0
Direction-1 Viscous Resistance 0
Direction-2 Viscous Resistance 0
Direction-3 Viscous Resistance 0
Direction-1 Inertial Resistance 0
Direction-2 Inertial Resistance 0
Direction-3 Inertial Resistance 0
CO Coefficient for Power-Law 0
C1 Coefficient for Power-Law 0

Porosity 1
pressure-outlet-12

Condition Value

Gauge Pressure 0

Radial Equilibrium Pressure Distribution no

Turbulence Specification Method 3

Backflow Turb. Kinetic Energy 1

Backflow Turb. Dissipation Rate 1

Backflow Turbulence Intensity 0.00039999999
Backflow Turbulence Length Scale 1

Backflow Hydraulic Diameter 0.003

Backflow Turbulent Viscosity Ratio 10

pipe-under-water-shadow

Condition Value
Enable shell conduction? no
Wall Motion 0
Shear Boundary Condition 0

Define wall motion relative to adjacent cell zone? yes

Apply a rotational velocity to this wall? no
Velocity Magnitude 0
X-Component of Wall Translation 1
Y-Component of Wall Translation 0
Z-Component of Wall Translation 0
Define wall velocity components? no
X-Component of Wall Translation 0
Y-Component of Wall Translation 0

Z-Component of Wall Translation 0
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Rotation Speed 0

X-Position of Rotation-Axis Origin 0
Y-Position of Rotation-Axis Origin 0
Z-Position of Rotation-Axis Origin 0

X-Component of Rotation-Axis Direction
Y-Component of Rotation-Axis Direction

Z-Component of Rotation-Axis Direction

X-component of shear stress 0
Y-component of shear stress 0
Z-component of shear stress 0

velocity_inlet.12

Condition Value

Velocity Specification Method 2

Reference Frame 0

Velocity Magnitude 0.046118651
Coordinate System 0

X-Velocity 0

Y-Velocity 0

Z-Velocity 0

X-Component of Flow Direction

Y-Component of Flow Direction

o O

Z-Component of Flow Direction
X-Component of Axis Direction 1
Y-Component of Axis Direction 0
Z-Component of Axis Direction 0
X-Coordinate of Axis Origin 0
Y-Coordinate of Axis Origin 0
Z-Coordinate of Axis Origin 0
Angular velocity 0

Turbulence Specification Method 3

Turb. Kinetic Energy 1

Turb. Dissipation Rate 1

Turbulence Intensity 0.00049999997
Turbulence Length Scale 1

Hydraulic Diameter 0.001

Turbulent Viscosity Ratio 10

side-wall-near

Condition Value
Enable shell conduction? no
Wall Motion 0

Shear Boundary Condition 0
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Define wall motion relative to adjacent cell zone? yes

Apply a rotational velocity to this wall?
Velocity Magnitude

X-Component of Wall Translation
Y-Component of Wall Translation
Z-Component of Wall Translation
Define wall velocity components?
X-Component of Wall Translation
Y-Component of Wall Translation
Z-Component of Wall Translation
Rotation Speed

X-Position of Rotation-Axis Origin
Y-Position of Rotation-Axis Origin
Z-Position of Rotation-Axis Origin
X-Component of Rotation-Axis Direction
Y-Component of Rotation-Axis Direction
Z-Component of Rotation-Axis Direction
X-component of shear stress
Y-component of shear stress

Z-component of shear stress

side-wall-far

Condition Value

Enable shell conduction?
Wall Motion 0

Shear Boundary Condition

no

no

0

Define wall motion relative to adjacent cell zone? yes

Apply a rotational velocity to this wall?
Velocity Magnitude

X-Component of Wall Translation
Y-Component of Wall Translation
Z-Component of Wall Translation
Define wall velocity components?
X-Component of Wall Translation
Y-Component of Wall Translation
Z-Component of Wall Translation
Rotation Speed

X-Position of Rotation-Axis Origin
Y-Position of Rotation-Axis Origin
Z-Position of Rotation-Axis Origin
X-Component of Rotation-Axis Direction
Y-Component of Rotation-Axis Direction
Z-Component of Rotation-Axis Direction
X-component of shear stress

Y-component of shear stress

no
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Z-component of shear stress

back-wall-surface

Condition Value

Enable shell conduction?
Wall Motion 0

Shear Boundary Condition

no

0

Define wall motion relative to adjacent cell zone? yes

Apply a rotational velocity to this wall?
Velocity Magnitude 0
X-Component of Wall Translation
Y-Component of Wall Translation
Z-Component of Wall Translation

Define wall velocity components?
X-Component of Wall Translation
Y-Component of Wall Translation
Z-Component of Wall Translation
Rotation Speed 0
X-Position of Rotation-Axis Origin
Y-Position of Rotation-Axis Origin
Z-Position of Rotation-Axis Origin
X-Component of Rotation-Axis Direction
Y-Component of Rotation-Axis Direction
Z-Component of Rotation-Axis Direction
X-component of shear stress
Y-component of shear stress

Z-component of shear stress

bottom-surface

Condition Value

Enable shell conduction?
Wall Motion 0

Shear Boundary Condition

no

no

0

Define wall motion relative to adjacent cell zone? yes

Apply a rotational velocity to this wall?
Velocity Magnitude 0
X-Component of Wall Translation
Y-Component of Wall Translation
Z-Component of Wall Translation

Define wall velocity components?
X-Component of Wall Translation
Y-Component of Wall Translation

Z-Component of Wall Translation

no
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Rotation Speed 0
X-Position of Rotation-Axis Origin 0
Y-Position of Rotation-Axis Origin 0
Z-Position of Rotation-Axis Origin 0
X-Component of Rotation-Axis Direction 0
Y-Component of Rotation-Axis Direction 0
Z-Component of Rotation-Axis Direction 1
X-component of shear stress 0
Y-component of shear stress 0
Z-component of shear stress 0

pipe-under-water

Condition Value
Enable shell conduction? no
Wall Motion 0

Shear Boundary Condition 0

Define wall motion relative to adjacent cell zone? yes
Apply a rotational velocity to this wall? no
Velocity Magnitude 0
X-Component of Wall Translation 1
Y-Component of Wall Translation 0
Z-Component of Wall Translation 0
Define wall velocity components? no
X-Component of Wall Translation 0
Y-Component of Wall Translation 0
Z-Component of Wall Translation 0
Rotation Speed 0
X-Position of Rotation-Axis Origin 0
Y-Position of Rotation-Axis Origin 0
Z-Position of Rotation-Axis Origin 0
X-Component of Rotation-Axis Direction 0
Y-Component of Rotation-Axis Direction 0
Z-Component of Rotation-Axis Direction 1
X-component of shear stress 0
Y-component of shear stress 0

Z-component of shear stress 0

pipe-upper

Condition Value

Enable shell conduction? no
Wall Motion 0
Shear Boundary Condition 0

Define wall motion relative to adjacent cell zone? yes
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Apply a rotational velocity to this wall?
Velocity Magnitude

X-Component of Wall Translation
Y-Component of Wall Translation
Z-Component of Wall Translation
Define wall velocity components?
X-Component of Wall Translation
Y-Component of Wall Translation
Z-Component of Wall Translation
Rotation Speed

X-Position of Rotation-Axis Origin
Y-Position of Rotation-Axis Origin
Z-Position of Rotation-Axis Origin
X-Component of Rotation-Axis Direction
Y-Component of Rotation-Axis Direction
Z-Component of Rotation-Axis Direction
X-component of shear stress
Y-component of shear stress

Z-component of shear stress

section-pipe-inlet

Condition Value

upper-surface

Condition Value

pipe-inlet

Condition Value

pipe-section-upper-surface

Condition Value

default-interior

Condition Value

no
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Equations

Equation  Solved

Flow yes

Turbulence vyes

Numerics

Numeric Enabled

Absolute Velocity Formulation yes

Unsteady Calculation Parameters

Time Step (s) 0.0099999998

Max. Iterations Per Time Step 40

Relaxation
Variable Relaxation Factor
Pressure 0.30000001
Density 1
Body Forces 1
Momentum 0.69999999

Turbulence Kinetic Energy  0.80000001
Turbulence Dissipation Rate 0.80000001

Turbulent Viscosity 1

Linear Solver

Solver  Termination Residual Reduction

Variable Type Criterion  Tolerance
Pressure V-Cycle 0.1

X-Momentum Flexible 0.1 0.7
Y-Momentum Flexible 0.1 0.7
Z-Momentum Flexible 0.1 0.7
Turbulence Kinetic Energy  Flexible 0.1 0.7
Turbulence Dissipation Rate Flexible 0.1 0.7

Discretization Scheme




Variable Scheme

Pressure PRESTO!

Pressure-Velocity Coupling SIMPLEC

Momentum Second Order Upwind
Turbulence Kinetic Energy ~ Second Order Upwind

Turbulence Dissipation Rate Second Order Upwind

Solution Limits

Quantity Limit

Minimum Absolute Pressure 1
Maximum Absolute Pressure 5000000
Minimum Temperature 1
Maximum Temperature 5000
Minimum Turb. Kinetic Energy  1e-14
Minimum Turb. Dissipation Rate 1e-20

Maximum Turb. Viscosity Ratio 100000

Material Properties

Material: water-liquid (fluid)

Property Units  Method Value(s)
Density kg/m3  constant 998.2

Cp (Specific Heat) j/kg-k  constant 4182
Thermal Conductivity w/m-k  constant 0.6
Viscosity kg/m-s  constant 0.001003
Molecular Weight kg/kgmol constant 18.0152

L-J Characteristic Length angstrom constant 0
L-J Energy Parameter k constant 0
Thermal Expansion Coefficient 1/k constant 0

Degrees of Freedom constant 0

Material: air (fluid)

Property Units  Method  Value(s)
Density kg/m3  constant 1.225
Cp (Specific Heat) j/lkg-k  constant 1006.43
Thermal Conductivity w/m-k  constant 0.0242
Viscosity kg/m-s  constant 1.7894e-05
Molecular Weight kg/kgmol constant 28.966

L-J Characteristic Length angstrom constant 3.711
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L-J Energy Parameter k constant 78.6
Thermal Expansion Coefficient 1/k constant 0
Degrees of Freedom constant 0

Material: aluminum (solid)

Property Units Method  Value(s)

Density kg/m3 constant 2719
Cp (Specific Heat)  j/kg-k constant 871

Thermal Conductivity w/m-k constant 202.4
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FLUENT
Version: 3d, segregated, rngke, unsteady (3d, segregated, RNG k-epsilon, unsteady)
Release: 6.0.12

Title:

Models
Model Settings
Space 3D
Time Unsteady, 1st-Order Implicit
Viscous RNG k-epsilon turbulence model
Wall Treatment Enhanced Wall Treatment

RNG Differential Viscosity Model Disabled
RNG Swirl Dominated Flow Option Disabled
Heat Transfer Disabled

Solidification and Melting Disabled

Species Transport Disabled
Coupled Dispersed Phase Disabled
Pollutants Disabled

Soot Disabled

Boundary Conditions

Zones
name id type
fluid.16 2 fluid

pressure-outlet-14 14 pressure-outlet
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pipe-under-water-shadow 19 wall

breaker-shadow 17 wall
breaker-invisible 3 interior
breaker 4 wall

velocity_inlet.12

5 velocity-inlet

side-wall-near 6 wall
side-wall-far 7 wall
back-wall-surface 8 wall
bottom-surface 9 wall
pipe-under-water 10 wall
pipe-upper 11 wall
section-pipe-inlet 12 interior
upper-surface 13 symmetry
pipe-inlet 15 interior

pipe-section-upper-surface 16 interior

default-interior

18 interior

Boundary Conditions

fluid.16

Condition

Value

Material Name
Specify source terms?

Source Terms

momentum (inactive . #f) (constant .

Specify fixed values?

water-liquid
no
((mass (inactive . #f) (constant . 0) (profile )) (x-momentum (inactive . #f) (constant . 0) (profile )) (y-

0) (profile )) (z-momentum (inactive . #f) (constant . 0) (profile )) (k (inactive . #f) (constant . 0) (profile ))

(epsilon (inactive . #f) (constant . 0) (profile )))

no

Local Coordinate System for Fixed Velocities no

Fixed Values

Motion Type

X-Velocity Of Zone

Y-Velocity Of Zone

Z-Velocity Of Zone

Rotation speed

X-Origin of Rotation-Axis
Y-Origin of Rotation-Axis
Z-Origin of Rotation-Axis
X-Component of Rotation-Axis
Y-Component of Rotation-Axis
Z-Component of Rotation-Axis
Laminar zone?

Porous zone?

Conical porous zone?

((x-velocity (inactive . #f) (constant . 0) (profile )) (y-velocity (inactive . #f) (constant . 0) (profile )) (z-

velocity (inactive . #f) (constant . 0) (profile )) (k (inactive . #f) (constant . 0) (profile )) (epsilon (inactive . #f) (constant . 0) (profile )))

0

no
no

no
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X-Component of Direction-1 Vector 1
Y-Component of Direction-1 Vector 1
Z-Component of Direction-1 Vector 1
X-Component of Direction-2 Vector 0
Y-Component of Direction-2 Vector 1
Z-Component of Direction-2 Vector 0
X-Coordinate of Point on Cone Axis 1
Y-Coordinate of Point on Cone Axis 0
Z-Coordinate of Point on Cone Axis 0
Half Angle of Cone Relative to its Axis 0
Direction-1 Viscous Resistance 0
Direction-2 Viscous Resistance 0
Direction-3 Viscous Resistance 0
Direction-1 Inertial Resistance 0
Direction-2 Inertial Resistance 0
Direction-3 Inertial Resistance 0

CO Coefficient for Power-Law 0
C1 Coefficient for Power-Law 0

Porosity 1
pressure-outlet-14

Condition Value

Gauge Pressure 0

Radial Equilibrium Pressure Distribution no

Turbulence Specification Method 3
Backflow Turb. Kinetic Energy 1
Backflow Turb. Dissipation Rate 1
Backflow Turbulence Intensity 4e-06
Backflow Turbulence Length Scale 1
Backflow Hydraulic Diameter 0.003

Backflow Turbulent Viscosity Ratio 10

pipe-under-water-shadow

Condition Value
Enable shell conduction? no
Wall Motion 0

Shear Boundary Condition 0

Define wall motion relative to adjacent cell zone? yes

Apply a rotational velocity to this wall? no
Velocity Magnitude 0

X-Component of Wall Translation 1
Y-Component of Wall Translation 0

Z-Component of Wall Translation 0




Define wall velocity components? no

X-Component of Wall Translation 0
Y-Component of Wall Translation 0
Z-Component of Wall Translation 0
Rotation Speed 0
X-Position of Rotation-Axis Origin 0
Y-Position of Rotation-Axis Origin 0
Z-Position of Rotation-Axis Origin 0
X-Component of Rotation-Axis Direction 0
Y-Component of Rotation-Axis Direction 0
Z-Component of Rotation-Axis Direction 1
X-component of shear stress 0
Y-component of shear stress 0
Z-component of shear stress 0

breaker-shadow

Condition Value
Enable shell conduction? no
Wall Motion 0

Shear Boundary Condition 0

Define wall motion relative to adjacent cell zone? yes
Apply a rotational velocity to this wall? no
Velocity Magnitude 0
X-Component of Wall Translation 1
Y-Component of Wall Translation 0
Z-Component of Wall Translation 0
Define wall velocity components? no
X-Component of Wall Translation 0
Y-Component of Wall Translation 0
Z-Component of Wall Translation 0
Rotation Speed 0
X-Position of Rotation-Axis Origin 0
Y-Position of Rotation-Axis Origin 0
Z-Position of Rotation-Axis Origin 0
X-Component of Rotation-Axis Direction 0
Y-Component of Rotation-Axis Direction 0
Z-Component of Rotation-Axis Direction 1
X-component of shear stress 0
Y-component of shear stress 0

Z-component of shear stress 0

breaker-invisible

Condition Value
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breaker
Condition Value
Enable shell conduction? no
Wall Motion 0
Shear Boundary Condition 0

Define wall motion relative to adjacent cell zone? yes
Apply a rotational velocity to this wall? no
Velocity Magnitude 0
X-Component of Wall Translation 1
Y-Component of Wall Translation 0
Z-Component of Wall Translation 0
Define wall velocity components? no
X-Component of Wall Translation 0
Y-Component of Wall Translation 0
Z-Component of Wall Translation 0
Rotation Speed 0
X-Position of Rotation-Axis Origin 0
Y-Position of Rotation-Axis Origin 0
Z-Position of Rotation-Axis Origin 0
X-Component of Rotation-Axis Direction 0
Y-Component of Rotation-Axis Direction 0
Z-Component of Rotation-Axis Direction 1
X-component of shear stress 0
Y-component of shear stress 0

Z-component of shear stress 0

velocity_inlet.12

Condition Value

Velocity Specification Method 2

Reference Frame 0

Velocity Magnitude 0.046118651
Coordinate System 0

X-Velocity 0

Y-Velocity 0

Z-Velocity 0

-

X-Component of Flow Direction

Y-Component of Flow Direction

o o

Z-Component of Flow Direction
X-Component of Axis Direction 1
Y-Component of Axis Direction 0
Z-Component of Axis Direction 0

X-Coordinate of Axis Origin 0




36

Y-Coordinate of Axis Origin 0
Z-Coordinate of Axis Origin 0
Angular velocity 0

Turbulence Specification Method 3

Turb. Kinetic Energy 1

Turb. Dissipation Rate 1

Turbulence Intensity 4.9999999¢-06
Turbulence Length Scale 1

Hydraulic Diameter 0.001

Turbulent Viscosity Ratio 10

side-wall-near

Condition Value
Enable shell conduction? no
Wall Motion 0

Shear Boundary Condition 0

Define wall motion relative to adjacent cell zone? yes
Apply a rotational velocity to this wall? no
Velocity Magnitude 0
X-Component of Wall Translation 1
Y-Component of Wall Translation 0
Z-Component of Wall Translation 0
Define wall velocity components? no
X-Component of Wall Translation 0
Y-Component of Wall Translation 0
Z-Component of Wall Translation 0
Rotation Speed 0
X-Position of Rotation-Axis Origin 0
Y-Position of Rotation-Axis Origin 0
Z-Position of Rotation-Axis Origin 0
X-Component of Rotation-Axis Direction 0
Y-Component of Rotation-Axis Direction 0
Z-Component of Rotation-Axis Direction 1
X-component of shear stress 0
Y-component of shear stress 0

Z-component of shear stress 0

side-wall-far

Condition Value

Enable shell conduction? no
Wall Motion 0
Shear Boundary Condition 0

Define wall motion relative to adjacent cell zone? yes
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Apply a rotational velocity to this wall? no
Velocity Magnitude 0
X-Component of Wall Translation 1
Y-Component of Wall Translation 0
Z-Component of Wall Translation 0
Define wall velocity components? no
X-Component of Wall Translation 0
Y-Component of Wall Translation 0
Z-Component of Wall Translation 0
Rotation Speed 0
X-Position of Rotation-Axis Origin 0
Y-Position of Rotation-Axis Origin 0
Z-Position of Rotation-Axis Origin 0
X-Component of Rotation-Axis Direction 0
Y-Component of Rotation-Axis Direction 0
Z-Component of Rotation-Axis Direction 1
X-component of shear stress 0
Y-component of shear stress 0

Z-component of shear stress 0

back-wall-surface

Condition Value
Enable shell conduction? no
Wall Motion 0

Shear Boundary Condition 0

Define wall motion relative to adjacent cell zone? yes
Apply a rotational velocity to this wall? no
Velocity Magnitude 0
X-Component of Wall Translation 1
Y-Component of Wall Translation 0
Z-Component of Wall Translation 0
Define wall velocity components? no
X-Component of Wall Translation 0
Y-Component of Wall Translation 0
Z-Component of Wall Translation 0
Rotation Speed 0
X-Position of Rotation-Axis Origin 0
Y-Position of Rotation-Axis Origin 0
Z-Position of Rotation-Axis Origin 0
X-Component of Rotation-Axis Direction 0
Y-Component of Rotation-Axis Direction 0
Z-Component of Rotation-Axis Direction 1
X-component of shear stress 0
Y-component of shear stress 0

Z-component of shear stress 0
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bottom-surface

Condition Value
Enable shell conduction? no
Wall Motion 0

Shear Boundary Condition 0

Define wall motion relative to adjacent cell zone? yes
Apply a rotational velocity to this wall? no
Velocity Magnitude 0
X-Component of Wall Translation 1
Y-Component of Wall Translation 0
Z-Component of Wall Translation 0
Define wall velocity components? no
X-Component of Wall Translation 0
Y-Component of Wall Translation 0
Z-Component of Wall Translation 0
Rotation Speed 0
X-Position of Rotation-Axis Origin 0
Y-Position of Rotation-Axis Origin 0
Z-Position of Rotation-Axis Origin 0
X-Component of Rotation-Axis Direction 0
Y-Component of Rotation-Axis Direction 0
Z-Component of Rotation-Axis Direction 1
X-component of shear stress 0
Y-component of shear stress 0

Z-component of shear stress 0

pipe-under-water

Condition Value
Enable shell conduction? no
Wall Motion 0

Shear Boundary Condition 0

Define wall motion relative to adjacent cell zone? yes

Apply a rotational velocity to this wall? no
Velocity Magnitude 0
X-Component of Wall Translation 1
Y-Component of Wall Translation 0
Z-Component of Wall Translation 0
Define wall velocity components? no
X-Component of Wall Translation 0
Y-Component of Wall Translation 0
Z-Component of Wall Translation 0

Rotation Speed 0
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X-Position of Rotation-Axis Origin
Y-Position of Rotation-Axis Origin
Z-Position of Rotation-Axis Origin
X-Component of Rotation-Axis Direction
Y-Component of Rotation-Axis Direction
Z-Component of Rotation-Axis Direction
X-component of shear stress
Y-component of shear stress

Z-component of shear stress

pipe-upper

Condition Value

Enable shell conduction?
Wall Motion 0

Shear Boundary Condition

no

0

Define wall motion relative to adjacent cell zone? yes

Apply a rotational velocity to this wall?
Velocity Magnitude

X-Component of Wall Translation
Y-Component of Wall Translation
Z-Component of Wall Translation
Define wall velocity components?
X-Component of Wall Translation
Y-Component of Wall Translation

Z-Component of Wall Translation

Rotation Speed 0

X-Position of Rotation-Axis Origin
Y-Position of Rotation-Axis Origin
Z-Position of Rotation-Axis Origin
X-Component of Rotation-Axis Direction
Y-Component of Rotation-Axis Direction
Z-Component of Rotation-Axis Direction
X-component of shear stress
Y-component of shear stress

Z-component of shear stress

section-pipe-inlet

Condition Value

upper-surface

Condition Value

no
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pipe-inlet

Condition Value

pipe-section-upper-surface

Condition Value

default-interior

Condition Value

Equations

Equation  Solved

Flow yes

Turbulence yes

Numerics

Numeric Enabled

Absolute Velocity Formulation yes

Unsteady Calculation Parameters

Time Step (s) 0.050000001

Max. Iterations Per Time Step 50

Relaxation
Variable Relaxation Factor
Pressure 0.30000001
Density 1
Body Forces 1

Momentum 0.69999999
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Turbulence Kinetic Energy  0.80000001
Turbulence Dissipation Rate 0.80000001
Turbulent Viscosity 1

Linear Solver

Solver  Termination Residual Reduction

Variable Type Criterion  Tolerance
Pressure V-Cycle 0.1

X-Momentum Flexible 0.1 0.7
Y-Momentum Flexible 0.1 0.7
Z-Momentum Flexible 0.1 0.7
Turbulence Kinetic Energy  Flexible 0.1 0.7
Turbulence Dissipation Rate Flexible 0.1 0.7

Discretization Scheme

Variable Scheme

Pressure PRESTO!

Pressure-Velocity Coupling  PISO

Momentum QUICK

Turbulence Kinetic Energy  Second Order Upwind

Turbulence Dissipation Rate Second Order Upwind

Solution Limits

Quantity Limit

Minimum Absolute Pressure 1
Maximum Absolute Pressure 5000000
Minimum Temperature 1
Maximum Temperature 5000
Minimum Turb. Kinetic Energy  1e-14
Minimum Turb. Dissipation Rate 1e-20

Maximum Turb. Viscosity Ratio 100000

Material Properties

Material: water-liquid (fluid)

Property Units  Method  Value(s)

Density kg/m3  constant 998.2

Cp (Specific Heat) j/kg-k  constant 4182
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Thermal Conductivity w/m-k  constant 0.6
Viscosity kg/m-s  constant 0.001003
Molecular Weight kg/kgmol constant 18.0152

L-J Characteristic Length angstrom constant 0
L-J Energy Parameter k constant 0
Thermal Expansion Coefficient 1/k constant 0

Degrees of Freedom constant 0

Material: air (fluid)

Property Units Method  Value(s)
Density kg/m3  constant 1.225
Cp (Specific Heat) j/kg-k  constant 1006.43
Thermal Conductivity w/m-k  constant 0.0242
Viscosity kg/m-s  constant 1.7894e-05
Molecular Weight kg/kgmol constant 28.966

L-J Characteristic Length angstrom constant 3.711
L-J Energy Parameter k constant 78.6
Thermal Expansion Coefficient 1/k constant 0

Degrees of Freedom constant 0

Material: aluminum (solid)

Property Units  Method  Value(s)

Density kg/m3 constant 2719
Cp (Specific Heat)  j/kg-k constant 871

Thermal Conductivity w/m-k constant 202.4
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FLUENT
Version: 3d, segregated, rngke, unsteady (3d, segregated, RNG k-epsilon, unsteady)
Release: 6.0.12

Title:

Models
Model Settings
Space 3D
Time Unsteady, 1st-Order Implicit
Viscous RNG k-epsilon turbulence model
Wall Treatment Enhanced Wall Treatment

RNG Differential Viscosity Model Disabled

RNG Swirl Dominated Flow Option Disabled
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Heat Transfer Disabled

Solidification and Melting Disabled

Species Transport Disabled
Coupled Dispersed Phase Disabled
Pollutants Disabled

Soot Disabled

Boundary Conditions

Zones
name id type
fluid.16 2 fluid
pressure-outlet-14 14 pressure-outlet

pipe-under-water-shadow 19 wall

breaker-shadow 17 wall
interior 3 interior
breaker 4 wall
velocity_inlet.12 5 velocity-inlet
side-wall-near 6 wall
side-wall-far 7 wall
back-wall-surface 8 wall
bottom-surface 9 wall
pipe-under-water 10 wall
pipe-upper 11 wall
section-pipe-inlet 12 interior
upper-surface 13 symmetry
pipe-inlet 15 interior
pipe-section-upper-surface 16 interior
default-interior 18 interior
Boundary Conditions
fluid.16
Condition Value
Material Name water-liquid
Specify source terms? no

Source Terms

momentum (inactive . #f) (constant .

((mass (inactive . #f) (constant . 0) (profile )) (x-momentum (inactive . #f) (constant . 0) (profile )) (y-

0) (profile )) (z-momentum (inactive . #f) (constant . 0) (profile )) (k (inactive . #f) (constant . 0) (profile ))

(epsilon (inactive . #f) (constant . 0) (profile )))

Specify fixed values?

no

Local Coordinate System for Fixed Velocities no
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Fixed Values ((x-velocity (inactive . #f) (constant . 0) (profile )) (y-velocity (inactive . #f) (constant . 0) (profile )) (z-
velocity (inactive . #f) (constant . 0) (profile )) (k (inactive . #f) (constant . 0) (profile )) (epsilon (inactive . #f) (constant . 0) (profile )))

Motion Type 0

X-Velocity Of Zone 0

Y-Velocity Of Zone 0

Z-Velocity Of Zone 0

Rotation speed 0

X-Origin of Rotation-Axis 0

Y-Origin of Rotation-Axis 0

Z-Origin of Rotation-Axis 0

X-Component of Rotation-Axis 0

Y-Component of Rotation-Axis 0

Z-Component of Rotation-Axis 1

Laminar zone? no

Porous zone? no

Conical porous zone? no

X-Component of Direction-1 Vector 1

Y-Component of Direction-1 Vector 1

Z-Component of Direction-1 Vector 1

X-Component of Direction-2 Vector 0

Y-Component of Direction-2 Vector 1

Z-Component of Direction-2 Vector 0

X-Coordinate of Point on Cone Axis 1

Y-Coordinate of Point on Cone Axis

Z-Coordinate of Point on Cone Axis

© o o

Half Angle of Cone Relative to its Axis

o

Direction-1 Viscous Resistance
Direction-2 Viscous Resistance 0
Direction-3 Viscous Resistance 0
Direction-1 Inertial Resistance 0
Direction-2 Inertial Resistance 0
Direction-3 Inertial Resistance 0
CO Coefficient for Power-Law 0
C1 Coefficient for Power-Law 0

Porosity 1

pressure-outlet-14

Condition Value

Gauge Pressure 0

Radial Equilibrium Pressure Distribution no

Turbulence Specification Method 3
Backflow Turb. Kinetic Energy 1
Backflow Turb. Dissipation Rate 1
Backflow Turbulence Intensity 4e-06

Backflow Turbulence Length Scale 1
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Backflow Hydraulic Diameter

Backflow Turbulent Viscosity Ratio

pipe-under-water-shadow

Condition

0.003
10

Value

Enable shell conduction?
Wall Motion 0

Shear Boundary Condition

no

0

Define wall motion relative to adjacent cell zone? yes

Apply a rotational velocity to this wall?
Velocity Magnitude 0
X-Component of Wall Translation
Y-Component of Wall Translation
Z-Component of Wall Translation

Define wall velocity components?
X-Component of Wall Translation
Y-Component of Wall Translation
Z-Component of Wall Translation
Rotation Speed 0
X-Position of Rotation-Axis Origin
Y-Position of Rotation-Axis Origin
Z-Position of Rotation-Axis Origin
X-Component of Rotation-Axis Direction
Y-Component of Rotation-Axis Direction
Z-Component of Rotation-Axis Direction
X-component of shear stress
Y-component of shear stress

Z-component of shear stress

breaker-shadow

Condition Value

Enable shell conduction?
Wall Motion 0

Shear Boundary Condition

no

no

0

Define wall motion relative to adjacent cell zone? yes

Apply a rotational velocity to this wall?
Velocity Magnitude 0
X-Component of Wall Translation
Y-Component of Wall Translation
Z-Component of Wall Translation

Define wall velocity components?
X-Component of Wall Translation

Y-Component of Wall Translation

no
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Z-Component of Wall Translation
Rotation Speed

X-Position of Rotation-Axis Origin
Y-Position of Rotation-Axis Origin
Z-Position of Rotation-Axis Origin
X-Component of Rotation-Axis Direction
Y-Component of Rotation-Axis Direction
Z-Component of Rotation-Axis Direction
X-component of shear stress
Y-component of shear stress

Z-component of shear stress

interior

Condition Value

breaker

Condition Value

Enable shell conduction?
Wall Motion 0

Shear Boundary Condition

no

0

Define wall motion relative to adjacent cell zone? yes

Apply a rotational velocity to this wall?
Velocity Magnitude

X-Component of Wall Translation
Y-Component of Wall Translation
Z-Component of Wall Translation
Define wall velocity components?
X-Component of Wall Translation
Y-Component of Wall Translation

Z-Component of Wall Translation

Rotation Speed 0

X-Position of Rotation-Axis Origin
Y-Position of Rotation-Axis Origin
Z-Position of Rotation-Axis Origin
X-Component of Rotation-Axis Direction
Y-Component of Rotation-Axis Direction
Z-Component of Rotation-Axis Direction
X-component of shear stress
Y-component of shear stress

Z-component of shear stress

velocity_inlet.12

no
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Condition Value

Velocity Specification Method 2

Reference Frame 0

Velocity Magnitude 0.046118651
Coordinate System 0

X-Velocity 0

Y-Velocity 0

Z-Velocity 0

X-Component of Flow Direction

Y-Component of Flow Direction

o O

Z-Component of Flow Direction
X-Component of Axis Direction 1
Y-Component of Axis Direction 0
Z-Component of Axis Direction 0
X-Coordinate of Axis Origin 0
Y-Coordinate of Axis Origin 0
Z-Coordinate of Axis Origin 0
Angular velocity 0

Turbulence Specification Method 3

Turb. Kinetic Energy 1

Turb. Dissipation Rate 1

Turbulence Intensity 4.9999999¢-06
Turbulence Length Scale 1

Hydraulic Diameter 0.001

Turbulent Viscosity Ratio 10

side-wall-near

Condition Value
Enable shell conduction? no
Wall Motion 0

Shear Boundary Condition 0

Define wall motion relative to adjacent cell zone? yes

Apply a rotational velocity to this wall? no
Velocity Magnitude 0
X-Component of Wall Translation 1
Y-Component of Wall Translation 0
Z-Component of Wall Translation 0
Define wall velocity components? no
X-Component of Wall Translation 0
Y-Component of Wall Translation 0
Z-Component of Wall Translation 0
Rotation Speed 0
X-Position of Rotation-Axis Origin 0

Y-Position of Rotation-Axis Origin 0
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Z-Position of Rotation-Axis Origin
X-Component of Rotation-Axis Direction
Y-Component of Rotation-Axis Direction
Z-Component of Rotation-Axis Direction
X-component of shear stress
Y-component of shear stress

Z-component of shear stress

side-wall-far

Condition Value

Enable shell conduction?
Wall Motion 0

Shear Boundary Condition

no

0

Define wall motion relative to adjacent cell zone? yes

Apply a rotational velocity to this wall?
Velocity Magnitude 0
X-Component of Wall Translation
Y-Component of Wall Translation
Z-Component of Wall Translation

Define wall velocity components?
X-Component of Wall Translation
Y-Component of Wall Translation
Z-Component of Wall Translation
Rotation Speed 0
X-Position of Rotation-Axis Origin
Y-Position of Rotation-Axis Origin
Z-Position of Rotation-Axis Origin
X-Component of Rotation-Axis Direction
Y-Component of Rotation-Axis Direction
Z-Component of Rotation-Axis Direction
X-component of shear stress
Y-component of shear stress

Z-component of shear stress

back-wall-surface

Condition Value

Enable shell conduction?
Wall Motion 0

Shear Boundary Condition

no

no

0

Define wall motion relative to adjacent cell zone? yes

Apply a rotational velocity to this wall?
Velocity Magnitude 0

X-Component of Wall Translation

no
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Y-Component of Wall Translation
Z-Component of Wall Translation
Define wall velocity components?
X-Component of Wall Translation
Y-Component of Wall Translation
Z-Component of Wall Translation
Rotation Speed

X-Position of Rotation-Axis Origin
Y-Position of Rotation-Axis Origin
Z-Position of Rotation-Axis Origin
X-Component of Rotation-Axis Direction
Y-Component of Rotation-Axis Direction
Z-Component of Rotation-Axis Direction
X-component of shear stress
Y-component of shear stress

Z-component of shear stress

bottom-surface

Condition Value

Enable shell conduction?
Wall Motion 0

Shear Boundary Condition

no

0

Define wall motion relative to adjacent cell zone? yes

Apply a rotational velocity to this wall?
Velocity Magnitude

X-Component of Wall Translation
Y-Component of Wall Translation
Z-Component of Wall Translation
Define wall velocity components?
X-Component of Wall Translation
Y-Component of Wall Translation

Z-Component of Wall Translation

Rotation Speed 0

X-Position of Rotation-Axis Origin
Y-Position of Rotation-Axis Origin
Z-Position of Rotation-Axis Origin
X-Component of Rotation-Axis Direction
Y-Component of Rotation-Axis Direction
Z-Component of Rotation-Axis Direction
X-component of shear stress
Y-component of shear stress

Z-component of shear stress

pipe-under-water

no
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Condition Value

Enable shell conduction?
Wall Motion 0

Shear Boundary Condition

no

0

Define wall motion relative to adjacent cell zone? yes

Apply a rotational velocity to this wall?
Velocity Magnitude 0
X-Component of Wall Translation
Y-Component of Wall Translation
Z-Component of Wall Translation

Define wall velocity components?
X-Component of Wall Translation
Y-Component of Wall Translation
Z-Component of Wall Translation
Rotation Speed 0
X-Position of Rotation-Axis Origin
Y-Position of Rotation-Axis Origin
Z-Position of Rotation-Axis Origin
X-Component of Rotation-Axis Direction
Y-Component of Rotation-Axis Direction
Z-Component of Rotation-Axis Direction
X-component of shear stress
Y-component of shear stress

Z-component of shear stress

pipe-upper

Condition Value

Enable shell conduction?
Wall Motion 0

Shear Boundary Condition

no

no

0

Define wall motion relative to adjacent cell zone? yes

Apply a rotational velocity to this wall?
Velocity Magnitude 0
X-Component of Wall Translation
Y-Component of Wall Translation
Z-Component of Wall Translation

Define wall velocity components?
X-Component of Wall Translation
Y-Component of Wall Translation
Z-Component of Wall Translation
Rotation Speed 0
X-Position of Rotation-Axis Origin
Y-Position of Rotation-Axis Origin

Z-Position of Rotation-Axis Origin

no
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X-Component of Rotation-Axis Direction 0
Y-Component of Rotation-Axis Direction 0
Z-Component of Rotation-Axis Direction 1
X-component of shear stress 0
Y-component of shear stress 0
Z-component of shear stress 0

section-pipe-inlet

Condition Value

upper-surface

Condition Value

pipe-inlet

Condition Value

pipe-section-upper-surface

Condition Value

default-interior

Condition Value

Equations

Equation  Solved

Flow yes

Turbulence yes

Numerics

Numeric Enabled

Absolute Velocity Formulation yes
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Unsteady Calculation Parameters

Time Step (s) 0.050000001

Max. Iterations Per Time Step 50

Relaxation
Variable Relaxation Factor
Pressure 0.30000001
Density 1
Body Forces 1
Momentum 0.69999999

Turbulence Kinetic Energy  0.80000001
Turbulence Dissipation Rate 0.80000001

Turbulent Viscosity 1

Linear Solver

Solver  Termination Residual Reduction

Variable Type Criterion  Tolerance
Pressure V-Cycle 0.1

X-Momentum Flexible 0.1 0.7
Y-Momentum Flexible 0.1 0.7
Z-Momentum Flexible 0.1 0.7
Turbulence Kinetic Energy ~ Flexible 0.1 0.7
Turbulence Dissipation Rate Flexible 0.1 0.7

Discretization Scheme

Variable Scheme

Pressure PRESTO!

Pressure-Velocity Coupling  PISO

Momentum QUICK

Turbulence Kinetic Energy  Second Order Upwind

Turbulence Dissipation Rate Second Order Upwind

Solution Limits

Quantity Limit

Minimum Absolute Pressure 1




Maximum Absolute Pressure 5000000
Minimum Temperature 1
Maximum Temperature 5000
Minimum Turb. Kinetic Energy  1e-14
Minimum Turb. Dissipation Rate 1e-20

Maximum Turb. Viscosity Ratio 100000

Material Properties

Material: aluminum (solid)

Property Units  Method  Value(s)

Density kg/m3 constant 2719
Cp (Specific Heat)  j/kg-k constant 871

Thermal Conductivity w/m-k constant 202.4

Material: air (fluid)

Property Units  Method  Value(s)
Density kg/m3  constant 1.225
Cp (Specific Heat) j/kg-k  constant 1006.43
Thermal Conductivity w/m-k  constant 0.0242
Viscosity kg/m-s  constant 1.7894e-05
Molecular Weight kg/kgmol constant 28.966

L-J Characteristic Length angstrom constant 3.711
L-J Energy Parameter k constant 78.6
Thermal Expansion Coefficient 1/k constant 0

Degrees of Freedom constant 0

Material: water-liquid (fluid)

Property Units  Method  Value(s)
Density kg/m3  constant 998.2

Cp (Specific Heat) j/kg-k  constant 4182
Thermal Conductivity w/m-k  constant 0.6
Viscosity kg/m-s  constant 0.001003
Molecular Weight kg/kgmol constant 18.0152

L-J Characteristic Length angstrom constant 0
L-J Energy Parameter k constant 0
Thermal Expansion Coefficient 1/k constant 0

Degrees of Freedom constant 0

6 2. LULAIRDINTAUN 1.3 uaz 2.3 (819A9a N5 3.4)
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FLUENT

Version: 3d, segregated, rngke, unsteady (3d, segregated, RNG k-epsilon, unsteady)

Release: 6.0.12

Title:

Models
Model Settings
Space 3D
Time Unsteady, 1st-Order Implicit
Viscous RNG k-epsilon turbulence model
Wall Treatment Enhanced Wall Treatment

RNG Differential Viscosity Model Disabled
RNG Swirl Dominated Flow Option Disabled
Heat Transfer Disabled

Solidification and Melting Disabled

Species Transport Disabled
Coupled Dispersed Phase Disabled
Pollutants Disabled

Soot Disabled

Boundary Conditions

Zones
name id type
fluid.13 2 fluid
pressure-outlet-13 13 pressure-outlet

pipe-under-water-shadow 18 wall

breaker-shadow 16 wall

breaker

velocity_inlet.12

3 wall

4 velocity-inlet

side-wall-near 5 wall
side-wall-far 6 wall
back-wall-surface 7 wall
bottom-surface 8 wall
pipe-under-water 9 wall
pipe-upper 10 wall
section-pipe-inlet 11 interior

upper-surface

pipe-inlet

12 symmetry

14 interior

pipe-section-upper-surface 15 interior

default-interior

17 interior
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Boundary Conditions
fluid.13
Condition Value
Material Name water-liquid
Specify source terms? no
Source Terms ((mass (inactive . #f) (constant . 0) (profile )) (x-momentum (inactive . #f) (constant . 0) (profile )) (y-

momentum (inactive . #f) (constant . 0) (profile )) (z-momentum (inactive . #f) (constant . 0) (profile )))

Specify fixed values? no

Local Coordinate System for Fixed Velocities no

Fixed Values ((x-velocity (inactive . #f) (constant . 0) (profile )) (y-velocity (inactive . #f) (constant . 0) (profile )) (z-
velocity (inactive . #f) (constant . 0) (profile )))

Motion Type 0

X-Velocity Of Zone 0

Y-Velocity Of Zone 0

Z-Velocity Of Zone 0

Rotation speed 0

X-Origin of Rotation-Axis 0

Y-Origin of Rotation-Axis 0

Z-Origin of Rotation-Axis 0

X-Component of Rotation-Axis 0

Y-Component of Rotation-Axis 0

Z-Component of Rotation-Axis 1

Laminar zone? no

Porous zone? no

Conical porous zone? no

X-Component of Direction-1 Vector 1

Y-Component of Direction-1 Vector 1

Z-Component of Direction-1 Vector 1

X-Component of Direction-2 Vector 0

Y-Component of Direction-2 Vector 1

Z-Component of Direction-2 Vector 0

X-Coordinate of Point on Cone Axis 1

Y-Coordinate of Point on Cone Axis

Z-Coordinate of Point on Cone Axis

© o o

Half Angle of Cone Relative to its Axis

o

Direction-1 Viscous Resistance
Direction-2 Viscous Resistance 0
Direction-3 Viscous Resistance 0
Direction-1 Inertial Resistance 0
Direction-2 Inertial Resistance 0
Direction-3 Inertial Resistance 0

CO0 Coefficient for Power-Law 0
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C1 Coefficient for Power-Law 0

Porosity 1

pressure-outlet-13

Condition Value

Gauge Pressure 0

Radial Equilibrium Pressure Distribution no

Turbulence Specification Method 3
Backflow Turb. Kinetic Energy 1
Backflow Turb. Dissipation Rate 1
Backflow Turbulence Intensity 4e-06
Backflow Turbulence Length Scale 1
Backflow Hydraulic Diameter 0.003

Backflow Turbulent Viscosity Ratio 10

pipe-under-water-shadow

Condition Value
Enable shell conduction? no
Wall Motion 0

Shear Boundary Condition 0

Define wall motion relative to adjacent cell zone? yes
Apply a rotational velocity to this wall? no
Velocity Magnitude 0
X-Component of Wall Translation 1
Y-Component of Wall Translation 0
Z-Component of Wall Translation 0
Define wall velocity components? no
X-Component of Wall Translation 0
Y-Component of Wall Translation 0
Z-Component of Wall Translation 0
Rotation Speed 0
X-Position of Rotation-Axis Origin 0
Y-Position of Rotation-Axis Origin 0
Z-Position of Rotation-Axis Origin 0
X-Component of Rotation-Axis Direction 0
Y-Component of Rotation-Axis Direction 0
Z-Component of Rotation-Axis Direction 1
X-component of shear stress 0
Y-component of shear stress 0

Z-component of shear stress 0

breaker-shadow
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Condition Value

Enable shell conduction?
Wall Motion 0

Shear Boundary Condition

no

0

Define wall motion relative to adjacent cell zone? yes

Apply a rotational velocity to this wall?
Velocity Magnitude 0
X-Component of Wall Translation
Y-Component of Wall Translation
Z-Component of Wall Translation

Define wall velocity components?
X-Component of Wall Translation
Y-Component of Wall Translation
Z-Component of Wall Translation
Rotation Speed 0
X-Position of Rotation-Axis Origin
Y-Position of Rotation-Axis Origin
Z-Position of Rotation-Axis Origin
X-Component of Rotation-Axis Direction
Y-Component of Rotation-Axis Direction
Z-Component of Rotation-Axis Direction
X-component of shear stress
Y-component of shear stress

Z-component of shear stress

breaker

Condition Value

Enable shell conduction?
Wall Motion 0

Shear Boundary Condition

no

no

0

Define wall motion relative to adjacent cell zone? yes

Apply a rotational velocity to this wall?
Velocity Magnitude 0
X-Component of Wall Translation
Y-Component of Wall Translation
Z-Component of Wall Translation

Define wall velocity components?
X-Component of Wall Translation
Y-Component of Wall Translation
Z-Component of Wall Translation
Rotation Speed 0
X-Position of Rotation-Axis Origin
Y-Position of Rotation-Axis Origin

Z-Position of Rotation-Axis Origin

no
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X-Component of Rotation-Axis Direction 0
Y-Component of Rotation-Axis Direction 0
Z-Component of Rotation-Axis Direction 1
X-component of shear stress 0
Y-component of shear stress 0
Z-component of shear stress 0

velocity_inlet.12

Condition Value

Velocity Specification Method =~ 2

Reference Frame 0

Velocity Magnitude 0.046118651
Coordinate System 0

X-Velocity 0

Y-Velocity 0

Z-Velocity 0

X-Component of Flow Direction

Y-Component of Flow Direction

o O

Z-Component of Flow Direction
X-Component of Axis Direction 1
Y-Component of Axis Direction 0
Z-Component of Axis Direction 0
X-Coordinate of Axis Origin 0
Y-Coordinate of Axis Origin 0
Z-Coordinate of Axis Origin 0
Angular velocity 0

Turbulence Specification Method 3

Turb. Kinetic Energy 1

Turb. Dissipation Rate 1

Turbulence Intensity 4.9999999¢-06
Turbulence Length Scale 1

Hydraulic Diameter 0.001

Turbulent Viscosity Ratio 10

side-wall-near

Condition Value
Enable shell conduction? no
Wall Motion 0

Shear Boundary Condition 0

Define wall motion relative to adjacent cell zone? yes
Apply a rotational velocity to this wall? no
Velocity Magnitude 0

X-Component of Wall Translation 1
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Y-Component of Wall Translation
Z-Component of Wall Translation
Define wall velocity components?
X-Component of Wall Translation
Y-Component of Wall Translation
Z-Component of Wall Translation
Rotation Speed

X-Position of Rotation-Axis Origin
Y-Position of Rotation-Axis Origin
Z-Position of Rotation-Axis Origin
X-Component of Rotation-Axis Direction
Y-Component of Rotation-Axis Direction
Z-Component of Rotation-Axis Direction
X-component of shear stress
Y-component of shear stress

Z-component of shear stress

side-wall-far

Condition Value

Enable shell conduction?
Wall Motion 0

Shear Boundary Condition

no

0

Define wall motion relative to adjacent cell zone? yes

Apply a rotational velocity to this wall?
Velocity Magnitude

X-Component of Wall Translation
Y-Component of Wall Translation
Z-Component of Wall Translation
Define wall velocity components?
X-Component of Wall Translation
Y-Component of Wall Translation

Z-Component of Wall Translation

Rotation Speed 0

X-Position of Rotation-Axis Origin
Y-Position of Rotation-Axis Origin
Z-Position of Rotation-Axis Origin
X-Component of Rotation-Axis Direction
Y-Component of Rotation-Axis Direction
Z-Component of Rotation-Axis Direction
X-component of shear stress
Y-component of shear stress

Z-component of shear stress

back-wall-surface

no
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Condition Value

Enable shell conduction?
Wall Motion 0

Shear Boundary Condition

no

0

Define wall motion relative to adjacent cell zone? yes

Apply a rotational velocity to this wall?
Velocity Magnitude 0
X-Component of Wall Translation
Y-Component of Wall Translation
Z-Component of Wall Translation

Define wall velocity components?
X-Component of Wall Translation
Y-Component of Wall Translation
Z-Component of Wall Translation
Rotation Speed 0
X-Position of Rotation-Axis Origin
Y-Position of Rotation-Axis Origin
Z-Position of Rotation-Axis Origin
X-Component of Rotation-Axis Direction
Y-Component of Rotation-Axis Direction
Z-Component of Rotation-Axis Direction
X-component of shear stress
Y-component of shear stress

Z-component of shear stress

bottom-surface

Condition Value

Enable shell conduction?
Wall Motion 0

Shear Boundary Condition

no

no

0

Define wall motion relative to adjacent cell zone? yes

Apply a rotational velocity to this wall?
Velocity Magnitude 0
X-Component of Wall Translation
Y-Component of Wall Translation
Z-Component of Wall Translation

Define wall velocity components?
X-Component of Wall Translation
Y-Component of Wall Translation
Z-Component of Wall Translation
Rotation Speed 0
X-Position of Rotation-Axis Origin
Y-Position of Rotation-Axis Origin

Z-Position of Rotation-Axis Origin

no
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X-Component of Rotation-Axis Direction 0
Y-Component of Rotation-Axis Direction 0
Z-Component of Rotation-Axis Direction 1
X-component of shear stress 0
Y-component of shear stress 0
Z-component of shear stress 0

pipe-under-water

Condition Value
Enable shell conduction? no
Wall Motion 0

Shear Boundary Condition 0

Define wall motion relative to adjacent cell zone? yes
Apply a rotational velocity to this wall? no
Velocity Magnitude 0
X-Component of Wall Translation 1
Y-Component of Wall Translation 0
Z-Component of Wall Translation 0
Define wall velocity components? no
X-Component of Wall Translation 0
Y-Component of Wall Translation 0
Z-Component of Wall Translation 0
Rotation Speed 0
X-Position of Rotation-Axis Origin 0
Y-Position of Rotation-Axis Origin 0
Z-Position of Rotation-Axis Origin 0
X-Component of Rotation-Axis Direction 0
Y-Component of Rotation-Axis Direction 0
Z-Component of Rotation-Axis Direction 1
X-component of shear stress 0
Y-component of shear stress 0

Z-component of shear stress 0

pipe-upper

Condition Value

Enable shell conduction? no
Wall Motion 0
Shear Boundary Condition 0

Define wall motion relative to adjacent cell zone? yes

Apply a rotational velocity to this wall? no
Velocity Magnitude 0
X-Component of Wall Translation 1

Y-Component of Wall Translation 0
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Z-Component of Wall Translation
Define wall velocity components?
X-Component of Wall Translation
Y-Component of Wall Translation

Z-Component of Wall Translation

Rotation Speed 0

X-Position of Rotation-Axis Origin
Y-Position of Rotation-Axis Origin
Z-Position of Rotation-Axis Origin
X-Component of Rotation-Axis Direction
Y-Component of Rotation-Axis Direction
Z-Component of Rotation-Axis Direction
X-component of shear stress
Y-component of shear stress

Z-component of shear stress

section-pipe-inlet

Condition Value

upper-surface

Condition Value

pipe-inlet

Condition Value

pipe-section-upper-surface

Condition Value

default-interior

Condition Value

Equations

Equation  Solved

no
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Flow yes

Turbulence vyes

Numerics

Numeric Enabled

Absolute Velocity Formulation yes

Unsteady Calculation Parameters

Time Step (s) 0.050000001

Max. Iterations Per Time Step 50

Relaxation
Variable Relaxation Factor
Pressure 0.30000001
Density 1
Body Forces 1
Momentum 0.69999999

Turbulence Kinetic Energy  0.80000001
Turbulence Dissipation Rate 0.80000001
Turbulent Viscosity 1

Linear Solver

Solver  Termination Residual Reduction

Variable Type Criterion  Tolerance
Pressure V-Cycle 0.1

X-Momentum Flexible 0.1 0.7
Y-Momentum Flexible 0.1 0.7
Z-Momentum Flexible 0.1 0.7
Turbulence Kinetic Energy  Flexible 0.1 0.7
Turbulence Dissipation Rate Flexible 0.1 0.7

Discretization Scheme

Variable Scheme

Pressure PRESTO!

Pressure-Velocity Coupling  PISO
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Momentum QUICK
Turbulence Kinetic Energy ~ Second Order Upwind
Turbulence Dissipation Rate Second Order Upwind

Solution Limits

Quantity Limit

Minimum Absolute Pressure 1
Maximum Absolute Pressure 5000000
Minimum Temperature 1
Maximum Temperature 5000
Minimum Turb. Kinetic Energy  1e-14
Minimum Turb. Dissipation Rate 1e-20

Maximum Turb. Viscosity Ratio 100000

Material Properties

Material: water-liquid (fluid)

Property Units  Method Value(s)
Density kg/m3  constant 998.2

Cp (Specific Heat) j/kg-k  constant 4182
Thermal Conductivity w/m-k  constant 0.6
Viscosity kg/m-s  constant 0.001003
Molecular Weight kg/kgmol constant 18.0152

L-J Characteristic Length angstrom constant 0
L-J Energy Parameter k constant 0
Thermal Expansion Coefficient 1/k constant 0

Degrees of Freedom constant 0

Material: air (fluid)

Property Units  Method  Value(s)
Density kg/m3  constant 1.225
Cp (Specific Heat) j/lkg-k  constant 1006.43
Thermal Conductivity w/m-k  constant 0.0242
Viscosity kg/m-s  constant 1.7894e-05
Molecular Weight kg/kgmol constant 28.966

L-J Characteristic Length angstrom constant 3.711
L-J Energy Parameter k constant 78.6
Thermal Expansion Coefficient 1/k constant 0

Degrees of Freedom constant 0
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Material: aluminum (solid)

Property Units Method  Value(s)

Density kg/m3 constant 2719
Cp (Specific Heat)  j/kg-k constant 871

Thermal Conductivity w/m-k constant 202.4

7 2. dUUA1RaIN 2.1 (3198957 3.4)

FLUENT
Version: 3d, segregated, rngke, unsteady (3d, segregated, RNG k-epsilon, unsteady)

Release: 6.0.12

Title:

Models
Model Settings
Space 3D
Time Unsteady, 1st-Order Implicit
Viscous RNG k-epsilon turbulence model
Wall Treatment Enhanced Wall Treatment

RNG Differential Viscosity Model Disabled
RNG Swirl Dominated Flow Option Disabled
Heat Transfer Disabled

Solidification and Melting Disabled

Species Transport Disabled
Coupled Dispersed Phase Disabled
Pollutants Disabled

Soot Disabled

Boundary Conditions

Zones
name id type
fluid. 16 2 fluid
pressure-outlet-13 13 pressure-outlet

pipe-under-water-shadow 18 wall

breaker-shadow 16 wall
breaker 3 wall
velocity_inlet.12 4 velocity-inlet
side-wall-near 5 wall

side-wall-far 6 wall
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back-wall-surface 7 wall
bottom-surface 8 wall
pipe-under-water 9 wall
pipe-upper 10 wall
section-pipe-inlet 11 interior
upper-surface 12 symmetry
pipe-inlet 14 interior

pipe-section-upper-surface 15 interior

default-interior 17 interior

Boundary Conditions

fluid. 16

Condition Value

Material Name water-liquid

Specify source terms? no

Source Terms ((mass (inactive . #f) (constant . 0) (profile )) (x-momentum (inactive . #f) (constant . 0) (profile )) (y-
momentum (inactive . #f) (constant . 0) (profile )) (z-momentum (inactive . #f) (constant . 0) (profile )) (k (inactive . #f) (constant . 0) (profile ))
(epsilon (inactive . #f) (constant . 0) (profile )))

Specify fixed values? no

Local Coordinate System for Fixed Velocities no

Fixed Values ((x-velocity (inactive . #f) (constant . 0) (profile )) (y-velocity (inactive . #f) (constant . 0) (profile )) (z-
velocity (inactive . #f) (constant . 0) (profile )) (k (inactive . #f) (constant . 0) (profile )) (epsilon (inactive . #f) (constant . 0) (profile )))

Motion Type 0

X-Velocity Of Zone 0

Y-Velocity Of Zone 0

Z-Velocity Of Zone 0

Rotation speed 0

X-Origin of Rotation-Axis 0

Y-Origin of Rotation-Axis 0

Z-Origin of Rotation-Axis 0

X-Component of Rotation-Axis 0

Y-Component of Rotation-Axis 0

Z-Component of Rotation-Axis 1

Laminar zone? no

Porous zone? no

Conical porous zone? no

X-Component of Direction-1 Vector 1

Y-Component of Direction-1 Vector 1

Z-Component of Direction-1 Vector 1

X-Component of Direction-2 Vector 0

Y-Component of Direction-2 Vector 1

Z-Component of Direction-2 Vector 0

X-Coordinate of Point on Cone Axis 1
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Y-Coordinate of Point on Cone Axis 0
Z-Coordinate of Point on Cone Axis 0

Half Angle of Cone Relative to its Axis 0

Direction-1 Viscous Resistance 0
Direction-2 Viscous Resistance 0
Direction-3 Viscous Resistance 0
Direction-1 Inertial Resistance 0
Direction-2 Inertial Resistance 0
Direction-3 Inertial Resistance 0
CO Coefficient for Power-Law 0
C1 Coefficient for Power-Law 0
Porosity 1

pressure-outlet-13

Condition Value

Gauge Pressure 0

Radial Equilibrium Pressure Distribution no

Turbulence Specification Method 3
Backflow Turb. Kinetic Energy 1
Backflow Turb. Dissipation Rate 1
Backflow Turbulence Intensity 4e-06
Backflow Turbulence Length Scale 1
Backflow Hydraulic Diameter 0.003

Backflow Turbulent Viscosity Ratio 10

pipe-under-water-shadow

Condition Value
Enable shell conduction? no
Wall Motion 0

Shear Boundary Condition 0

Define wall motion relative to adjacent cell zone? yes

Apply a rotational velocity to this wall? no
Velocity Magnitude 0
X-Component of Wall Translation 1
Y-Component of Wall Translation 0
Z-Component of Wall Translation 0
Define wall velocity components? no
X-Component of Wall Translation 0
Y-Component of Wall Translation 0
Z-Component of Wall Translation 0
Rotation Speed 0
X-Position of Rotation-Axis Origin 0

Y-Position of Rotation-Axis Origin 0
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Z-Position of Rotation-Axis Origin 0
X-Component of Rotation-Axis Direction 0
Y-Component of Rotation-Axis Direction 0
Z-Component of Rotation-Axis Direction 1
X-component of shear stress 0
Y-component of shear stress 0
Z-component of shear stress 0

breaker-shadow

Condition Value
Enable shell conduction? no
Wall Motion 0

Shear Boundary Condition 0

Define wall motion relative to adjacent cell zone? yes
Apply a rotational velocity to this wall? no
Velocity Magnitude 0
X-Component of Wall Translation 1
Y-Component of Wall Translation 0
Z-Component of Wall Translation 0
Define wall velocity components? no
X-Component of Wall Translation 0
Y-Component of Wall Translation 0
Z-Component of Wall Translation 0
Rotation Speed 0
X-Position of Rotation-Axis Origin 0
Y-Position of Rotation-Axis Origin 0
Z-Position of Rotation-Axis Origin 0
X-Component of Rotation-Axis Direction 0
Y-Component of Rotation-Axis Direction 0
Z-Component of Rotation-Axis Direction 1
X-component of shear stress 0
Y-component of shear stress 0

Z-component of shear stress 0

breaker

Condition Value

Enable shell conduction? no

Wall Motion 0

Shear Boundary Condition 0

Define wall motion relative to adjacent cell zone? yes
Apply a rotational velocity to this wall? no
Velocity Magnitude 0

X-Component of Wall Translation 1
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Y-Component of Wall Translation
Z-Component of Wall Translation

Define wall velocity components?
X-Component of Wall Translation
Y-Component of Wall Translation
Z-Component of Wall Translation
Rotation Speed 0
X-Position of Rotation-Axis Origin
Y-Position of Rotation-Axis Origin
Z-Position of Rotation-Axis Origin
X-Component of Rotation-Axis Direction
Y-Component of Rotation-Axis Direction
Z-Component of Rotation-Axis Direction
X-component of shear stress
Y-component of shear stress

Z-component of shear stress

velocity_inlet.12

Condition Value

Velocity Specification Method 2

Reference Frame 0

Velocity Magnitude 0.046118651
Coordinate System 0

X-Velocity 0

Y-Velocity 0

Z-Velocity 0

-

X-Component of Flow Direction

Y-Component of Flow Direction

o o

Z-Component of Flow Direction
X-Component of Axis Direction 1
Y-Component of Axis Direction 0
Z-Component of Axis Direction 0
X-Coordinate of Axis Origin 0
Y-Coordinate of Axis Origin 0
Z-Coordinate of Axis Origin 0
Angular velocity 0

Turbulence Specification Method 3

Turb. Kinetic Energy 1

Turb. Dissipation Rate 1

Turbulence Intensity 4.9999999%¢-06
Turbulence Length Scale 1

Hydraulic Diameter 0.001

Turbulent Viscosity Ratio 10

side-wall-near
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Condition Value

Enable shell conduction?
Wall Motion 0

Shear Boundary Condition

no

0

Define wall motion relative to adjacent cell zone? yes

Apply a rotational velocity to this wall?
Velocity Magnitude 0
X-Component of Wall Translation
Y-Component of Wall Translation
Z-Component of Wall Translation

Define wall velocity components?
X-Component of Wall Translation
Y-Component of Wall Translation
Z-Component of Wall Translation
Rotation Speed 0
X-Position of Rotation-Axis Origin
Y-Position of Rotation-Axis Origin
Z-Position of Rotation-Axis Origin
X-Component of Rotation-Axis Direction
Y-Component of Rotation-Axis Direction
Z-Component of Rotation-Axis Direction
X-component of shear stress
Y-component of shear stress

Z-component of shear stress

side-wall-far

Condition Value

Enable shell conduction?
Wall Motion 0

Shear Boundary Condition

no

no

0

Define wall motion relative to adjacent cell zone? yes

Apply a rotational velocity to this wall?
Velocity Magnitude 0
X-Component of Wall Translation
Y-Component of Wall Translation
Z-Component of Wall Translation

Define wall velocity components?
X-Component of Wall Translation
Y-Component of Wall Translation
Z-Component of Wall Translation
Rotation Speed 0
X-Position of Rotation-Axis Origin

Y-Position of Rotation-Axis Origin

no
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Z-Position of Rotation-Axis Origin 0
X-Component of Rotation-Axis Direction 0
Y-Component of Rotation-Axis Direction 0
Z-Component of Rotation-Axis Direction 1
X-component of shear stress 0
Y-component of shear stress 0
Z-component of shear stress 0

back-wall-surface

Condition Value
Enable shell conduction? no
Wall Motion 0

Shear Boundary Condition 0

Define wall motion relative to adjacent cell zone? yes
Apply a rotational velocity to this wall? no
Velocity Magnitude 0
X-Component of Wall Translation 1
Y-Component of Wall Translation 0
Z-Component of Wall Translation 0
Define wall velocity components? no
X-Component of Wall Translation 0
Y-Component of Wall Translation 0
Z-Component of Wall Translation 0
Rotation Speed 0
X-Position of Rotation-Axis Origin 0
Y-Position of Rotation-Axis Origin 0
Z-Position of Rotation-Axis Origin 0
X-Component of Rotation-Axis Direction 0
Y-Component of Rotation-Axis Direction 0
Z-Component of Rotation-Axis Direction 1
X-component of shear stress 0
Y-component of shear stress 0

Z-component of shear stress 0

bottom-surface

Condition Value
Enable shell conduction? no
Wall Motion 0

Shear Boundary Condition 0

Define wall motion relative to adjacent cell zone? yes
Apply a rotational velocity to this wall? no
Velocity Magnitude 0

X-Component of Wall Translation 1
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Y-Component of Wall Translation
Z-Component of Wall Translation
Define wall velocity components?
X-Component of Wall Translation
Y-Component of Wall Translation
Z-Component of Wall Translation
Rotation Speed

X-Position of Rotation-Axis Origin
Y-Position of Rotation-Axis Origin
Z-Position of Rotation-Axis Origin
X-Component of Rotation-Axis Direction
Y-Component of Rotation-Axis Direction
Z-Component of Rotation-Axis Direction
X-component of shear stress
Y-component of shear stress

Z-component of shear stress

pipe-under-water

Condition Value

Enable shell conduction?
Wall Motion 0

Shear Boundary Condition

no

0

Define wall motion relative to adjacent cell zone? yes

Apply a rotational velocity to this wall?
Velocity Magnitude

X-Component of Wall Translation
Y-Component of Wall Translation
Z-Component of Wall Translation
Define wall velocity components?
X-Component of Wall Translation
Y-Component of Wall Translation

Z-Component of Wall Translation

Rotation Speed 0

X-Position of Rotation-Axis Origin
Y-Position of Rotation-Axis Origin
Z-Position of Rotation-Axis Origin
X-Component of Rotation-Axis Direction
Y-Component of Rotation-Axis Direction
Z-Component of Rotation-Axis Direction
X-component of shear stress
Y-component of shear stress

Z-component of shear stress

pipe-upper

no
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Condition Value

Enable shell conduction?
Wall Motion 0

Shear Boundary Condition

no

0

Define wall motion relative to adjacent cell zone? yes

Apply a rotational velocity to this wall?
Velocity Magnitude 0
X-Component of Wall Translation
Y-Component of Wall Translation
Z-Component of Wall Translation

Define wall velocity components?
X-Component of Wall Translation
Y-Component of Wall Translation
Z-Component of Wall Translation
Rotation Speed 0
X-Position of Rotation-Axis Origin
Y-Position of Rotation-Axis Origin
Z-Position of Rotation-Axis Origin
X-Component of Rotation-Axis Direction
Y-Component of Rotation-Axis Direction
Z-Component of Rotation-Axis Direction
X-component of shear stress
Y-component of shear stress

Z-component of shear stress

section-pipe-inlet

Condition Value

upper-surface

Condition Value

pipe-inlet

Condition Value

pipe-section-upper-surface

Condition Value

default-interior

no
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Condition Value

Equations

Equation  Solved

Flow yes

Turbulence yes

Numerics

Numeric

Enabled

Absolute Velocity Formulation yes

Unsteady Calculation Parameters

Time Step (s)

0.050000001

Max. Iterations Per Time Step 50

Relaxation
Variable Relaxation Factor
Pressure 0.30000001
Density 1
Body Forces 1
Momentum 0.69999999

Turbulence Kinetic Energy  0.80000001

Turbulence Dissipation Rate 0.80000001

Turbulent Viscosity 1

Linear Solver

Solver  Termination Residual Reduction

Variable Type Criterion  Tolerance
Pressure V-Cycle 0.1

X-Momentum Flexible 0.1 0.7
Y-Momentum Flexible 0.1 0.7
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Z-Momentum Flexible 0.1 0.7
Turbulence Kinetic Energy  Flexible 0.1 0.7
Turbulence Dissipation Rate Flexible 0.1 0.7

Discretization Scheme

Variable Scheme

Pressure PRESTO!

Pressure-Velocity Coupling  PISO

Momentum QUICK

Turbulence Kinetic Energy ~ Second Order Upwind

Turbulence Dissipation Rate Second Order Upwind

Solution Limits

Quantity Limit

Minimum Absolute Pressure 1
Maximum Absolute Pressure 5000000
Minimum Temperature 1
Maximum Temperature 5000
Minimum Turb. Kinetic Energy ~ 1e-14
Minimum Turb. Dissipation Rate 1e-20

Maximum Turb. Viscosity Ratio 100000

Material Properties

Material: water-liquid (fluid)

Property Units  Method  Value(s)
Density kg/m3  constant 998.2

Cp (Specific Heat) j/kg-k  constant 4182
Thermal Conductivity w/m-k  constant 0.6
Viscosity kg/m-s  constant 0.001003
Molecular Weight kg/kgmol constant 18.0152

L-J Characteristic Length angstrom constant 0
L-J Energy Parameter k constant 0
Thermal Expansion Coefficient 1/k constant 0

Degrees of Freedom constant 0

Material: air (fluid)

Property Units  Method  Value(s)
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Density kg/m3  constant 1.225

Cp (Specific Heat) j/kg-k  constant 1006.43
Thermal Conductivity w/m-k  constant 0.0242
Viscosity kg/m-s  constant 1.7894e-05
Molecular Weight kg/kgmol constant 28.966

L-J Characteristic Length angstrom constant 3.711
L-J Energy Parameter k constant 78.6
Thermal Expansion Coefficient 1/k constant 0

Degrees of Freedom constant 0

Material: aluminum (solid)

Property Units  Method  Value(s)

Density kg/m3 constant 2719
Cp (Specific Heat)  j/kg-k constant 871

Thermal Conductivity w/m-k constant 202.4
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FLUENT

Version: 3d, segregated, rngke, unsteady (3d, segregated, RNG k-epsilon, unsteady)
Release: 6.0.12

Title:

Models
Model Settings
Space 3D
Time Unsteady, 1st-Order Implicit
Viscous RNG k-epsilon turbulence model
Wall Treatment Enhanced Wall Treatment

RNG Differential Viscosity Model Disabled
RNG Swirl Dominated Flow Option Disabled
Heat Transfer Disabled

Solidification and Melting Disabled

Species Transport Disabled
Coupled Dispersed Phase Disabled
Pollutants Disabled

Soot Disabled

Boundary Conditions

Zones
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name id type
fluid.13 2 fluid
pressure-outlet-13 13 pressure-outlet

pipe-under-water-shadow 18 wall

breaker-shadow 16 wall
breaker 3 wall
velocity_inlet.12 4 velocity-inlet
side-wall-near 5 wall
side-wall-far 6 wall
back-wall-surface 7 wall
bottom-surface 8 wall
pipe-under-water 9 wall
pipe-upper 10 wall
section-pipe-inlet 11 interior
upper-surface 12 symmetry
pipe-inlet 14 interior

pipe-section-upper-surface 15 interior

default-interior 17 interior

Boundary Conditions

fluid.13

Condition Value

Material Name water-liquid

Specify source terms? no

Source Terms ((mass (inactive . #f) (constant . 0) (profile )) (x-momentum (inactive . #f) (constant . 0) (profile )) (y-
momentum (inactive . #f) (constant . 0) (profile )) (zz-momentum (inactive . #f) (constant . 0) (profile )) (k (inactive . #f) (constant . 0) (profile ))
(epsilon (inactive . #f) (constant . 0) (profile )))

Specify fixed values? no

Local Coordinate System for Fixed Velocities no

Fixed Values ((x-velocity (inactive . #f) (constant . 0) (profile )) (y-velocity (inactive . #f) (constant . 0) (profile )) (z-
velocity (inactive . #f) (constant . 0) (profile )) (k (inactive . #f) (constant . 0) (profile )) (epsilon (inactive . #f) (constant . 0) (profile )))

Motion Type 0

X-Velocity Of Zone 0

Y-Velocity Of Zone 0

Z-Velocity Of Zone 0

Rotation speed 0

X-Origin of Rotation-Axis 0

Y-Origin of Rotation-Axis 0

Z-Origin of Rotation-Axis 0

X-Component of Rotation-Axis 0

Y-Component of Rotation-Axis 0

Z-Component of Rotation-Axis 1
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Laminar zone? no
Porous zone? no
Conical porous zone? no
X-Component of Direction-1 Vector 1
Y-Component of Direction-1 Vector 1
Z-Component of Direction-1 Vector 1
X-Component of Direction-2 Vector 0
Y-Component of Direction-2 Vector 1
Z-Component of Direction-2 Vector 0
X-Coordinate of Point on Cone Axis 1
Y-Coordinate of Point on Cone Axis 0
Z-Coordinate of Point on Cone Axis 0
Half Angle of Cone Relative to its Axis 0
Direction-1 Viscous Resistance 0
Direction-2 Viscous Resistance 0
Direction-3 Viscous Resistance 0
Direction-1 Inertial Resistance 0
Direction-2 Inertial Resistance 0
Direction-3 Inertial Resistance 0
CO Coefficient for Power-Law 0
C1 Coefficient for Power-Law 0

Porosity 1
pressure-outlet-13

Condition Value

Gauge Pressure 0

Radial Equilibrium Pressure Distribution no

Turbulence Specification Method 3
Backflow Turb. Kinetic Energy 1
Backflow Turb. Dissipation Rate 1
Backflow Turbulence Intensity 4e-06
Backflow Turbulence Length Scale 1
Backflow Hydraulic Diameter 0.003

Backflow Turbulent Viscosity Ratio 10

pipe-under-water-shadow

Condition Value
Enable shell conduction? no
Wall Motion 0

Shear Boundary Condition 0

Define wall motion relative to adjacent cell zone? yes
Apply a rotational velocity to this wall? no

Velocity Magnitude 0




X-Component of Wall Translation 1
Y-Component of Wall Translation 0
Z-Component of Wall Translation 0
Define wall velocity components? no
X-Component of Wall Translation 0
Y-Component of Wall Translation 0
Z-Component of Wall Translation 0
Rotation Speed 0
X-Position of Rotation-Axis Origin 0
Y-Position of Rotation-Axis Origin 0
Z-Position of Rotation-Axis Origin 0
X-Component of Rotation-Axis Direction 0
Y-Component of Rotation-Axis Direction 0
Z-Component of Rotation-Axis Direction 1
X-component of shear stress 0
Y-component of shear stress 0

Z-component of shear stress 0

breaker-shadow

Condition Value
Enable shell conduction? no
Wall Motion 0

Shear Boundary Condition 0

Define wall motion relative to adjacent cell zone? yes
Apply a rotational velocity to this wall? no
Velocity Magnitude 0
X-Component of Wall Translation 1
Y-Component of Wall Translation 0
Z-Component of Wall Translation 0
Define wall velocity components? no
X-Component of Wall Translation 0
Y-Component of Wall Translation 0
Z-Component of Wall Translation 0
Rotation Speed 0
X-Position of Rotation-Axis Origin 0
Y-Position of Rotation-Axis Origin 0
Z-Position of Rotation-Axis Origin 0
X-Component of Rotation-Axis Direction 0
Y-Component of Rotation-Axis Direction 0
Z-Component of Rotation-Axis Direction 1
X-component of shear stress 0
Y-component of shear stress 0

Z-component of shear stress 0

breaker
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Condition Value
Enable shell conduction? no
Wall Motion 0

Shear Boundary Condition 0

Define wall motion relative to adjacent cell zone? yes
Apply a rotational velocity to this wall? no
Velocity Magnitude 0
X-Component of Wall Translation 1
Y-Component of Wall Translation 0
Z-Component of Wall Translation 0
Define wall velocity components? no
X-Component of Wall Translation 0
Y-Component of Wall Translation 0
Z-Component of Wall Translation 0
Rotation Speed 0
X-Position of Rotation-Axis Origin 0
Y-Position of Rotation-Axis Origin 0
Z-Position of Rotation-Axis Origin 0
X-Component of Rotation-Axis Direction 0
Y-Component of Rotation-Axis Direction 0
Z-Component of Rotation-Axis Direction 1
X-component of shear stress 0
Y-component of shear stress 0

Z-component of shear stress 0

velocity_inlet.12

Condition Value

Velocity Specification Method 2

Reference Frame 0

Velocity Magnitude 0.046118651
Coordinate System 0

X-Velocity 0

Y-Velocity 0

Z-Velocity 0

X-Component of Flow Direction

Y-Component of Flow Direction

o O

Z-Component of Flow Direction
X-Component of Axis Direction 1
Y-Component of Axis Direction 0
Z-Component of Axis Direction 0
X-Coordinate of Axis Origin 0
Y-Coordinate of Axis Origin 0

Z-Coordinate of Axis Origin 0
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Angular velocity 0

Turbulence Specification Method 3

Turb. Kinetic Energy 1

Turb. Dissipation Rate 1

Turbulence Intensity 4.9999999%¢-06
Turbulence Length Scale 1

Hydraulic Diameter 0.001

Turbulent Viscosity Ratio 10

side-wall-near

Condition Value
Enable shell conduction? no
Wall Motion 0

Shear Boundary Condition 0

Define wall motion relative to adjacent cell zone? yes
Apply a rotational velocity to this wall? no
Velocity Magnitude 0
X-Component of Wall Translation 1
Y-Component of Wall Translation 0
Z-Component of Wall Translation 0
Define wall velocity components? no
X-Component of Wall Translation 0
Y-Component of Wall Translation 0
Z-Component of Wall Translation 0
Rotation Speed 0
X-Position of Rotation-Axis Origin 0
Y-Position of Rotation-Axis Origin 0
Z-Position of Rotation-Axis Origin 0
X-Component of Rotation-Axis Direction 0
Y-Component of Rotation-Axis Direction 0
Z-Component of Rotation-Axis Direction 1
X-component of shear stress 0
Y-component of shear stress 0

Z-component of shear stress 0

side-wall-far

Condition Value

Enable shell conduction? no

Wall Motion 0

Shear Boundary Condition 0

Define wall motion relative to adjacent cell zone? yes
Apply a rotational velocity to this wall? no

Velocity Magnitude 0




X-Component of Wall Translation 1
Y-Component of Wall Translation 0
Z-Component of Wall Translation 0
Define wall velocity components? no
X-Component of Wall Translation 0
Y-Component of Wall Translation 0
Z-Component of Wall Translation 0
Rotation Speed 0
X-Position of Rotation-Axis Origin 0
Y-Position of Rotation-Axis Origin 0
Z-Position of Rotation-Axis Origin 0
X-Component of Rotation-Axis Direction 0
Y-Component of Rotation-Axis Direction 0
Z-Component of Rotation-Axis Direction 1
X-component of shear stress 0
Y-component of shear stress 0

Z-component of shear stress 0

back-wall-surface

Condition Value
Enable shell conduction? no
Wall Motion 0

Shear Boundary Condition 0

Define wall motion relative to adjacent cell zone? yes
Apply a rotational velocity to this wall? no
Velocity Magnitude 0
X-Component of Wall Translation 1
Y-Component of Wall Translation 0
Z-Component of Wall Translation 0
Define wall velocity components? no
X-Component of Wall Translation 0
Y-Component of Wall Translation 0
Z-Component of Wall Translation 0
Rotation Speed 0
X-Position of Rotation-Axis Origin 0
Y-Position of Rotation-Axis Origin 0
Z-Position of Rotation-Axis Origin 0
X-Component of Rotation-Axis Direction 0
Y-Component of Rotation-Axis Direction 0
Z-Component of Rotation-Axis Direction 1
X-component of shear stress 0
Y-component of shear stress 0

Z-component of shear stress 0

bottom-surface
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Condition Value

Enable shell conduction?
Wall Motion 0

Shear Boundary Condition

no

0

Define wall motion relative to adjacent cell zone? yes

Apply a rotational velocity to this wall?
Velocity Magnitude 0
X-Component of Wall Translation
Y-Component of Wall Translation
Z-Component of Wall Translation

Define wall velocity components?
X-Component of Wall Translation
Y-Component of Wall Translation
Z-Component of Wall Translation
Rotation Speed 0
X-Position of Rotation-Axis Origin
Y-Position of Rotation-Axis Origin
Z-Position of Rotation-Axis Origin
X-Component of Rotation-Axis Direction
Y-Component of Rotation-Axis Direction
Z-Component of Rotation-Axis Direction
X-component of shear stress
Y-component of shear stress

Z-component of shear stress

pipe-under-water

Condition Value

Enable shell conduction?
Wall Motion 0

Shear Boundary Condition

no

no

0

Define wall motion relative to adjacent cell zone? yes

Apply a rotational velocity to this wall?
Velocity Magnitude 0
X-Component of Wall Translation
Y-Component of Wall Translation
Z-Component of Wall Translation

Define wall velocity components?
X-Component of Wall Translation
Y-Component of Wall Translation
Z-Component of Wall Translation
Rotation Speed 0
X-Position of Rotation-Axis Origin

Y-Position of Rotation-Axis Origin

no
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Z-Position of Rotation-Axis Origin
X-Component of Rotation-Axis Direction
Y-Component of Rotation-Axis Direction
Z-Component of Rotation-Axis Direction
X-component of shear stress
Y-component of shear stress

Z-component of shear stress

pipe-upper

Condition Value

Enable shell conduction?
Wall Motion 0

Shear Boundary Condition

no

0

Define wall motion relative to adjacent cell zone? yes

Apply a rotational velocity to this wall?
Velocity Magnitude

X-Component of Wall Translation
Y-Component of Wall Translation
Z-Component of Wall Translation
Define wall velocity components?
X-Component of Wall Translation
Y-Component of Wall Translation
Z-Component of Wall Translation
Rotation Speed

X-Position of Rotation-Axis Origin
Y-Position of Rotation-Axis Origin
Z-Position of Rotation-Axis Origin
X-Component of Rotation-Axis Direction
Y-Component of Rotation-Axis Direction
Z-Component of Rotation-Axis Direction
X-component of shear stress
Y-component of shear stress

Z-component of shear stress

section-pipe-inlet

Condition Value

upper-surface

Condition Value

pipe-inlet

no
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Condition Value

pipe-section-upper-surface

Condition Value

default-interior

Condition Value

Equations

Equation  Solved

Flow yes

Turbulence yes

Numerics

Numeric Enabled

Absolute Velocity Formulation yes

Unsteady Calculation Parameters

Time Step (s) 0.050000001

Max. Iterations Per Time Step 50

Relaxation
Variable Relaxation Factor
Pressure 0.30000001
Density 1
Body Forces 1
Momentum 0.69999999

Turbulence Kinetic Energy  0.80000001

Turbulence Dissipation Rate 0.80000001
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Turbulent Viscosity 1

Linear Solver

Solver  Termination Residual Reduction

Variable Type Criterion  Tolerance
Pressure V-Cycle 0.1

X-Momentum Flexible 0.1 0.7
Y-Momentum Flexible 0.1 0.7
Z-Momentum Flexible 0.1 0.7
Turbulence Kinetic Energy  Flexible 0.1 0.7
Turbulence Dissipation Rate Flexible 0.1 0.7

Discretization Scheme

Variable Scheme

Pressure PRESTO!

Pressure-Velocity Coupling  PISO

Momentum QUICK

Turbulence Kinetic Energy ~ Second Order Upwind

Turbulence Dissipation Rate Second Order Upwind

Solution Limits

Quantity Limit

Minimum Absolute Pressure 1
Maximum Absolute Pressure 5000000
Minimum Temperature 1
Maximum Temperature 5000
Minimum Turb. Kinetic Energy  1e-14
Minimum Turb. Dissipation Rate 1e-20

Maximum Turb. Viscosity Ratio 100000

Material Properties

Material: water-liquid (fluid)

Property Units  Method  Value(s)
Density kg/m3  constant 998.2

Cp (Specific Heat) j/kg-k  constant 4182
Thermal Conductivity w/m-k  constant 0.6

Viscosity kg/m-s  constant 0.001003
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Molecular Weight kg/kgmol constant 18.0152
L-J Characteristic Length angstrom constant 0
L-J Energy Parameter k constant 0
Thermal Expansion Coefficient 1/k constant 0

Degrees of Freedom constant 0

Material: air (fluid)

Property Units  Method Value(s)
Density kg/m3  constant 1.225
Cp (Specific Heat) j/kg-k  constant 1006.43
Thermal Conductivity w/m-k  constant 0.0242
Viscosity kg/m-s  constant 1.7894e-05
Molecular Weight kg/kgmol constant 28.966

L-J Characteristic Length angstrom constant 3.711
L-J Energy Parameter k constant 78.6
Thermal Expansion Coefficient 1/k constant 0

Degrees of Freedom constant 0

Material: aluminum (solid)

Property Units Method Value(s)

Density kg/m3 constant 2719
Cp (Specific Heat)  j/kg-k constant 871

Thermal Conductivity w/m-k constant 202.4
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