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Abstract

This project's objective is to compare the analysis of flow of water in PE pipe.
The direct calculation using Hazen-Williams equations was being used to compare
with the calculation from COMSOL Multiphysics, a CFD program, in order to study the
performance of piping design and the time being used in design process. The result
was that the direct calculation using Hazen-Williams equations was having less
accuracy than the use of CFD program because it disregarded the pipe fittings. While
the use of CFD program used to analysis the overall pipe system, part by part. It also
used Navier-Stokes equations for calculations. The results from using CFD was more
accurate than from using the direct calculation. However, the direct calculation had
less variables and was less complex. This was the advantage in the time used in
design process. Using COMSOL Multiphysics, the user must build the model prior to
the analysis. This process could took longer time.
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nsgeyiiesas (Minor losses)

msqmﬁﬂsm An m‘sqmLﬁawamuwmmmnm'mJaawmmLavwmwms‘lwa
Lummmamw‘uaqmaﬂwamu Feansamaldanaunissslul

2 2
h, =K x = =f><L" xv—
2g D 2g [2.9]

<
Wie  hy A nsgadeses
= [ = r{ =i [ I dE e < ] s < ]
K fia Andudszavionisgeyde Wunridunudiinuazissvesianiveuvailvasiny
“ 1 1 d o va o " e 3
L fio mmamﬁaumwaqwawﬂwmﬂn'1'§qmul,ﬁaﬂ*J'mmum'laaﬁmmmu
(equivalent ength)
v g mmwmaa Yl mtmmwmsmmﬁaml,aaﬁaamiamtﬁasm fnsanilane
§79 ]mm

nYsvBNevIaaviaviuiiviula
mawaﬂlwaLwamnwammumanwawawmmmlmgfm Fudurtoitinng
wmawuwmmﬂmilmaamammwulm fmumfauaﬂauualmamawammmm

WUYIVIU'](? ﬂ‘!ﬂhﬁﬂ]ﬂ'}'] L‘lJEN‘-I)’]ﬂL‘dHﬂﬁLWﬁLLUUﬁUUQU mauu W’ﬂmﬂﬂﬂ’lidﬂlLﬁEJWﬁN’]U%Q
anmnml,mmnﬂun'ﬁmu

_VZ
- ”KX(aJ [2.10]

=
de i Ap Aalade mawmmmaﬂn'n LLavmmLwalﬂqwawmimﬂ'lwmmw
K fie Ardinssavisnisanide ﬁuwuaﬂnwmﬂﬂamamam

2 2
K=|1 ¥ |8 | Dy
A, D, (2.11]
waq» 1 da 1] ¥
favter “1” = vieNdvuradnnin
1 4 1 Ll
faviee “2” = viendwuaivalndn
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nsgeydeiimnsean
o y v 1 g % 14w B Y <
Wievadlvalvartrgarafvhunalugvdadniuelug fanm A

C} 173 11 ﬂ‘." 1 v 1 3 & o 4 I:} i v
vaansivaiiingarsiuasiiandilndgud wanungadoivseenainvie wildann
ran i
dunsaelull

h =K [Q_'gj [2.12]

= 4 o !

Wa  h fie nsgaydTesvingeen, K = 1.0
LY M [ ] , [ ¥

n1suenavthdanialuaadisdes ¢ Wudes 9 1

a o a W L Y -:T '
msgadonasnudmivnisivavesveavaininutidanisivaidnniily
Famhdanislnaitlvainds wildanaunis dail

YA
W *("2;) [213)

NISAaRVUIAULIGANTS Ivaadraiuiiviule

Ly o 7] M LT Y L-Je
nmsgadewdsnudmivnmsivavesteavannuihdamsluaiiinisan
v e y \ o o w @ arey
wiaans aadrauniule wildnaunis fail

™

nsanvuantdanisluasdsdes ¢ Wu dey 9 U

g @ £ GJ
msgapdendsnudmiunisivasesesvarninmindanislvaniinisan
v oo 4 [ 1 £ o A
wihdnnsluauuures 9 Wurss 9 T wildanauns feil

Vi
.. i
h, KX(zg) [2.15]
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= 2
nsgayideiiniada

o = v v o &
nmsgayidendanuiniad wildanaunis fail

Vz
= L
b, Kx(ggJ [2.16]

=l = a < a\l s
L8 Vo A ﬂ'J’li.lLi'JLﬂaEl'Zlﬂs‘lﬂ'ﬁllﬂﬁﬂ ek

P2 )
nsgeyidutifasningunsalve

1%
L

1 = ' el a y 1 ¥ 11 2
gunsalvia muwtia dawsine q Aldlunasiindsszuuvie wWu destedg q Yo

& H Sy, € 1 1 v oa = @
nmwianng 4 waguszgi Wudy gunsavawmadawiliinnsidsunamdsay

¥ w3 [Y) = € v ' &

afveenislva dsiy msgadendinuiisaningunsabie mildenaunisdelui

v,
h, = KX(ZJ [2.17]

A <y (=] | o o 1 o P
die v, Ais Aniluvie Gailvnauidugunsaitiu 4

uanvINil m’:‘@mul,ﬁEﬁmm11'l‘a‘n‘izulugﬂfuaam’mmwiaaugaé (Equivalent length;
Le) Y84 ULIamN 7
ANYYIRANYAd Aig M1 INENITBIVIE %:’dﬁmaqggl,ﬁawé’w’lumqffumiﬁcgl,ﬁﬂiawiw | 130
NSgREevidn fuite

KD [2.18]

< 4 ¢ 1 da v o ¢
e  Le fig AImEMduyasvasvieniivuwndusigudnata D
& £ ¢ o oA < ' o
K fia Ussdvsnsgadeangunsalifissedraievienais q edrasimiu
= L Q( ]
f Ao dulsgAvenudsaniuveie
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2.6 §31n139849 Hazen-Williams

o[ qe =t as a ° o
aun15984 Hazen-Williams (udnaumswilsilasuanuienlunisianldidients
paNLUULAZ AT IENSEULLN Inedaunts Hazen-Williams fda37nnfe

— o vl e - "8
1. @un15ed Hazen-Williams duaganunsalglaudiursavarmdutinginu

e Y avao @ ¥ &l - -
2. @41N15989 Hazen-Williams wulddviiunisivavenifiaaumgiiung (70°F wie
20°C) Wiy

aun159849 Hazen-Williams f@

v=0,85C.RI*S™ [2.19]

P & & A | |
Wia v Ae Anusmasvaanisiva (m/s)
o4 [ Y o ,;f g g L 1 1 o) -4
C, A AduUseansues Hazen-William (lsifiviuae) fanns1ad 5-1

= o I a ot I R__ D
R A8 sdlvame (m) dusunalenall - “E

energy loss

ALY

2.20
L length of conduit 0]
aumsves Hazen William Tuguwuusngg

v=0.85C, R"“'S"* (m/s) [2.21]

Q=0.85AC, R"“S™" (m?/s) [2.22]

1.852
b =Lx|—2 | (m) [2.23]
0.85AC, R"*

D:[—S'Szg} A (m) [2.24]
C,S"
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n195187 2.1 ﬁaé’uﬁizam‘ﬁfﬁim Hazen-William (C;,)

Ch
o 1 lJ ot 1 1 1
41 Anaaedmsuvialuil/ve .
A1PaNLUU
A2
wianwilen, wananade 150 140
HaNERhn, NoInd, Noundad
o 140 130
fihe!
ABUNTA 120 100
wiaingnuin 60 60

2.7 msivaluviawaiatne (Flows in Multiple Pipas System)

] 1 = ] é b v 1 d! o
5EUUIaLA39 vieie seuurienlsznauluimevianats q aneigeulaeiu lae
d11150918110801NMA1Y 9 NITVIVe Feildnunzadie q Muasiiiy Tuszuuve
LATa8
QI.I E t 4 } 2 s r.‘J L 1 L &}
Toeva q (U azdesdanndosiudoulunis 4 Aail
2.7.1 wavsmeiivadinvesmsgyduanudunelunstinla 9 wwdeavitiugud

<l i

2.7.2 malnairigniula q ssdewiniunisivasenatngasiuty

3 1 1 @  as = =1 W o = 4
nsdweuwanuiatlunsdidneila 2 nsdl Ao
2.7.3 MInauuUBunY (series)

2.7.4 msnawuuau (parallel)



2.7.3 n3riaviawuuansal (Series Pipeline System)

fernnmigu /

Discharge line

.

Ui 2.3 nmiuaninisiaviauuuayn

Calt

(a1 http://eng.sut.ac.th)

2r
H Ver o

AUNTINEIY tanaladil

B Vi P v
Ltz +-L+h,-h =24z, +-2%

Y 2g Y 2g

[2.25]

'
o oet

de by Ao wivwildTudiaduands

h, fie waaauiigadalunssuy o geil 1 fegail 2
he = h1 +h2 +h3 +h4 +h5 +h6

hy Ala Mgaydsimadin

h, Aa msgandeiilasanusadeavag as suction line
hs e MsgLdeil Globe valve

he o Msgadeitiasevisaes

hs fie miqﬂgtﬁaLﬁaqmnmuﬁﬂﬂmu o discharge line
hs fie Msgaudsiinaeen

dmiunisvievieuuveynsy migdevdanuvimun Aenanuveinsgade
{ ) w \ow o o
esnnusudsamuniavun (msgadevan) dunisgepdeilesaingUnsaiiavun

(Msgaydese)

13
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2.7.4 msaviswuusuny (Parallel Pipeline System)

;/ i 7Q,, 2B }
b gt
o [TT—=a | |3
i o e )
T

= AT
UV 2.4 pmuEnInIIRaNBuUUIUIL
<
(M1 http://udel.edu)

{ 1 =2 1 1 lfd a 1
diaszuuraunisdenuuvuiy aunisannaelilssasaun AT Jzey
’Jd L Y C‘i’
aelaauly daalyil

Q=Q [2.26)

Reen <, =h,=h [2.27]

a (¥

2.8 TUsunsunadrdasuadlunalisaruan (Computational Fluid Dynamics)

TUsunsamamanivadlwaasan (CFD) Fuiulusunsuilifiasmsivaidniana
Inasheidnendindidns dserdennnuainsovesnauiinseidaslunisdnaalanldssiv
Tusiodung (Finite Element Method) WWhiadasileilélunsnuenisniudesiinsesi
waziladaginssuvesiudiuneg iifkadenisiva Wevmundudnnfuq Wilaussausila
fiu Tag CFD ¥ilfannsavendiunisindeuiivesnszuanisinaluanzuiliquazaninsa
vimngnnzaeadsmudou anuds wie dmne desrawiudriu uasanilugnisesnuuy
figneaazyssndaalidoluiigegn Tnvordeaunts "udos-aland” Manuraveanisiua
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aun1seyindlumudy (Momentum Equations) wiadunisuniss-aland (Navier-
Stokes Equations)
ou

Tuwudnluwnuny x : p(u% + va + w%) = —% : < V(qu)+ re.  [2.28]

Tandilumnunu y : e %‘ .. _ﬁ) = )+ pg,  [229)

oy ay

o 0 ou oP
Tuudlununy 2 ol a—u+ va + —) =—— + V(uVw)t pg, (2300
X

o o w
Wo U, V,W o fe AnuSInTuuny x, y, z Muasu (m/s)
Yol Aa ATuMuLiuTaat (kg/ m®)

7, Ao Armvilavevadlva (N-s/m?)

& & )
g, &,, &, fim muduilesnusslibudisvedanauunu x, y, z (m/s)

qUil 2.5 MedrauansnsliTusunsy Computational Fluid Dynamics
(i http://drawing99.blogspot.com)
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2.9 Tusunsu Comsol Multiphysics™
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Wuldsunsudmiuniilimevhaumsiunsdnuazsassnissenuuuiumia
Aminssu laeld3d Finite element method satdaudslvludiedunud (Finite Element
£=3 o =) - J o =Y o £ cJ
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Taaslymesniuiiudiudessonii todwud (element) uay wasandoutudne
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Y = v P [y < o
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u.f: 2 v acd | [ o [3
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° a < I A e ¢ o
2.9.3 thaumsnnynedwusiinsatuszsuvaunsiviludieduud dadussuu
aunaLgaey
v
2.9.4 ideulyvauian
E 4 G::' 3 v ‘J 1
2.9.5 whssuuaums Feazlitamasigasouulamm
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e rt vy f & By dg e |

e ATy WE

[ Kt

1= vt " AP0 rA e Parurs 110 ) )

gﬂﬁ 2.6 aviuanssitaganslalusuns Comsol Multiphysics™
(ﬁmhttp://www.appcustom.com/)
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35n1saniiulaseeny

TumsAnuinsnwimsviaueeslsunsy CFD wavssgnililumsduanssuuie
MnsiguiiguadussauzaINTeanluuTEnIansglusuasy CFD AumsAuining
Lildlusunsa
fliuneuntssiiuam 2 sl

3.1.A501AUULA8A5Y

nsAalagnsisziaunisues Darcy-Weisbeah Wagaun15uad Hazen-Williams
dndenldaunisvas Darcy-Weisbeah 7il439uiU Moody Chart Sailudditanasidedols us
willlgmassitdmnasussvesalwiouviniaiumldion uasfaudsuluawergmsld
sdndae maganvindalddenldauntsves Hazen-Williams Faiiuaunisienininea
awsmialdeldazainuazhidwin wazddidiigndes lnginisiinmeiiuuy
Usenausnweylst veudazdrenuils #8asnisiuawils dlonsiuanuemvesiaus
aztdazEnTINIIvands Jadndwnumt wagyids (head loss) Tagldaunisuas
Hazen-Williams Tngu3inaniieslidoyanninunzaesa3unedidunastlunisfnn &
as1eeEail

o ) =, P ¥ = |
M9 3.1 UaMIAIaNYMZUBEYINDS WU pop up qU 6000 series weswiida 5

WTIRL 3ailgaan Sadiden U3nani
s (Ban flau1ania s (m) S ans/ni | ava/vu.
(kPa) (L/min) (m*/hr)
3.5 345 11.6 8.7 7.2 0.43
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d . -
UM 3.1 wuu drawing nMsaeszUvAUSaNes

NUUY drawing szuvaUTINsUBIEINEI515E ITudmeiinnuldwsluniy
4’ J o 3 = o d o
Ruilvesay Fsnrsdnmasiidunsun JaihnsangUiieasaantunisdiuan waasly
v E' ) 1 ) 1] 1] 1
JUtuulneznsuauy Tnsiifulsudaziasuanimuinvesiaudas g



Loop 1

5Uit 3.2 nwlaesunsuszuuvia loop 1
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Loop 2 .

A8

A9

©
A0
°T11 AR o

3Uil 3.3 nwilaszunsuszuuva loop 2
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U 3.4 nwilaezunsuszuuvia loop 3
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N29E19ULERINTAIUIUTABN 5

o 1 1 1 YV o o o 12 A
Tagazvihnsudaialiudieg uddsinmsdunalagldaunisvesi [2.21] uas [2.23]

27 loop 1 913 A

1.852
70 dunng [2.24] h, =L 2 AU Head loss U8ivia A
0.85AC,R"*

o & 1
Tna? L s Amueniuewie = 54.97 m

A A fiuimidavedyie ng2 = %><(0,03g|)2 m?2

C, Ao duuszAndves Hazen-Williams (2100151991 2.1) = 140

J/ = . [DJ (0.0381}
R Ao sdilwesvie | — | =|———| m
4 4

1.852

0.00131

h, =54.97x

2zladn 0.0381]0'63

0.85x”x(0_0381)2x140x[_ £354
4 4

h,.=236um

aaiy ndrfldannsdnadaedy by dandunamaniivesnisivaluve

.6 ; o 2 \ '
a3 [2.22] v=0.85C,R""’S™ dgunamiaruiwenisivalude A

4 a 4 I i | hy 2.36
IWEJ'VI § A8 ﬂ'l'ﬂaﬂLﬁﬂlan'ﬂ'lﬂﬂ']'\l]ﬁ]umﬂﬂu-ﬂﬂu’lElﬁ')'u.lEﬂ']‘Ua\'}Vl@ f = W

0.63 0.54
v=0.85x140x 0.0381)" [ 2.36 ]
4 54.97

v=1.15m/s
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3.2.n5allglUsnasudeassinaseiaudsnisnie i ludd awid

2| . . ' ° 1] 3 a_d

tWasnnlusunsy Multiphysics™ Tsiaunsadiunaa loop 1o Sailvndniiag
= 1} -J b4 J o dl ) I‘; i\
nsizianiztrniudedewuuiiass iemdnsnisivatasanusmianveudas
loop Tasn1sasruuuTasszuuIwlagiinsinasssuudeimeiindusanss

v o n !OJ o o = =Y ['4
3.3 ﬂ’l'iﬁﬁ'l\ﬂL‘U'Uﬂ']aﬁﬁ'iﬁ:’U'U'iﬂEJu’lﬂ'lﬂ‘W?ﬂﬂﬁﬂ‘i\‘ltﬂai
MsdLUUTIasIssuuInaingensialuswnsIlaunv 3 i lnenanuudiasd

€ 1 a 1 o | A 1 vV o o e vow
vesgunsaiunazfudnniwndenuilussuue wvitnig Import uwuudassitlainlusuun
. . d @ & 2/ Y '6} £ [}
54 Comsol Multiphysics™ L'wmm‘ﬁswagaﬂ’tﬂ,wawmuﬂwa

= ) & 3 €D a
A19199 3.2 uaminnududiuguniniiinualuniseeniuusruvalianes

410U 57189N15 w2y | 9
1 WoHDPE 4u1a %" 200 wes PN 6.3 | 1 1
VioHOPE 9w 1" 2004u@s PN 6.3 |  1hu 1
oHDPE 9u1a 14" 200 wms PN 6.3 | 3w 2
viaHDPE 11m 114" 200 wiag PN 6.3 i 1

) 4
3
q
5 ELBOW 90 ° %" (T1S,SFS) ,PN6.3 i 82
6
7
9

ELBOW 90 ° 144" (TIS,SFS) ,PN6.3 17 1

ELBOW 90 ° 115" (TIS,SFS)  ,PN6.3 ] 7 13

TEE 1%"x 114" x 14" (TIS,SFS) ,PN6.3 h 11
10 TEE 34" x %" x %" (TIS,SFS) ,PN63 | 61 6
11 TEE "% 1" x 1" (TIS,SFS) ,PN6.3 i 5
12 TEE 1% "x 1%4" x 115" (TIS,SFS) ,PN6.3 17 2
13 Reducer 114" x 114" in 3
14 Reducer 1%4" x %" i 1
15 Reducer 1%" x 1" i 3
16 Reducer 1" x %" 2! 2
17 springer (pop-up) ) 27
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3.5 nsdnasensiuavasntuislasdiaszideyadaalusunsy Comsol
Multiphysics™

My aessuuheidetiaauiunes gunsaild eouiuned
Tiiatin CPU : Intel(R) Core(TM) i5 CPU Md50 @2.4GHz 2.40 GHz RAM 2.00 GB Windows
7 Ultimateuwazllusunsy Comsol Multiphysics™ 14 Space dimension : 3D wfiavaed
wudunuu Lagrange- PP,

NIl AeummesdmsumTimssidummdunaranivediva (Fluid
Dynamics) Ingadelusinsu Comsol Multiphysics™ fmeignisuusdaavadlauu Wity
3 ] v a a o v gV oo ada f |
\wadlang WisnabiAawndauiing (Volume Mesh) udalsf sanessu (Algorithm) 7

w o o 4 P s .
winganlunsunaunsvesmaaaeun daduauns wides-alans (Navier-Stokes
Equation) dwiunidluawvuniln (Viscid Flow) uenvnilmsildnyargunsawulid
b2 CJ 1
Tassadniudueu (Unstructured mesh)

o

o c;‘ 1 1 L 24 1 1 = ‘4 v et
3.5.1 N3 Import LuudIaasgualIuviaLasvanava 3 Un WE‘}ﬂU 2NBULTAINY

Bt o) o
et |Big |0
Uketat |5 18
Ol~la|
*lm|
i.f..'?'iﬁ
8|/ |y
R
[
Io = B
! v
@l
e (B
® l}:'gi
@)Y |
n|= =
i1 N PR}
@ b r
2 |9
:lf
<= . E 1
P | L
H T
7] 4 s (A
P22d groantey dita frow €D file OITEGOASND. STEF =T it T e =i T
(L51. D57, 77.69) XS @D E o Fesary (2] 3:5,

) o 1 aa
3Un 3.9 M3 Import wuudtasawvie 3 i
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3.5.2 MSNUAAT

s g A o n’ o ¥ 1)
anvznenMenYenil NANUAUUTIIINANRMYI 25 °C asiiAianunuuy

ganj1(Density, p) 1000 kgm' arumilana¥aOynamic viscosity, 1) 8.9x10" Pas

' 1
Subdomain Settings - k-& Turbulence Model (chns) =

Equations

pluPu = T{-pI + (n+n X 7u + (Vu) )] +F
Vu=0

puVk= V{(n+ny/o ) Vk] + n;Plu) - pz

puVe = V{(n + ngfo, ) Ve] + C, ;e Pluljk - C‘F{Ja?ii'

where P(u) = Vu:(Vu + (Vu)r}. and Ny = pcpl.sz

Subdomains | Groups l Physics | Stablzation ! Ind ] Element ’ e =
Subdomnain selection | Fluid properties and sourcesfsinks
= 11 Library materisl: w ] Lond‘.r.i |
J
¥y =
f; I 'l Quantity Value/Expression Unit Description
¥ /4 o= p 1000 lg/m? Density
n  B8.9e-4 Pa:s  Dynamic viscosity
11 5
L FA 50 Njo®  Voluma force, x dr.
{
; i K 0 I N/m? Voluma force, y dir.
‘ F, 0 Nfm3  Voluma force, z dr.
Group:
[¥] Select by group
[¥] Active in this domain

(Oo J) (eancd ) [ denivcs] [scutidons]

L E % b y - 1] y S

c; o 1 o
gﬂw 3,10 n13nUAAT Subdomain
3.5.3 N1SNIUUAYDULIN

n3imuAA1 Boundary setting Tagluit Tab Menu =2 Physics 2> Boundary
Settings
-pantden Boundary 19 = Boundary type \den Inlet
-adnidan Boundary 1,20 = Boundary type \ien Outlet wazidan Pressure, no viscous
stress
-Aaniaan Boundary 2,3,5,6,7,8,9,11,12,14,16,17 wa¥ 18 -> Boundary type Aanitu
Wall



28

Boundary Settings - k-¢ Turbulence Model (chns) )
Equation
n+n{vu+(vu) in=0,p=p,
k= 3(U, d )72, £ = € 2750, 12 2) Sy
| Boundaries | Groups| Coefficients [ |
i Boundary selection Boundary condtions i
{ [ ) P {
P 2 O e [T e —— !
{1 L Boundary condition:  (pressure, no viscous stress v | !
i 12 Quantity Value/Expression Unit Description {
| I 5 Po 371486 | Pa presswe 1
4
| !
| - i
L |
i
! 4
: B U b = | mIs  Reference velacity scale i
1 = Ly 0.01 M Turbulent length seals :
i Ip o.os ‘ Turbulence intensity H
il || [E]select by group =5 0,005 ?fs? Turbulent knetic ensray I
: [F] Interior boundarias £o 1§ ons——" B mZjs? Turbulent dissipation rate |
Y - i = _ W o N SSEER A= T . = TR |
| o ) (Teenca ) [ asv ) [ new ] |
N = . — . - - e e = S Resommiasid] |

3Vl 3.11 maimuaAy Boundary setting

3.5.0 Finusdaduiuazngldoamun

Tngtediuudilasaysznaunuy 3 Id Faldssidovionaliludieduudlunisduim
4 J’ o & . .
Ineflgnuy tetrahedral Wufiugruniail@ndaundusunsy Comsol Multiphysics™ da
1 a < 1 1 v
JUTTLU Y tetrahedral wanedauTun 3D Nasastiged9lizduuy fdas
a o o o [y o 1 ) a v 1 o
tetrahedral wiladoinawisadunldiunsuiundanvegasdealafniiguuuumedug

51159 tetrahedral

5Ufl 3.12 JUnsauuy tetrahedral
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3.5.5 mMsuuaaauug

o - - v oa 1Y)

Avuaeduudlagidanuuu Free Mesh ualadnit Free mesh Parameters 1an
\d@on Predefined mesh sizes adntdan Normal (au1a Mesh Unii) anmiuagyinisudaed
WudIBIUUSIaad Fes e AUATLaYAY 7168 Lo

o Oytizes Dovw Flyvcs Mok S Padpscening Meliphyrs Hels

& =l -
DEES E innl AL A= P ppF s 4dhnn Dot

e
Euin e\la
EGal I)IQ

ket lod

I - ey ] 0

-

I

W [ ': :‘)'_' B W0 _D‘.‘ED

O FREE DR v %P

] L
t

_BEE

72 74 s i

Fatd croastiy €ats (rom CAD file (OUOIDUTNTIGOre. STEF
Bk conists of 7182 elesssrs,

408 59, AT BT fired Flemary: (275 388,

= o P a
JUiN 3.13 wuudrassidinisiysteduudg

3.5.6 msé"ﬂﬂiu.ﬂiuﬁwmmwa (Solve)

wuudiane ta-awdasu( ke Wunildunuusiasanisivawuuudaudwmdy
uvuﬁwaaqﬁ%uagﬁuzﬁvuﬂsﬁa wasruvalunisluawuuiuta (k) wasdasinmsnizae
apandsunsivatudau (8) lunsdalilusunsuduimma wiln k-e Turbulent Model i
A1 Tolerance 1073 wawii ﬁf’lﬂ')'lli}‘lf!ﬂ".ﬁﬂ']‘Sﬁ’]‘l.&'lmﬂaﬁg'](MaXimum number of iterations)

a1 1w < nw s - s P T &
HAvnuy 100 L’i\i'eﬂ“v'lmiﬂ’m’)mwaiwﬂ’l‘l]aﬁmiﬂ1u3m1ﬂﬂ1ﬂullutlﬂlf1ﬂ‘llu
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R R T _ COMSOL M0y - Geom/Chemical Exgineern Modile - e Tirbutee
FltEB(\;e’rsbu#yws ek e Ft!@.cusrg Madihynes e

NEES h..ﬂaa D AL24A=2{QpRP Ik vhhnnk?

i g See vebuty Feld [s] Soesieet vty feld
[ e [ 3

FGund
b Tute

aurnmxmuﬂabu-

Y IFEEE DB+ [ % P00 6.

“ T AN ANUER AL S

W I_!

i A e

[=

Besh contists ot 7R limesca, | = 5 ! = \ 7 ' ~
P+ 3 ton salvsd fox: €819

A Z v
a0 XD W GE Nseory. (4] 864)

gﬂﬁ 3.14 wan1sAnnauuUItaslusingy Comsol Multiphysics™

nmsfnnawaglasldlusunsy Comsol Multiphysics™ anammdraduuanaly
wiunislnaveninsluuudasauuuiiasaudnadingu Stream line ung wazuansnn
AMinnelutuvaaaunoud Imﬂmmuﬁmawm"ummmtsqmnwaﬂ (Max)
Wiy 14.466 m/s :«huLmuﬁumuwm~uﬂ'm'nuw'maav1ﬁm (Min) tdiu 0.205 m/s
mnuumwlmmnmﬁ'q 80undary Integratton aztiludammandifineesn Taanisi
fuiuiiianseenusitowanminisaan



4.10an1IMAadY

o
unn 4

NANISNAABILAZILATIZU

4,1.1 4ANNITVAABIAIIIMIAEN TS

d 1 o A
A5 199 4.1 A1FNULEAAIAINITATUIALAEAT Loop 7 1

a1

o guevie | vuavie | A Q he P V| tailums
(inch) | (mm) | &7 (m) | (m*>hr) | (m) (kPa) | (m/s) | AuInd (s)
A 114" 50 54.97 4.68 2362 | 23.163 | 1.15 93.71
B 114" 40 2.50 2.52 0.085 | 0.834 0.91 77.94
B1 114" 40 55 0.36 0.007 | 0.069 0.15 68.58
B2 1%%”" 50 5.75 0.26 0.007 | 0.069 0.15 75.30
B3 ¥ 32 11.50 1.80 0.544 | 5.335 0.94 71.92
B4 i 32 St 0.36 0.021 0.206 0.23 70.53
B5 i 32 5.5 0.36 0.021 0.206 0.23 68.70
B6 % 25 11.50 0.72 0.611 5.992 0.84 86.02
B7 7% 25 5.75 0.36 0.085| 0.834 0.42 47.35
B8 %" 25 5.75*:_ . 0.36 0.085 | 0.834 0.42 51.87
C 114" 40 22,21 2.16 0.536 5.256 0.75 52.40
€1 1447 40 3.40 0.36 0.004 | 0.039 0.15 50.17
C2 1” 32 Yol Z 1.44 0.198 1.942 0.71 56.08
3 3% 25 10.59 0.36 0.025 0.245 0.23 51.38
ca 1 32 4.38 0.36 0.122 1.196 0.71 61.35
C5 1" 32 3.40 0.36 0.012 ) 0.118 0.23 65.62
Cé6 £/ 25 5.90 0.72 0.312 | 3.059 0.84 71.30
c7 3% 25 7.84 0.36 0.049 | 0.480 0.42 81.50
8 %" 25 10.59 0.36 0.156 1.529 0.42 61.85

a ¢ G <l < a & + da a4

PNNTIATIEIRAIILI n3gayde (Loss) uniigaiaduluveniivinae1ifedas

51 1 d a ¥ e 1
ganvnluaugavie A nnzkssdsanuniinluluvassulsiuniuauevesie wazly

= [ < a0 '

n1seenuuulaasunsy loop il vietiedlnanignia C8 Ininn1sanvuinve C C2 waz C6
= Ve Co 1=y v o e ) o <
wislignannislvasananiavianeslanundmvun 9nemsnezmulainmg daeisy
Y @ ' <ol o Y v & | w 1
AuAnasguinlurainsivaluvesglunasineauiulanusluvedadiiviu 3 m/s




< : o =l
N15799 4.2 1T NLEAIAINITAINLAERT Loop 0 2

32

o uvia | tuavie | A Q hy P Vv aitunis

(inch) (mm) | &1 (m) | (m*%hr) | (m) | Pa) | (m/s) | @dwna(s)
A 14”7 40 96.55 3.24 5.64 | 5523 1.21 64.77
Al 1147 40 5.50 0.36 0.007 | 0.067 0.15 52.32
A2 114" 40 5.50 0.36 0.007 | 0.067 0.15 10.85
A3 114" 40 2.94 2.52 0.1 0.98 0.91 45.45
Ad 1147 a0 _ 18.00 0.36 0.022 1 0.216 0.15 65.20
A5 114" a0 8.00 2.16 0.2 1.92 0.76 70.27
A6 114" 40 5.50 0.36 0.007 | 0.067 0.15 44.60
A7 1%4” 40 5.50 0.36 0.007 | 0.067 0.15 10.50
A8 iy =2 5.50 1.44 0.16 1.52 0.71 56.02
A9 1% 32 18.00 0.36 0.066 | 0.647 0.24 47.02
A10 1w 32 18.00 0.36 0.066 | 0.647 0.24 47.02
All %’ 25 - 5.50 0.36 0.082 | 0.804 0.42 55.01
Al2 3 Z5 5.50 0.36 0.082 | 0.804 0.42 10.20

a ¢ i o =i a o v o '
nANsiaTikaiiuinmsgadeoss) inigadatuluvieniivuinenigaiesn

9 1 cil a (¥ 1 o 1
"U'lﬂ'USJ"l)‘HEfWVT@ A L‘#‘J'S'WLL‘NL?TUGWI'HJWLﬂﬂ'UUI‘iJWE)'-i]%LL‘lJ?I‘»J'lJ.G}'IiJﬂ'J"JJJU’l'J“U@'J»’WIE] uaz‘lum‘s

y oy d w o o = o ' 4 9 v
sanuuUlaesunsy looph vietiaglnangnde A10 Jaitnisanuuinvie A8 elensinis

et L=y 1 d s W = < o
InasannniaUinnailanuidimia mnmsssniulddiann daisuiuamesgu

) v ' ¥ ¢l v U 3 il v A
m‘lﬂ‘ﬂa@ﬂ'rﬁLwaluwaaqhu,ﬂmfnwaamuLﬂﬂ'nm%'ﬂuwamaﬂlmﬂu 3 m/s
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< ' o -
M15199 4.3 MITRLEAMIAINTAIUINLAEAST Loop %1 3

o wwevia | vuevie | A Q h P V| wailunns

(inch) (mm) | amm) | (m*hr) | (m) | &Pa) | (m/s) | Ao (s)
114" 40 124.80 3.24 7.29 | 71.40 1.21 65.55
B %" 32 3.64 0.72 0.2 1.91 0.84 61.25
B1 %" 25 5.50 0.36 0.082 | 0.804 0.42 10.53
B2 " 25 5.50 0.36 0.082 | 0.804 0.42 44.88
- 194”7 40 4.00 252 0.14 1.34 091 64.30
C1 114" 40 3.50 . 0.36 0.004 | 0.039 0.15 31.58
c2 114”7 40 7.50 0.36 0.009 | 0.088 0.15 49,54
3 1” 32 11.00 1.80 0.53 517 0.95 46.10
Cca 1 ’_’ ‘ S0 - 6.50 0.36 0.078 | 0.765 0.24 47.84
C5 1” 32 7.50 0.36 0.027 | 0.265 0.24 as8.74
Cé6 %" 25 11.00 0.72 0.6 5.84 0.85 5212
c7 3% 25 550 0.36 0.082 | 0.804 0.42 42.58
C8 %" 25 5.50 0.36 0.08 0.3 0.42 57.08

nmsnsriauituin msgande(oss) Munflgainduluriedidvuinenidacesn
wintliugavie A wszusaidsanuiiantuluiesssiunuaimenveae wagluns
senuuvlaazuasy loopit 3 vieleglnatigafia C8 Fwvinisantunavie C3 uay C6 itals
Savnsluasensnhadiuneslanuiiimun vinmsnaiuldaug dadeutud
wwsgninllvesnsinaluviosglunasisansulfnmisaluedoshiviu 3 m/s



4.1.2 HANN1TVABBYIATIEETUTINTY Comsol Multiphysics™

= a v 2 % )
A15197 4.4 mannsnaaesinTgsieislusunsy Comsol Multiphysics™ Loop 11 1

Mesh Number of | Solution
mTene = V(m/s) | consists | degrees of time
: (m*/hr.)
(elements) | freedom (s)

A->B 12.90 4.535 7168 66172 18.289
A>C 1"{.?0 6.215 TIES 66172 18.289
B—>B3 5.18 2.832 5160 50560 555.987
B=>1 2.84 0.999 5160 50560 555.987
B—>4 4.79 1.690 5160 50560 555.987
B3—>B6 1.80 1.{32 5170 50071 151.734
B3=>2 1.22 0.676 5170 50071 151.734
B32>5 2.09 1.145 5170 50071 151.734
B6>3 0.90 0.858 3504 36397 417.459
B6—>6 0.86 0.857 3504 36397 417.459
( 94/, 9.36 5.145 5000 48423 137.949
&>7 8.28 2.916 5000 48423 137.949
C2=>C4 8.57 4.703 5827 55255 162.152
C2->8 0.79 0.437 5827 55255 162.152
C4->C6 3.74 3.623 3673 36598 186.541
Ca->9 4.50 2.459 3673 36598 186.541
C6—~>11 3.57 3.198 4123 41136 179.717
C6—210 0.40 0.393 4123 41136 179.717

34

msuuieTuTunsa Comsol Multiphysics™ tuazdunndeds amudaftun
flgnazeydas A W C Faduviomamssilioninviefiosnunannd wazdas Alus cluce caly
Ca Caluce way Colu11 mmnrsiudnnasgiuil 3 m/s dwsnsnislnailiazgands
audnuzvasaUInesemviliauTuneiiiansidens envevuiuuimonisldgunsaliiie
AIUANAIIILSILAESnsIN15Iva
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- a 2 " s o
115199 4.5 wann1svnnaesiinseisielsunsy Comsol Multiphysics™ Loop # 2

Mesh Number of | Solution
ndasie | Q(m%hr) | V(m/s) | consists | degreesof | time
(elements) | freedom (s)
ADA3 45.30 14.266 8451 79644 23.968
A>13 80.90 3.081 8451 79644 23.968
A>12 12.10 a4.247 8451 79644 23.968
A32>A5 37.90 13.341 6449 59539 172.653
A3—>14 2.75 0.967 6449 59539 172.653
A52>A8 14.60 8.028 5879 56076 177.774
A5>16 15.50 5.467 5879 56076 177.774
A5>15 {173 2.120 5879 56076 177.774
A82>A10 8.19 8.02 3897 39308 112.742
A8 17 6.20 6.073 3897 39308 112,742
A10—>19 4.19 4.105 4353 43141 119.436
A10->18 4.01 3.925 4353 43141 119.436

nsAIuInIETUsAsL Comsol Multiphysics™ tiuagAuindade aruiadtun
asagdan AlUA3 Wuvienssdailanniigann uazdas Alu12 A3lUAS ASLUAS AslU16 A8
1UA10 A8lUL7 AL0W19 uay A10lW18 Amnaasiiuaianssuil 3 m/s daudnsnisiva
ﬁléfﬂsqandwgma‘hwmwmaﬂ%qLﬂaéawﬁﬂﬁaﬁqmaiﬁmm‘nﬁﬂmsj 91993UuUNA8 NS
Tdaunsaliitamunumnaninassnsinasiva
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4 - . - d
M15797 4.6 HanMINeassiATIEnIelusLnsy Comsol Multiphysics™ Loop 1 3

Mesh Number of | Solution
atere | Q(m¥hr) |V (m/s) consists | degrees of | time
(elements) | freedom (s)
A—>B 8.06 7.808 5658 53708 27.636
A=>C 26.00 9.159 5658 53708 27.636
B>21 3.96 3.853 4519 44294 246.58
B-=2>20 4.00 3.881 4519 44294 246.58
C>C3 10.60 5.806 4545 46612 158.436
C>23 9.65 3,391 4545 46612 158.436
C>22 572 215 4545 46612 158.436
C__3"2_E6 /. 378 3.658 6287 59926 252.412
C3->25 4.36 2.340 6287 59926 252.412
3224 2.38 ~1.308 6287 59926 252.412
C6=>27 335 3.279 7023 67172 232.247
C6—>26 O.é_f_)ﬁ_ - 9.551 7023 67}_7_2 232.247

o [ . ; 4] ° 3 o
n1sAaunslUswnTa Comsol Multiphysics™  HulsAIMdasia AMLEINNIN

azagd AlUC wazda AluB Blu21 Blu20 clucs cluz3 c3luce waz cslu2r mnndias

u
L= ]

o i ) W fy w ' @ a Ps o o =
ViuANAIIINN 3 m/s daudnsnisivanliszgeanitnudnumzuesaUianaienaiiliauss
wnasiianisidenis envziunimenistdeunsaliiemuauanuiiiuasdnsimsiva
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4.1.2 g1519udnssan1siUTauLisu

< <t = 1w i o o a ¢ w
19190 4.7 m'ﬁ'NL\}SEJ“UW}UUﬁ"Iam'i'lﬂ'ﬁiﬁa'ﬁgﬁ'}qﬁﬂ'\'ﬁﬂ']u'}miﬂﬁmiﬂﬂllﬂ']i'llﬁ373“9]']5]
I o
lJsunsu Comsol Multiphysics™ loop 7 1

. i sasmsluaitldainnis .
o gnsnisivandvue | v wWesigunu
yausanas s Iaszinlglusunsy .
(m°/hr.) 5 wnn®49 (%)
(m>/hr.)
1 0.36 2.84 6.88
2 0.26 1.22 2.38
3 0.36 0.90 1.50
4 0.36 4.79 12.31
5 0.36 2.09 a4.81
6 0.36 0.86 1.38
Y/ 0.36 8.28 22.00
8 0.36 0.79 1.19
9 0.36 4.50 11.5
10 0.36 3.31 8.19
11 0.36 0.40 0.11

1 o/ ¥ | o o g E‘
Mndayalumsunudy mnadlgudasmslwanimuaiudasinisiwailaainams
a o & p " W o ' o <
Tasrznaelusinsy Comsol Multiphysics™ msimﬂaﬂ%umnmﬂmnmz;m‘w 0.11 %
< 1 i 1l
wasgagny 22 % lasilanadeoghn 6.57 %
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af el o aa o
B sa57nsluaniivualagisauin
g | AI8aUN5 Hazen-Wiliams

M $nsnslvailaainnisinsevians
Tsunsy

lwa(m?/s)

BATING

at

1 2 3 4 5 6 7 8 9 10 11
amugusunas

= _y 1= ot -
JUn 4.15 waugiivansnmaiTauiiisugnsinisiva loopi 1

vnurugingaanisiauitaudnsinislva loopit 1 ssdiulddrdnsnisivailld
3 238 fianuuansnaiu G938nsnaoaums Hazen-Witiams Iévianrsdsaanigm
Jriau3anaslnasenwirfunniiail 0.36 m¥hr. win1sdinsazidaelusunsy Comsol
Muttiphysics™ lunisluasenagadaszamnniignodiiiail 7 Saiidnsnisiva 8.28
m?/hr. uaziiefiuuaninaiusnniian 22 %
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A = 1 1 k] alt =y |
N15°197 4.8 msTauiguAInIISITEnIMsAnalnen s uNSIAs I EiEe
g . o
TUsunsa Comsol Multiphysics™ loop 1 1

2 o v & %)
AMULEMlAgn AsaTldInANS ot
. ; - o Wastguaiy
wausanes d1n13 Hazen- ATz lUsunsy .
= LANN4 (%)
Wiliams (m/s) (m/s)
1 0.15 0.999 5.66
2 0.23 0.676 1.94
3 0.42 0.858 1.04
a 0.15 1.690 10.27
5 £.25 1.145 3.97
6 0.42 0.857 1.04
7 215 2916 18.44
8 0.23 0.437 0.90
9 0.42 2.459 4.85
10 0.42 0.393 0.06
11 0.23 3.198 12.90

2 ‘ ' 2 el v o o —
ndeyalunisavud 1nanusfildannsduaudisdunis Hazen-Wiliams
1Y) 2w v a & . g ; 1
Wisunua s mlennisitasesilusunsy Comsol Multiphysics™ azldtasifuninu
) - - ' < < !
weneeineai 0.06 % Wavgegai 18.44 % Tnalialiaauatii 5.55 %
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3.5 N 3 i
© arsanldanaunis
s Hazen-Wiliams
W arwusaiildannnig
2.5 1 Jinsnznenslusunsy
n
£ 27
L —
=
e
§ 1.5
G
1 :
0.5 - p.
0 /e 8 B8 . e
1 2 3 4 5 6 7 8 9 10 1
anuiiaUswnas

:i o :l
U7 4.16 waugiiudmsniadiguitounnngs loopd 1

a =i = o | o v 2 oy vea
nuAuieaninsiuTauiisuamtil loopit 1 aztiulditaanianildiam
' ) § o ° £y > Ay v v 1 ]
waneneny asnsAImaanns Hazen-Wiliams arnndanldassildnisaniudnis
o £ 2/ i - = | i Y a 1 a
WATehaaelusunsy Comsol Multiphysics™  azfidngnndnwszldinnisassuinvioasyi
“w 1 ﬂ. dv 1 !J A Id at A C} <4
Warnndadidniindu dAmunigaegiiii 11 Gilaauda 3.198 (m/s) uaziiivesidu
1 et CJ
unnARfuIINTgn 22 %



4 1 L 1 a L7 =Y £
N5 4.9 MrGeuiBuaansINs Inaseriensaalaensaiun i sLiens
i . o
Tusunsu Comsol Multiphysics™ loop 1 2

sasnsluaiilannns

#owe " g gnsmslvadidmun | . Wasiduai
Wad3anes s WnTunnslusunsy ;
(m?/hr.) i UANNIY (%)
(m’/hr.)

12 0.36 12.10 32.61

13 0.36 80.90 223.72

14 0.36 2.75 6.64

15 0.36 3 20.47

16 0.36 15.50 42.06

17 0.36 6.20 16.22

18 0.36 4.01 10.14

19 0.36 4.19 10.64

24 f 1 af Y :J o of  at Y
anteyaluasinudn winfisudasinsluaidvueiusasnisivaitldannnis

= 'S 3 \ s W o 1 s o
WAswaelusunsy Comsol Multiphysics™ axldiuasiduninuandnignil 6.64 %

= t 4 ) o |
wazgadan 223.72 % lailAnadeadn 45.31 %
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- ai A o =3 o
90  dasinsivansmualaedsanna

50 f8dUN1S Hazen-Wiliams
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W Sasnslwaildainmsinsieaae

Tusunsal

8

nalm?/s)
4

©
< 40
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e
S 30 -
20 - |
:f‘::';
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Y W\ -!ﬁé7
0 ; e S
12 13 14 15 16 17 18 19
AURIEUS e

3Uil 447 wigfiansmawTsudtsudasnisiva loopil 2

nunugiindnnisiuseuiitsudasnisiva loopit 2 aziuldisnsinisinaiile
20 2 3 ilaruuandeiy GBnisdunnshaums Hazen-Witiams Idvinnnsdedangigiu
FkauSunesivasenuiriuyniai 036 m¥hr. udn1slinsawidaslusunsa Comsol
Multiphysics™ (unisluasanediiaszariunilgaegdiniai 13 dildnsnisina 80.90
m¥hr. waziedidunansitaiusnnitan 223.72 % (ilesan loopil 2 idgwieitldeia
yinAruuaiinisnsavasunisesniu)
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= <{ o 3 @ J o (7] = £V
13799 4.10 0’!'\'5'1\1L‘UiU‘UL‘VIEl'Uﬂ']ﬁ’J']&JLi'ﬁzﬁ'!'ldﬂ'ﬁﬂ’m’lmiﬂﬂmi\iﬂUﬂ'l'i'JLﬂi']S'lﬁﬂ’JEJ

Tusunsu Comsol Multiphysics™ [oop‘ﬁ‘ 2

AuEalaan AEilEaNTs o
i z - e Weaslduaii
wdusaunas dun1s Hazen- Anszvinnelusingy )
N LANA4 (%)
Wiliams (m/s) (m/s)
12 0.15 q4.247 27.31
13 0.15 3.081 19.54
14 0.15 0.967 5.45
15 0.15 2.720 17.13
16 0.42 5.467 12.02
1 0.42 6.073 13.46
18 0.15 3,925 2517
19 0.24 4.105 16.10

% 1 M v ° 1 e
fﬂ’lﬂ'ﬂai&ﬂluﬂ'ﬁ'ﬂ‘ﬁ‘u’m ﬁnﬂﬂ'ma“a%'lqﬂLﬂﬂqﬂﬂ'l'iﬂ']ﬂ']mﬂjﬂﬁyﬂqi Hazen-Wiliams

) v a N | X A u
Wisuduausmlannnsiasgilusunsy Comsol Multiphysics™ 9z lsafiduain

] o = A a1 = el
WANAWENN 5.45 % uavgsdai 27.31 % lnolAaauadn 17.02 %
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7 4 0 arudildanaunis
Hazen-Wiliams
6 w
B anucaiildannms
5 | Aesevaslusungy
%
£ 41
c'
vy
g3 -
o
G
2 o
1 B
| P -
0 . = — | A
12 13 14 i5 16 ¥ 18 19
AeunaaUsanesd

d i = 4
Jun 4.18 Lmuquu,ammitﬂ%ﬂmﬁsmm"lm%q loop#t 2

o o = o = < v & o vea
nLpinansnsisuiiauaIngl looph 2 aznuladnamniialaiaiiy
1 ot i a o 27 ) af E2 1 1
UNAANAY §A38n1TAIAAIBEUNTT Hazen-Wiliams anuidfildasiiadasndiudnis
Aarenalelusunsy Comsol Multiphysics™ asiimunninnszldvinnsanuuiavieayin
EY - i o o 1 w e o o ] - §
WiarSailanitadu drnmnigaednvai 17 §eilnninds 6.073 (m/s) wasiivesidu
o o 2 o 1 dy va a a
LLNﬂFiNﬂ‘ull’mVlEjﬂ 27.31 % (1833710 loop# 2 (ﬁﬂmﬂ‘ﬂ’lﬂ'mltﬂ%]dwﬂ’-ﬂ’lﬂﬂ']’ll]l.ﬂﬁ%i@ﬂ‘l‘i
NTINABUNITODNLUY)
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d = 1 o/t 1 o a’ o £
N1579% 4.11 MadSeuiisuadnsnisivasswinnisanalagnseiunisiasizaie
o 4
Tusunsu Comsol Multiphysics™ loop 7 3

Sasnslvaildannnis

o Snsmslvaiidvun | . Wesidurny
wialianes X Aasvinglusunsy ;
(m7/hr.) 5 UnNN4 (%)
(m>/hr.)

20 0.326 4.00 10.11

21 0.36 3.96 10.00

22 0.36 572 14.89

23 0.36 9.65 25.81

24 0.36 2.38 561

25 0.36 4.36 11.11

26 0.36 0.36 0

27 0.36 3%5 8.31

[ £ 1 = w ! e s V <y ow
Nndayalunissmudd vindsudasinisluanniimuadusnsinisivafiléainnnis

= v . . o £ o ) 5 o
Iaseraaglusiunsy Comsol Multiphysics™ wliadiduannuuanganngnii 0 % uas
o =l o 1
gegan 25.81 % Tmmmmaaagw 10.73 %
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@) E‘ i3 =X o
1Q: - B gnsimslvandmualagdsmuon
- A8a1NT Hazen-Wiliams
g M dnsanmslvaildainmsinseians
Tusunsu
= 7]
n\
E 61
[~}
p .
gﬁ 4
@ 3
2 a
x .
o LM L e am L4 Q\,-_
20 21 22 373 24 25 26 27
anuilEUITuney

e] o e/ 4
3UM 4.19 wiugiiwansnisiTeuidigusnsinisiva loopl 3

a < ) Y < 2 Wyl o c.llu
nusupiitansmaUisuitsudnnislua loopit 3 szuiuld@indasimslvadla
acl o p B ad o v ; W o & a
10 2 3 fauuandaity d38msdnnndhauns Hazen-Witiams Idvhmsdadafigs
1 ot =3 1 er L A i o
Ihadanesinasanvindunniii 0.36 m?/hr. winisiasizimelusungy Comsol
i § I a 1o ] < - = Y}
Multiphysics™ (unislvasenadieddszamnniignadiiam 23 dailsnsnislua 9.65
< a o
m?/hr. wazileiiduunnatadinniign 25.81%
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d = 1 a 1 o ar =Y 'S
19790 4,12 fm'mLﬂ"’iﬂ‘uwla‘ummmmi:ﬂmwm'smmmimamqrmm'i:ltmwwma

Tusunsu Comsol Multiphysics™ loopﬁ 3

2 ey v 2 v
AMULSINlaan ASINLAINNTT o
. p - o IWasdlguniny
waaUsanas dun13 Hazen- Arsevinaelusunsy .
] wanng (%)
Wiliams (m/s) (m/s)
20 0.42 3.881 8.24
21 0.42 3.853 8.17
22 0.15 2.015 12.43
23 0.15 3.391 21.61
24 0.24 1.308 4.45
25 0.24 2.340 8.75
26 0.42 0.351 0.16
27 0.42 3.279 6.81

2/ 1 2 Ayow o L .
mndagalunisisiud 3narudanldannisdurudieaunis Hazen-Wiliams

a o oy v & ¢ . f v <

WiguAuauinlaainn1siagizslusunsy Comsol Multiphysics™ 9gldieiiduainu
' H = o o 1

uansinengai 0.16 % uasgagn 21.61 % lneildnadoadn 8.83 %
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4 = anankdildenauns
Hazen-Wiliams

B ansadildninnng
ATz lusunsy

AUISA(mM/s)
)
N (%]

=
tn

1 =
0.5 - =
. Ao
20 21 22 23 24 25 26 27
araunaalsanad

< = <
JUN 4.20 urunilianin1siliauiisuainnga looph 3

Pnuuuiinaninaiuisuitsuainga looph 3 azutulddnananiailaiiaau
wanENAY F93En1dnnadagaunis Hazen-Wiliams Aadaiildasiiariosniugnns
Aasrgdaglusunsy Comsol Multiphysics™ seiianannadinsigldvinnisanvuavieasyia
Winrandailddiniy Arilunilgnegitvail 21 deilaannss 3.853 (m/s) uasiitledidu
umﬂﬁhqﬁ’umﬂﬁqﬂ 21.61%
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4.2 a1 lglun1smaaInauun

4.2.1 warilflunaasdnisdnnlaonse

vaiililun1sAnnn loop 1 = 21.06 il

naitilunsAam loop 2 = 9.67 w1

varildlunsannn loop 3 = 10.37 w1l

vataesuildlunsdnnammmn = 41.08 w1

Tnelddoyasnuuy drawing Msudilaezunsumudaitelfihetenisimuaud
FahanGudnnamneinisua Hazen-Williams tagvinisdua

4.2.2 narildlunmaaasinsisidaulusunss Comsol Multiphysics™
narldlumadousuudiant loop 1 = 126,32 il
varliflunsifouuusiass loop 2 = 59.19 w1l
naiildlunmsideunuusiass loop 3 = 63.47 wnil

natunsAnnuKawas loop 1 = 72.12 Ui

vatlumsAuNaas loop 2 = 23.58 unii

vatlunsAnuaLag loop 3 = 37.42 Ul
nanlagsuiililunisduamamagisim = 382,11 Uil
Tnodunnsdausuuditassimiaud3aiundivimsiene e Tusunsy
Comsol Multiphysics™ wéaufuimsiunaiduddudouusiass

4.3 NATITVNANITNAADY
4.3.1 JATITUHANINAaY

lun1sdssuiisunasesnI19nI5AUININERTIAUATSITIUSLASY Comsol
Multiphysics™ Taamsannalenseagldaunisves Hazen-Williams

1.852
fd1n13983 Hazen-Williams h, =L . Q
© 7| 0.85AC,R"®
v=0.85C,R*“s"*

1 1oy e . . a
drunrilavsinnislalusunsy Comsol Multiphysics™ Ftas1e4 Tnalusunsy
Comsol Multiphysics™ azldfaunisves uniss-aland lunsaunasaaae
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Tuandilusun x: p o +v o w0 = Z LV (uvu)+ pg,
ox oy 0Oz ox
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4

o 0 0 0 oP
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ox oy o= 0z

&= -

Wesnnanavenuusassilodiouiusuavesusvinliusiisuueernndadusa
wliliamsodinreiuuusasniamals Seldulavuiiastesniduuiagdruitotun
Aasren lnelusunsuagianisinsigviseszdevisnialludiedmud wdaswgly
wuaesiielildnanasifonis
TnenisAualnenss azag}mﬂﬁﬁmﬁm

1. Shmslvaiilvassnudaginayiane faswifummannin

2. gum5uee Hazen-Williarns tuazannsaldlaudiuraanaimduiviniu

3. #1UN15U83 Hazen-Williams 1?%41‘3’&'114%mi"l,wamaﬁfﬂﬁqﬂmqﬁtlnﬁ (70°F 30
20°C) Wiy

f9san loop i 1 aavdanediil 11 Fullusiaauianesileginailgn Tnuns
Amualiauianesiidasinisinamiafiu 036 m*/r @aldauniives Hazen-Williams
Araalad v=0.42 m/s uagmsinsigiaaelusunsy Comsol Multiphysics™ Aiild e
Q=04 m’/hr UazA1 v=3.198 m/s Blaiisuiuidiavifiuiigninisivasagaiaunéiildan
msiasziaaluingi Comsol Multiphysics™ agiiaanndnariiléannisiunalngnse
agun fiasidunnuuandiswesdnsinisvauasniniife 6.57 uag 5.42 amdnu 39
nsAwalasassazldnailunisAnnanindu 21.06 wiit d1unisléluswnsy Comsol
Multiphysics™ Tumsiassildiaanviniu 198.48 wiit lessindesinsdeuwuuiiaes
Tunisdiiasst 3ededdnaniisnniy

“- o w a ¢ o o - ) a cef 0 a

#91301 loop 7 2 waadTunedviai 17 Faluausaneinedlnaian Taonas
o LY a ol o 1 e d' L e
mMuualwidusaunasisnsinisluawindu 0.36 m*/hr Walddaunisves Hazen-Williams
o 1 a o . 5 oy voa
Aalaat v=0.42 m/suagnmsitasiziaelisunsy Comsol Multiphysics™ Aadild fe

' o o v V as oy v

Q=620 m*/hr  UazA1 v=6.073 nv/s lagunuuaiaziiuiidnsinisinatazainusaila

- ¢ v - i P o] Vo ey v o
NNI5IATIBIalULN Ty Comsol Multiphysics™ agilatuinninariildsinnissiuaa
lngassaguin fwesidunnuuandiavesdniinisivauasanaunfe 4531 waz 17.02
Aa19U Fanrsanunadaensaazldianlunisdiuianvadu 9.67 uait drunislalusunsy
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A9 N1 aNYMENINEN YD (Physical characteristics of water)

Temperature

© BN e e e N S o &

W W W W W W W W W WwNN NN B = Sy

Pressure

Pa
101325
101325
101325
101325
101325
101325
101325
101325
101325
101325
101325
101325
101325
101325
101325
101325
101325
101325
101325
101325
101325
101325
101325
101325
101325
101325
101325
101325
101325
101325
101325
101325
101325
101325
101325
101325
101325
101325
101325
101325

Saturation
vapor
pressure

Pa
611
657
705
757
813
872
935
1001
1072
1147
1227
1312
1402
1497
1697
1704
1817
1936
2063
2196
2337
2486
2642
2808
2982
3166
3360
3564
3779
4004
4242
4491
4754
5029
5318
5622
5940
6274
6624
6991

Density

kg/m3
999.82
999.89
999.94
999.98
1000
1000
999.99
999.96
999.91
999.85
999.77
999.68
999.58
999.46
999.33
999.19
999.03
998.86
998.68
998.49
998.29
998.08
997.86
997.62
997.38
997.13
996.86
996.59
996.31
986.02
995.71
995.41
995.09
994.76
994 .43
994.08
993.73
993.37
993
992.63

Specific enthalpy
of liquid water
kifkg kcallkg
0.06 0.01
4.28 1.02
8.49 2.03
12.7 3.03
16.9 4.04
21.11 5.04
25.31 6.04
29.51 7.05
33.7 8.05
37.9 9.05
42.09 10.05
46.28 11.05
50.47 12.06
54.66 13.06
58.85 14.06
63.04 15.06
67.22 16.06
71.41 17.06
75.59 18.05
79.77 19.05
83.95 20.05
88.14 21.05
92.32 22.05
96.5 23.05
100.68 24.05
104.86 25.04
109.04  26.04
113.22  27.04
117.39  28.04
121.57 29.04
125.75  30.04
12993  31.03
13411 32.03
13829  33.03
142.47  34.03
146.64  35.03
150.82  36.02
155 37.02
1569.18  38.02
163.36  39.02

Specific heat

ki’kg
4217
4.213
4.21
4.207
4.205
4.202
4.2
4.198
4.196
4.194
4.192
4191
4.189
4.188
4.187
4.186
4.185
4.184
4.183
4.182
4.182
4.181
4.181
4.18
4.18
4.18
4179
4179
4.179
4.179
4178
4178
4178
4178
4.178
4178
4178
4178
4178
4179

kecallkg
1.007
1.006
1.006
1.005
1.004
1.004
1.003
1.003
1.002
.002
.001
.001
.001
1
1
1
1
0.999
0.999
0.999
0.999
0.999
0.999
0.998
0.998
0.998
0.998
0.998
0.998
0.998
0.998
0.998
0.998
0.998
0.998
0.998
0.998
0.998
0.998
0.998

— meh ek

Volume
heat
capacity

kj/fm3
42161
4213.03
4210.12
4207.36
4204.74
4202.26
4199.89
4197.63
4195.47
4193.4
4191.42
4189.51
4187.67
4185.89
4184.16
4182.49
4180.86
4179.27
4177.72
4176.2
41747
4173.23
4171.78
4170.34
4168.92
4167.51
4166.11
4164.71
4163.31
4161.92
4160.53
415913
4157.73
4156.33
4154.92
4153.51
4152.08
4150.65
4149.2
4147.74
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Dynamic
viscosity
kg/m.s
0.001792
0.001731
0.001674
0.00162
0.001569
0.00152
0.001473
0.001429
0.001386
0.001346
0.001308
0.001271
0.001236
0.001202
0.00117
0.001139
0.001109
0.001081
0.001054
0.001028
0.001003
0.000979
0.000955
0.000933
0.000911
0.000891
0.000871
0.000852
0.000833
0.000815
0.000798
0.000781
0.000765
0.000749
0.000734
0.00072
0.000705
0.000692
0.000678
0.000666



Temperature

°C
40
41
42
43
a4
45
46
47
48
49
50
51
52
53
64
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
7
78
79
80
81

Pressure

Pa
101325
101325
101325
101325
101325
101325
101325
101325
101325
101325
101325
101325
101325
101325
101325
101325
101325
101325
101325
101325
101325
101325
101325
101325
101325
101325
101325
101325
101325
101325
101325
101325
101325
101325
101325
101325
101325
101325
101325
101325
101325
101325

Saturation
vapor
pressure

Pa
7375
777
8198
8639
9100
9582
10085
10612
11161
11735
12335
12960
13612
14292
15001
15740
16510
17312
18146
19015
19919
20859
21837
22854
23910
25008
26148
27332
28561
29837
31161
32533
33957
35433
36963
38548
40190
41890
43650
45473
47359
49310

Density

kg/m3
992.25
991.86
991.46
991.05
990.64
990.22
989.8

989.36
988.92
988.47
988.02
987.56
987.09
986.62
986.14
985.65
985.16
984 .66
984.16
983.64
983.13
982.6

982.07
981.54

981

980.45
979.9

979.34
978.78
978.21
977.63
977.05
976.47
975.88
975.28
974 .68
974.08
973.46
972.85
972.23
971.6

970.97

Specific enthalpy
of liquid water
ki’lkg keallkg

167.54  40.02
171.71 41.01
175.89 42.01
180.07 43.01
184.25 44.01
1688.43 45.01
192.61 46
196.79 47
200.97 48
205.15 49
209.33 50
213.51 51
217.69 52
221.88 52.99
226.06 53.99
230.24 54.99
234 .42 55.99
238.61 56.99
242.79 57.99
246.97 58.99
251.16 59.99
255.34 60.99
259.83 61.99
263.72 62.99
267.9 63.99
272.09 64.99
27628  65.99
280.46 66.99
284.85 67.99
288.84  68.99
293.03  69.99
297.22 70.99
301.41 71.99
305.6 72.99
309.79  73.99
313.99  74.99
318.18 76
322.37 77
326.57 78
330.76 79
334.96 80
339.16 81.01

Specific heat

kilkg  kcallkg
4179 0.998
4.179 0.998
4179 0.998
4179 0.998
4179 0.998
4.18 0.998
418 0.998
4.18 0.998
4.18 0.998
4.181 0.999
4.181 0.999
4.181 0.999
4.182 0.999
4.182 0.999
4.182 0.999
4.183 0.999
4.183 0.999
4.183 0.999
4.184 0.999
4.184 0.999
4.185 0.999
4.185 1
4.186 1
4.186 1
4.187 1
4.187 1
4,188 1
4.188 1
4.189 1
4.189 1.001
4.19 1.001
4.19 1.001
4.191 1.001
4.192 1.001
4.192 1.001
4,193 1.001
4.194 1.002
4.194 1.002
4.195 1.002
4.196 1.002
4.196 1.002
4197 1.002

Volume
heat

capacity
kifm3

4146.28
4144 .8

4143.3

4141.8

4140.28
4138.75
4137.2

4135.64
4134.06
413247
4130.87
4129.25
412761
4125.97
41243

4122.63
4120.94
4119.24
4117.52
4115.79
4114.05
41123

4110.53
4108.75
4106.97
4105.17
4103.36
4101.54
4099.71
4097.88
4096.03
4094.18
4092.31

4090.45
4088.57
4086.69
4084.8

4082.91
4081.01
4079.11
4077.2

4075.29
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Dynamic
viscosity
kg/m.s
0.000653
0.000641
0.000629
0.000618
0.000607
0.000596
0.000586
0.000576
0.000566
0.000556
0.000547
0.000538
0.000529
0.000521
0.000512
0.000504
0.000496
0.000489
0.000481
0.000474
0.000467
0.00046
0.000453
0.000447
0.00044
0.000434
0.000428
0.000422
0.000416
0.00041
0.000404
0.000399
0.000394
0.000388
0.000383
0.000378
0.000373
0.000369
0.000364
0.000359
0.000355
0.000351



Temperature

°C
82
83
84
86
86
87
88
89
20
91
92
93
94
95
96
97
98
99
100

Pressure

Pa
101325
101325
101325
101325
101325
101325
101325
101325
101325
101325
101325
101325
101325
101325
101325
101325
101325
101325
101325

Saturation
vapor
pressure

Pa
51328
53415
55572
57803
60107
62488
64947
67486
70108
72814
75607
78488
81460
84525
87685
90943
94301
97760

101325

Density

ka/m3
970.33
969.69
969.04
968.39
967.73
967.07
966.41
965.74
965.06
964.38
963.7
963.01
962.31
961.62
960.91
960.2
959.49
958.78
958.05

Specific enthalpy
of liquid water
kilkg keal’kg
343.35 82.01
347.55 83.01
351.75 84.01
355.95 85.02
360.15 86.02
364.35 87.02
368.56 88.03
372.76 89.03
376.96 90.04
381.17 91.04
385.38 92.05
389.58 93.05
393.79 94.06
398 95.06
402.21 96.07
406.42 97.07
410.64 98.08
414 .85 99.09
419,06 100.09

Specific heat
ki’kg kcal/kg
4.198 1.003
4.199 1.003

4.2 1.003

4.2 1.003
4.201 1.003
4.202 1.004
4.203 1.004
4.204 1.004
4.205 1.004
4.206 1.005
4,207 1.005
4.208 1.005
4.209 1.005
4.21 1.006
4.211 1.006
4212 1.006
4213 1.006
4.214 1.007
4.216 1.007

Volume
heat

capacity
kifm3

4073.38
4071.46
4069.54
4067.62
4065.7

4063.78
4061.85
4059.93

4058

4056.08
4054.15
4052.23
4050.31
4048.39
4046.47
4044.55
4042.64
4040.73
4038.82
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Dynamic
viscosity
kag/m.s
0.000346
0.000342
0.000338
0.000334
0.00033
0.000326
0.000322
0.000319
0.000315
0.000311
0.000308
0.000304
0.000301
0.000298
0.000295
0.000291
0.000288
0.000285
0.000282
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3.1 ¥1n15 Save File .STEP flusunsu@ounin 3 5 7 Tab Menu §1uuy Ban
File = Save As=> Save as type : STEP AP203(*.strp;*.stp)

3.2 ¥115 Import Luuinaes Comsol Muttiphysics™ i Tab Menu A1uuu Ldan
File = Import —> CAD Data From File
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3UN 4.2 A3 Import wuuItasevie 3 1

4.nsaedlumsiiaTeidaya

nsimun Subdomain Tagluit Tab Physics = Subdomain Settinegs...

4.1 \@an Subomain 1,2,3 Was 4

1 1l o . k!
4.2 ldamuwuiiugest(Oensity) 1000 kg/m
4.3 Tanmunilawa¥n(Dynamic viscosity) 8.9x10™ Paxs



[ Subdomain Settings - k-¢ Turbulence Model (chns) = ]
Equations
PluPiu = 2{pI+ M+l Vu + (Tu)N] + F
Yu=o0

puTk= 7{(n + ngjg )7k + nP{u) - pe
ou-Ve = {(n +nfo) el + C, en Fludfk- € eeifk
where Flu) = Pu:(Vu + (Vu)T), snd 0y = g€ Me

| sbdomans [Groups] [ Pwses | stebszstion [t | Bement | |

Subdomsin selection Fhid propestios and sources/sioks = ; =
Waymatenat: [ ]
QuantRy Value/BExpression Unit Description
B fI000 T T yoim? Densky
n .9e4 | Pas Dynamicviscosty
F’ fo = 77 . _-__ - - I wﬂ(’ Ubh.!‘ﬂefnt(e.x&.
By @ | Mim® volumsforce, y dr.
2 o o A ,_.___-.__ | Him® voluma force, 2.dr.
Gopi | ]
[ Sebect by v

| [¥] Active in this domsin

) e | )

. o ' .
35U 9.3 msimuaAT Boundary setting

n1sivunAl Boundary setting Taglufl Tab Physics = Boundary Settings...
4.4 adniden Boundary 19 =2 Boundary type donidu Inlet

4.5 aanidan Boundary 1,20 = Boundary type t3antihi Outlet waziden

Pressure, no viscous stress

4.6 AanLaan Boundary 2,3,5,6,7,8,9,11,12,14,16,17 Uag 18 - Boundary type
Ganudu wall

ch»unda(y Settings - k-£ Turbulenge Model (chns) @.‘
Equation
(n+n)vu+(vu) In=0,p=p,
k=300 J0072, €= € 0TREW, 4 0%2) 0
Boundaries [_g_.;,sf Cosffients [ g l >
Boundary conditions
= Boundary type: 1,-‘,{ - .,)_
Boundary condtion: .p,es;u-e_ na viscous me;f ,,?
Quantity Value/Expression Unit Description
i Pa 1371456 S — | Pa  pressure
1
F
|
i @ Ugs L | mIs  Reference velocky scale
j L ‘0.01 | m Turbudent langth scale
! = o0s | Turbudence intensity
Ky 0.005 ) | m?1s? Turbubenk kinetic enargy
] Interior boundaries £, 0,005 = | m?1s® Turbubent dissipation rate i
[Lox J[ comxa J[ awety |[ new ]|

= o ] ¥
3U# 9.4 manmurAl subdomain



77

5.n15uUe AU

—_ -
5.1 Free Mesh a@n# Free mesh Parameters walden Predefined mesh sizes
pantdan Normal 99n1iuazyvinnisuusadeium
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6.M15AUNALR A

6.1 Adnil Solve menu den Solve = Solve Problem anfulusunsuagyiingg
ATUIMEaNYT

6.2 pdnidanii Post processing —> Plot Parameters=> Slice naiives Slice Plot
willumsuanauaudvesmslivanisluviavsanuudiaes Auau Predefined quantities idan
1l Velocity field w38 Pressure iitefiazlilusunsutansdwes arudunianinudaiis
auly

6.3 Adnidani Post processing > Plot Parameters = Streamline na#9 a4
Streamline Plot szillumsuanaduniamisivavesveswafiududmeluwuusass
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Mmber of drgvres of focdfon atlved Lar: 8172
S2lond= tisd: 30,839
R, 257, 77.30%) T ans ﬁﬁa g ——

o = < . .
3UN 9.6 savnmsitnsisivadlysunsy Comsol Multiphysics™
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