A sl IPAY 50l ¥ o)lods FO wlo oy ) buxo 9 oyl joe (oo 9 5

L Gyge 0L 6555 SHgw! (ylme 30 (S 33 5 pw dwadd Ol 5T L )
‘s}lé Elno.. ‘ . ” )o‘ °°|’:.. ‘

Y . \ .
Sizme Lopude g (6 gm0 o

S5 LS eyl as smsiigee 00SAlS (o] =l pos sesiige 0| ulis 5

S5 oSS ¢yl ok smsigs 0aSlS ] =y esikiges 09,5 ol |

oduS>

g bablos S glagyym el b anglio po T b 5o 6551 SVl (951 alamdlo B (SIS 5255 0,8Les 0 55k slaaasiis
ol 4 by je Slidiog 351 jmma o] jladie ol LJL?:’ 5 &5 Sl eyl b b1 5o 5580 ol cuS Cqz (absS (S ool &
5 55 ol @) Loaly S s 5 (N) Lol 5l ) S oo 52 (st il i ) e anllie ol 5o ol 0931 a5
ssbite 4 el 0ay0 ) colitl (ol 2 Glawe Jelod 50 (598 138l 5 G lsie 4 FIOW-3D 13810 55 Jota 51 55 IS el )l g Jobo o 28,5
Sy5 K] ol JUS 52 55 SISL 52, sSa5s8 e 5y 308 55 SDlgind iy nas 55 abgae (530 Jin 3 Ska rimions
Sl oS s gn 5 Joolo gl el 0a o)) ol b by el iyl 35l i eoliial L 5 35 15 il
Ol &5 s (5500 Jolge aboxr Sl 5 baoaly (55, sSe d  OIS Slaw el oo Jolo (S (65 SVl Dl s e
by slaly F Jaa o o5 (spsb & 05d 00 s (5551 SVeial caly y (55, 5S35 OISy Sl 2l L a8 e 55l (550 SDlesa
e 5 4 I s aniS VB o5l 4 65, SVaral Gliee SRS El iagl y aSe e oA 4y [ ¥ 5 8 Sl caz s § ol (o
P R PONR PRV YL SR SPVIPSTC U FEW N[ PURSORES SUVC RV DI POV PO, o LN O AR
638 gl g jloslinal b (G 52 59, 6351 Sl yelil (ol i oe Jlaws addllas )3 05 Slewlns 0938l 55, Coenl 4
L 3L glicinl pin 5l Jols ulis a5 00,5 oo odalice .ol 0als 392 g0 Loyl i bl (658 gl gicews Jow S ags &y pladl 5 ails
s p3tie SIS 1 Vs ol s o) ] orlin 3l gl 2IKtsle3T slaosls 5 g0 (55l b Lags ond st i olie
3, Gl sl 5o (65531 SDlgtl ey anlns ;o (6518 Zluol

FIow-3D l38ls 5 « pguai (5310 5 i ¢ 50 3 Joo «631 Zliii! gl «55 51 SDlgiasl ¢ SIS 55 o 1 g0dS” 519

Job s il Gl )T amdsm (5l Bos b 095 oo sl
ol 5l b Gmals o] (il sla s glis )| g el )T g
Eoge ool 4 azg Lol Jos 4 (g0l o924 ye
argi 9,50 Wiy 5l e onl 53y » Sk Slallas plxl
Il el ass 5 13 aliseo i

E5 aw (S g ) 2 Ol e il 0
el iy pa5 BB plete 0L 2 3,

S a ol el odn, o iy se (A
55550 50 2l Oz 5 00 e (8 slayliul Sl (slasgons
Ll (Sdgymen Gop hls wlgioe Jlge lagih L
2 By bz el ol (OB B8 Jsb 4 a) (el
Sl a8loo GBI S5 slaaly elis)) 5 o5 oo
) S B 5l 5 OF b > o ules ST (655
Jol> s 52 (59, (A8 L g JolS (Sdgyen by JSa5 g 4

VFOIYE Lopdy AYNVYY il

oo -

CEle yol jo 00l slacdig g SU LS
e 3L 5 (b Gl anng pgil (5 slaas
2 sh (b S a4 b ey, g lbogd 008
Oezed g ojlw 093> 4 lodes dsdo AigS md o Slas
D ks o)1y o Glbl Ly

gy cole o S0 S awaie 5l eslaul sBays
555 5 b oS e oo ik i slagle;
Sl lpee oSl abisde b6 5T ol Llse
Ol ekl o war lasieless call (b 5
el oud 3b gy Sl b gy cnl SloFen 5 Sl
ol Wojgyn Sl gokj slass o SISy lag)yw gy )18
Lol g oad sbml b 65y Szl olsee ol

J’:«M LRCOWIPSE S



BPURRCTCR I R P

A 2le IFAF ol oF o)lod FO wlo (o) o g oyl jos (w0 4 05 [ VP

Sy S s 9y 2ol Ol luls o5 ol O 5
Goe Jold sz ol I S oo 425 | (ilisee pldte
Sleogas 4 azg b 5 STy 5 Ip cble e o O
NS0 B sy 28 Ao Sjgo ) 95 A )
Jeil gl slows, oeess gl Sooly ol Rl
Llyd (Jdo (rents 09 saleS mpn Sl ik (20 L e
Slallhae 5l glatws plosl gadge b, Gilise slagss, sl
ol 039 2Binlesl g Sladms
Sy o bz gyl pael v9zs 4 ) ige slo)lns
Olen 9 (ol glis)) g 1 aly Job) Laaly awoin ol SIS
oo @ 5y 895 5l Some 20
[F] wlosls @yl 551, (6,508 (sla, Lo ciliseo piione
olal BT .08 5 oo bayT s (6 paites oLl 2 ol )5 &S
by Gl Gee @ atls b2 ) 5 45 wa0e Lis
& wibes (B /1) by m s Slaiee o (B, Th) ead
@l g hs g a ey s Jbz Sl Geshe o 5
5% eeld (pl (oled baidlge b 550 5 e oS 5
lodalin &j50 4 0L 2> w5 £95 2l LAt ol
oo Al il oo 5,2 Ol oo @b 1 g 358 0 ploc]
Lawgi oalds gzl pinl mlis oSSy (69905 U ilgs
[o] sl am g 1) Galises i

\ EY S
oy ol mi -
Chanson [#]:

—~1.276
Ve h
(‘J < 0.0916 (—) ;0.2
h 1

IN
N‘w

IN
(=}
(=)}

M

Yasuda et al. [V]:

3
h
| 2e =057 — +1.3;0.1
A l

IN
N|;~

M

h h
=0.89 - 04| — [;0.05 < —<17

Chanson [b]: (yc
h
1 1

(D)

1- Nappe Flow Regime

D9 s

6 balie @I gy p2ale gl w3, po (@
Sy 5 el po S oo Jes Blz iy 50 s &S
SasSs a ly Jse slaplSlh ol alinl a8 Q3
S35 SNl plasl Ceond 005 oo JSAT il oo Jate
e 2y 2z ol obml S n ) g8 ol e
g g0 sl LIS

5 Om Oz Sendy S Sl OLr ) (&
s gl wendy Gl o ol pile g GAn) oL
I¥] 0t oo 30,50 595 2 (eatitn Do 5 JS0

i SIS Gl Sl Y gyl (V) JS e
Lol odaline LB (S slog)pe 595 2 0L~

b Ol w3

=35 0Lz w5

SEL 3w 695 2 Ol iy G IS glgil =Y Sl

SOL 2y s d dy Sk o) oIS S 5o

e (V) S5 50 Ngd oo om0 5 load ool aly L
eyl b IS cpl o .l oo oole isled (598 atwo
£l Gl fzee ) aly Jobo ) al ¢l asile alisee
b oo yload Jdoas a5 aly S e O=tanm/14 (M) aly

ol odalice BB 05 so oloul laaly oS o Jlocas

odid Oluogas & axgi b (S 3y glgl T S5



e dawiid O3 )

A by AYAF Sl o 0 ko FA Al cannn § Lo 9 (3l po st 4y pid [ TV

y S
[TCJ = 0.927 - 0.0050 — 0.388 | — A
|

4 ablee aly B ol Jlade O el (V1) 5 (1) Ll o

9 (230> 6 = tan % L1 o G 5 5o Olsise

2 $Seid sibeand 5l eslinud Y] Lusly 5 s050e
99 O alold slal 0 S al Sl w4 logly JUS S
sl y G e Job ) At slapge o s @l
208 b (55,8 1 im0 1, Dl lgil 51 Sy a1 L]
O30y (Saped Joo @l 5 W0,S (g, 2 Flow-3D 1380 o 5
Kals 1,8 .\.gb

5 S5 eyl 5l eolinad b VF] o Sen 5 glns
e ool ess 4 pladl MATLAB  wogiasly Lo
Wsgai (2 o3l Gl 5o Bl (i des e
)| 5 (izeen 5 ladly gl 5 (2pe i L g
Q) SBL lan) e ae (ALb lp @l S5y
SBL e Saedee Gl luder @S wsge
Sl Gl 4 jmie DBlo s slra ond (>
Sl 53 65 easS St bl a5 5 655
Sl 0050 8

&5 Ol w4 [V0] Legono s Dermawan
FO ol b (SL 2w 95 2 551 (oo S8l g 0aile L
aolsl jo sty e gile Yoo oo g Ve gl ) ax o
walye O (b ol ey U e U5l G 2y gl
51w Sl 5] £ D 5 Woges s Ay Y 515 A F Y
Cows & Jolie 5l plaSm sl 1, agl  2d #10 B VY
Slolaws o gly aS aisls lid sdel s 4 @l Lais 4l
Gl Yolh cod Gl b @550 (o 281 e oSl
Al oo

and 5 oae J> 4 [1#] Kamanbedast § Abbasi
b 8L slan,m bt glgl oS 4w (ob; s5le
o 4 o] wisgas pladl Flow-3D l3le s 51 esliul
PRalgl ileans Lulyd b ol aslie 5 28l (e
Omzed IS8 5 gy 0dd plodil 4LidS o aS (s ,00)
2 ok G e g oms 3l S8 lp ]y (il
ol 13 o 5590 9 Al (SIS sl e

~ols acgazms 3 oolizwl L VY] ol IKea 4 Roushangar

SlSLESS 5 eghan ormas saSl g,k o sle

Chinnarasri [A]:

v, h h
| =098 (055 )7:0.05 < —<1.7

/
\p)
" e by w3 -
Rajaratnam [f]:
(y_fqu)g ,04sﬁs09(é>
h !
)
Chanson [£]:
h h
[%‘fj =1.057 - 0.465| — [:0.2 < — < 1.25 ®
1 /

Mondardo et al.[4] :

y h
(7‘3} >1.1974 — 0.59501 (Tj )

Boes [V-]:
h h
y
[TCJ =091 -0.14] — ;047 < —<1 M)
1 l

ok sl 5l ol slaosls Jolos g 4525 b olodes
Alie SISl (sl 53 (55,5 SVl 45 oo s il
@ OlFe oarie sl Gl 4 g oog badly slaws )
D] cal cans 65, Sl gSTos
g9 o5 sl,— [V Y] Wongwises 5 Chinnarasri
Ddged a5l (Vo) 5 () Ly, S slag ) o Gl >
5 e Ol JSis sl Gl Gee (S () bl

oy oy IS Glp 1y shew Ges oyt (V0) aal,
223 oo )l o g o3l (IS 525 50 50

-0.15+0.0046

(yscj —(0.844+0.0030) )
1

1- Skimming FlowRegime



BPWRCPSEA Y] QA

A 2le IYAF 0l F o led FO uls (o ) o g oyl pos (oo a5 305 [ YA

20 (S 3d Joho i 092 g (2iulojT oz - ¥ S
pokd

Lo Gialesl bl sl 5l 000 ol S psld 5o
el sl BB T 0550 & 55 50 51 5005 ey Sl el
Sz 48U 5t S5l el ol 4 Of Gl (69955 Jore 5o
ool 3590 cray 00,5 o oolaiul (535,920 Glime J S
& foaze wamoimly el azdse 5 SISk Do ) ae
A Cuxdgn ;0 wbgrpe S oy Joe 03500 5L JUB
Ot & g9 5l el Joe oS ceal psld gl ) (g e
CeS S @ e 25 s 4k e el daaly S ol g g
Chanson b5 ulul 55 .0cil o e ble Yoo g Ve YO
Folio G slacss 53 re ad gy 5l el V]
st 4 boyse laom) 2 plonl o a5 Slrgl 5l il
Llys 4 @V conbes O gl Judon «sises Olr
1 eslaiul piliee ()] s uSeslail plowl 1A )l 893 (5550
-Jls (bail e ol S g 380 alfisle;] slaogd
=l Judos jo plas loy gy 5l eolaisl 3l sle
@ aS > ool 485 (13 dlots axgi 950 aKisles]
355 Ol eGtalojl Ll po LS (50 39, ol S
gl cez anli gl el ojle pglar iloy
4 Jlezms polar jleslarul b as Jdow LB g oS slrosls
4 0,5 oo plml (Blad des slalame ola )l sael oo
3,90 daore 1 oad angd polal (g ol S8 a4 Ko & yle
@oue polie 4§ Fgeals l38le 5 b )5 Sy oy LS
B osliiul 390 il pole )3 (o) (nl sdse o
e 55 2 Same Oz (WI-F) U8 0 V] 055
Jae 3y 2 o Dbz kbl (0-F) UK 0 5 (S8
Sl O.AAT Cowd ).)5..4) L)”)L))" »,\‘)").9 )‘ as djay).c Yoy
sl o sanlis 5

slp (Hize slagty; 928 4 (GEP) (S5 (pmgialiy
Db o e 5 w5y obr o 5 S gl
s (S8 52 e

w3 2 Sipl Sl (omyp @ GLen 5 6 5ak
9 Mot glaaly @ eme S e 0 S0, 0L~
Oiee ol Cam Gz opl o oSl bastil]
S S g AT GusSae cd gl el (55 Sl
5wl Ll daaly o usSae oo slml p odle 00
S 45 Wiy 4z ol 4 gl e S sl baaly 4 s,
il aalin] cuslis 5 laaliol glis,) ot 51 ol
B Ol w25y 0 el cnl 5l Ll i Sge (5550 2l
IVA] 530 e 2 Gl oy o

Bos 097 2l 8l (b)) ol aslllas )
2 Sl L @) baly &S ool s (V) bealy slawi (V) (Sl
Siladae Sy ISl 5 Job Cud 85 LS
wimo sl 4 Guzmen 00,5 o eolaiul (goue
So 5 5 Sl el (e 3 o0 Joo 3 Slee
AT oz JU Sy s Sl e (S e
Sheslisal  (sn (5155 0556 w08 o 8 Stalesl 35
i Slowlme 10 50 I3l S plsie 4 56 gl g
o5 5o (S o, e jo et bl Sl ce
mJde 0920 (Guiod cpl Ho el 0030 K cnalice abgye 48
gl g 5l oolannl b eyl ol Ol s (6.5, (g5l
pladl sgzge Lulyd bl Joo Sy s g ()0 530
ghocu! g 5l Jolo ol a5 00 5 o canlice 098 oo
sosls g goae giluJan lawgi odd gute polie Lo g3l
S Vs o5 il nilie 35 o alKtule;] sl
655 Sl o)y arlome o (651 Zlutal pices pogie
2l G slog ) o

abgryo i lojl plosaz 9 (K 58 Joo Slasio Y

e S 5l ol @ by slagialesl plnil g
2 oS SleisTer 5 oslind sgaly ¥ IS, e (S50
59 ‘&L‘.ﬂ & by gla “)Q)fsn oaalin (¥) S
235 plowl (65N 0 psld Sy JSo



BPWRCPSEA ] QA

A 2le IYAF 0l F o led FO wlo (s ) dxo g )l poe (oo 4y 35 [ TR

bz & > sy (aH) @55 S <él [V] Chanson
ges dwbe (V)

AR 09N Fy

1 2
e 1 e T,
s 3 cosa + — S 3
AH 4 8sin o 2\ 8sin a v
- H
Hmax i_,,ﬂ
2 d

c

Az )0 b oy

1 _2
fe 3 1( fe 309
AH 717(85ina] Cosa+2(85ina]

Hmax Hdam + Ho
de

o ol slaplyr Shaol ,es6 f) als, cal yo &5
o amiy B gl oelas)l Bl H b Sl H
LY o] alge 52ym gl VL )0 (5 o] haws lis )| H
&5l Glime s Cg |, (10) alal, [Y] Chanson
G B3 Gl iy > Bl slealy b S oy 5o

1D g3

i AH S (655 Hygy = (Haamt2/3h0) adaly cpl jo a5

85| Hian w5l 3ot e sy Jobo 5 o et
Al e aly glas 1A g o
Cows 4 wledbl L JVY] Wongwises 5 Chinnarasri
&5 Bl e et lp |, (V9) alal, ¢y LasliolesT 51 ool
B Joalzal b g aly cod b ohan Sk slog,w o

135S 9-0-'

EL _ dC‘)é %)

Dlocad slaaly sl a5

(alh
¥ (em)
40
30
20
10

x [cm)
- e
A0 =20 1] 20 40 &0 20 100 120
(<)

(St Jho 59y 2 Srge Ol bl ph (QWI-F Sl
Ol byl (@3 w69 3 o b Jde
Wl 51 Jol> Juds (bl 32 55000 995 31 529

Rydd (il

655 SNl dpwlmo S zrko o051 ulg, =¥
S 3250 5
s Job 5o 635 Sl 2 S Lol sla el )
aly Job «h) aly glas )| (V) loaly slows a4 g5 o o SIS
(E]) 3y SawdYb 50 by adsl (65,53 «(B) laaly 5,0 o)
Jods () baoaly elis ) 38l Gliee 5 (@) (200 02ly (20
@ b jeie ol 5,8 o,Lal baaly GiS od Jlocad b g jloa

EL:EL(EI’q’h’g’m-N) (\\)

mo (V)) alaly gloyiie 5550 40 (ol Judow 5l ool b

2o )1 1) 5 oo am o Lalg, ol

EL _E Ly hom oy Ov)
E, E hl'h

4.m|);.41 S50 ol Sl gl ) akl,

w—

. 2
by = (4
g



BPURRCTCR I R P

A 2le IVAF 3ol F o )lods FO ol o) damo g oyl o (widieo d p 05 [ ¥

Sl oals oold drwg Oyle mSo lawg cad (5,105 L
fol ojloarcs o Y Ul Flow-3D  Jas [¥Y]
oo 5 0)ls (Sl s gy JEl o Jlws sz slokids
bee (Sdgpae slagileasd el lp orlie
Oldee Gamd 5 (Samgd sy Jolod ol 5l izren
Gooe ST g3 3l lBle 5 cnl po Blie 10,030 L
gl o Jlw j8, ols lis slp (VOF) Jlw o g,
~as ¢l (dFAVOR) gile oo —Colue oS 3, g 0l5]
m(so oolitul (pwiin slaj e o cdo pl>l g olaw 5l

D¢l

Flow-3D ,l3810 5 0 b 3> p o5 OYoleo -)-F
Stg dobae Jols Jlow b,z g @Sl Lol @¥oles
25 Soze @ Oliee ) gl a5 wiilios pyitage aloles

dged Gl
 Siwgm Aol b gy (sl alolae (I

O by e Sl ol plyr (S dolee
4wl cows 4 Jlw Gl SO slp pe Jobs alolae

9 oo 4iig (YF) alal, JS5 & alolee ol IS &js0

oP  d(pud apvdy)  o(pwA
op  Olpudy) y)  Olpwdz)

F
ot Ox Oy oz X
A

3 PU2X _ RDIF + RSOR
X

S I ozl 25 Jiw Sz ez ol () o

sae,w @ v, W) (Jlow JBs ol onls 5 b lawgs
5 Ay A, 5 35 Slate o (4, ), 2) sl 0 S
e SbLed g L;...:.J 3 b (Fapisy O)le oaumslis

P opP P
a(vax %) o(v pA y 5) a(vaZ %)
RDIF= +R +
ox oy &
pv Ax
P
4
X

Yo)

n =—0.0341n(%,?)+0.767 \Y)
[

£ =-0.015In(—)-0.216 \A)
m

il AT baly sl g

h h
n =—-0.028 In(—,—) + 0.81 0
m [

!
& =-0.030In(—) — 0.149 ¥
m

@ S sy U lbailin] aSw S ax lag]

g Sl oo b pwimen il (6550 S8 (e o aly oot

Sl Gl b Gl aaly sl azja (ool aly elis))
20,5 (o0 Yl b (51

il S Gl il sl wlEcElas  olaed

30ge5 eolaiwl ) Lals, 5l alKisles]

E,=P+H RE))
v2

E,=d+— Y
2g

AE:E'_EZ (Y)
EI

J4J|5) LJ"‘ )045

o CawdVl 5 (6550 e
oy EWS,1P

Fo g 4y 4 5, B

axiy y0 ol ee id

AT )% eV

IV ansliso 50,0 26 595 2 O a5 culies H

py Fly 3l eoliwl b ol plawe gilwdue -F
Flow-3D ,!;3|
Vo Seolisd a0 sl 5 (6,l58le 5 Flow-3D

Flow science, inc. &S, lawg a5 adbe Slalxe



BPURRCTCR I R P

A 2le IFAF 3ol F o)lod FO ule ey o 9 oyl jos (wiigeo 4y 3l [ V)

)Qgﬁ.ﬂﬁcbl‘u g5..[11_‘ Gy Cll> g0 (Baios Q_;J 59
aslu LR J.A.A 'Y 894.7;.@).) w‘“;)bﬁ o S)9e
4l p S e oA g 1Y (00 98 sl SIS e

o bl pd g GuaSed (Jo plage (Hyro -Y-F
Slawls gl 6l Sl S 51 ssludse bl 5o
ol 534S o sl ye b aile iy a3 (sl - Canslonds anlinu
oolatwl AutoCAD  jl38le 5 51 calib oo S 3uy,m
L LB Dhse a4 osle awan jglate ol gl cel oays F
mo S e § 005 y3,3 Flow=3D Lawgi STL cusy
bz Ol uuaSed 5 pwiin Slarie e 4
b 09 S0y Cuz a5 Cwl SO 4 a3Y 00 F e pladl
5 A e S allalel lulys a4 gileans anlp
Ll 005 5 o s el 5 55 (S

el 25 Trh 4 oy p 2l 50 4B, )5 4 655

Specified pressure : (Xmin) cowwdYb 5550 by -

Outflow :(Xmax) Cowsd 'yl (g0 by -

Symmetry (Zmay) SBsd Cand -

Wall :(Zpin) Slbos Cond -

Wall (VoY) sl slao s -

ooy s,z Flow-3D Jlisle 5 pee (slocelil 51 (S0
Folesee odlitul by all) ofiws wiz 59, » Jae S
) glawr wix gla Sy 0 99290 sladius (oo
ooy seels cel colB pl abl oo (el silse 12!
oo oo 1l Co s 02 Vb @l g 12 (sl 5Ls 9590
Sl 5 Slbns sgizme ol 4 axg b adlhe cl o
et g S8 Slsle joline 4 )y Loyl ganaSis
bl b sl oolannl b glans [y all) 51 aige ool
ol 00 00938 > e s

3w as seo e )5 4 1) Sl ol Flow-3D l580e 5
sy daw yo 1) lagT slaws ks Coro o e slaad s
5 4 sl o Sl g abws 4 Z 5 Y X
Ol s el Gilisee (slabil; 5o A olal o 5

byl .yl 1,8 Mesh Information cwed [0 jiel,l 40

1- Stereo lithographic
2- Maximum aspect ratios
3- Maximum adjacent cell size ratio

uc
_ P doles ol e
P p

Ap P &> 4 by o)le RSOR 5 (i) piiage

ORF syt OT e 8 ey,

sae Glgie ol esSae a5 cal 0l oy &g lud
e on 0dxal Coasl o]

"oz 50 Jlw 3 Sz slace e sl <5 > DYl
b oS gl gl ¥olee Ko 4 claizre jeome calizee sl

129 g0 iy abgye slap 5 (585 a5

I
Gy Db 2y By 2L
@z

ou ou . ou

ot X ox y oy z oz

A, 1 P RSOR
’uV:——Ra—+GX+fX—bX— 50 u
XV P Ox pVr

oA
6(Ax7xx) +R ( yTXy)+6(Aszz)+
Ox Oy oz
PVE fx =wsx —

5(AxTxx B AyTxy)

X

)
cay gl b ol f @ ol G sl ol s
Sl gl ailse YRl glabasme o bz 2l b
Wil ee yro Sy j0 pyr Gl saies lis cenly S

Iyv]

2 3o 69 ) Gz ol o silwdue —V-F
anlllae 5550 (AL 3T Juo obusl
& Flow-3D )33l 5 10 (s5leJan ldym o i ool 5o
Sos 2 2l b @ileand sgmi (Lol allas 35
ol oy (BIRELe3T Joe oy 05 w2lss SISk e
o oe wil o ol Voo Jsb o B gl ) ol s wnds
g glay)l a5 wloads >l (laisS 4 ouls (gilwad (goue
i Slasein (V) Jgaz jo ailes s 1) Jow U5 Jsb

Cawloods 43‘)‘ r Sy90 ‘_;LQJAA

L Jawo jo colaw!l 0,50 daly dlowi g ol —Y Jaua

PR
ok Ol slaws | (a2 ,9) S ot
o o glis )
£ c F-A-NY
h/l=-/¢ A cZf A VY
Ve c F-A-NY




e dawiid O3 )

A 2le IFAF ol oF o)lods FO wlo oy o g oyl joe (w0 4 05 [ YY

bl zesd Gl 4 a5 290 Jlis laisS 4 Wb e
2 &5 Sl (liee op it dogy )y cnl (b 5o S5
gl s S Ggbiie cpay 09d slml ol s,
Shess G a5 IS pay Gl owu § eolanal (g5
s 5l 00laiul b el ol 85 (65, » 5 sloyial )l
651 ghil g Joo G A g (o 5B gl
i ol sl o el sud pladl ssmes Lauls ool
g o0 431, (658 Blate peplie b LL3 L1 o glasds

SUsd S bl ]y pealie SIS Blate
Bl (Js dasin b ol V L+ clale b o j0) amo oo (LS
95 Ao om0l e &S sue L) o ey 3
4 G5B g S Cl g4, adadi om0 lid cel S
a3l s 5l g5 ol KT ST aclgd 5l slacgamme (0,90 Cawd
oS5 g Al pe Bl e (o) 390 09> SIS L0 yS
el azly s S0 aclgd

S Slapiams Jold (3 e g5 m Vpona
5 (TSK) S 5 559 (S 36 slaptans (Al
DBl gohe Slasl e g sluis B slapiu

o Jols wieoacld g5l pracn S oges SLELG
23,5 oo [VF] T alosis5 5 gl 5lucs;le Lol al> 1
Shaoe =531 pras @ by Siled pgal (B) U5 0
Ol «85 51 Sl (o) 2 Sz ¢ pl 5eho )0 00l Sl
9.6%9,9 b e iy ye5 ool il cpl jo Ll oals oolo

el ooy pla8l (651 slracgeme Cugac milg 5 29,5

L

¥

Energy Dsspation
—— mamdaniy

: /
XX Energy, issipation
[ °F

1

969959 S yolsb (531 bli )l Seilels g9 guai -0 S5

G55 SNl &1 bga po (Glood — (5 o (29,5

1- Fuzzification
2- Defuzzification

slodsh ol Cs ity b slal G S
b o e Glis Z 5 Y X bl aw ol jelxe
s alis o 5 i o, Yo xSl Jadlgios
2ok bl ol jlade cgan e 51 AU slallas rals
o gy bl B VY 5 25 Z 5 Y X gl
Cowd dy R0080 a4 S | Dlombio ol Aoy S0l olad
b lBle s Jeallgiws Gk 5 bl Gl Hlade iaed e
IVY] G2l ¥ 5 2a8 XY 5 XoZ Y-Z o a0 gl
Syl g (o 0] )8 5l ool b o e olowd s 51 e
P lp oud S Joallgins Bob il glagloand
ol ol a5 C8)5 18 pwy 3590 boie S Cms 38

el 00l s (V) Jga 4o

b o FyKon gl p ooliiwl 5,50 o Gledbl =Y Jgus

Maximum aspect ratio | Maximum adjacent
cell size ratio

X direction: V/Yo

X Y direction: Y/vV

Y Z direction: \/\A Y direction:\

Z direction: \

Z X direction: Y/$4

dslis yo azas] sl gl o L.‘?‘)'? a5 ol @515
ol ilss 555, Slewlre 808 4 el sl 2 b
s Cov  Sad] loprie a5 ol bl cpl 4
@ bgye slaplell g o psie ul A g w)ls )13 Sl Sapas
b sn nl 5o widlbios st o Sl sl g
ol 0 GBL Ry 69y SAE 7 Slagl >S9y 4 4z
mah Gy 4 oliws ca> RNG  Sas] Joe jl o Jae
! 00 solaul Lg}LA
sk @ dagiluacd ads jo aS cwl SO 4 p3Y
AolB b Jaw Jo> 005aome (g e «)5 380 s 4y oltws
[C PSRC BRI XY R SORCIRSUNL FPICONET IV
S del mls 5l gl Jos 5l Jols ol suwcos Coz
«AJQ; oalazl eli..uLn)T

Olime Uiyl 00 G gliscw! i 2,8 -0
S 3w 895 32 655 S Decin!
Selyl5 g,y 4 ol calllas opl plosl Lol laal )

Rl adboe G oy owaia sl el )b Sl Cux



e dawiid O3 )

A 2le IFAF 3ol F o)l FO wlo (o) o 9 o] o (o 4y 05 [ YY

.)9»46@ 4.._’>|D).> CLMMA.A.AJ‘ 4.1.’>J.A B ol w,_u .\.c|95 ‘_gL...A).:
FESRNIPCER S I VR ASC¥] IURK { “SRVS I OV PSSUR IS
4 2elg e Hgdios Olo 3B Gby 4 g e Sogas
aie $3B (255 5 WS se 5B b))l 9550 el Cans
=558 ool s w5 5l b coles yo [YO] 00 5 e
5o oSE 31 eols oy dsgeme ((A) JSb 0 0gh Gle
Lorye 65 gl plass (Ll Sy &5 gueld Kol
‘..\:|95 U"‘ 50 O 0 oalive «awl ool salazul N U"‘ 4
@l asgerme b)) Sl p dojsie o BLII oge
odls Sl cons ools 7,8 (goae gilw s I Jol> 29,5

loads

Bule num Bule

If (veis High) and (I is Low) and{ais low) then {ED is Med) {1}

If (yeis High) and (N is Low) and (ais med)then (ED is Med) (1)

If (ycis High) and (N is Low) and (a is high) then (ED is High) {1)

If (ycis High) and (N is med) and(ais low) then(ED is High) (1)

If (ycis High) and (N is med) and (a is med) then (ED is High) (1)

If (ycis High) and (N is med)and(ais high) then(ED is Very_High) (1)
If (ycis High) and (N is High) and{a is low) then(ED is High) (1)

If (ycis High) and (N is High) and{a is med) then(ED is Very_High) (1)
If {(ycis High) and (N is High) and{a is high) then (ED is Very_High) (1)
_If{yc is Low) and (M is Low) and{(ais low) then(ED is Med){1)
11.If{yc is Low) and (N is Low) and(ais med) then{ED is Med){1)
12.If{yc is Low) and (N is Low) and{(ais high) then(ED is Med){1)
13.If{(yc is Low) and (N is med) and{ais low) then (ED is Med) (1)
14_If{yc is Low) and (M is med) and{a is med)then (ED 1s Med) (1)
15.If{yc is Low) and (N is med) and{a is high) then{ED is High} (1)
16_If{yc is Low) and (M is High) and(ais low) then(ED is Med) (1)
17.If(ye is Low) and (N is High) and(ais med) then (ED is High) (1)

18. If{yc is Low) and (N iz High) and(ais high) then(ED is Very High) (1)

=l T = R R N

=

(o s — g3 gl ~A S5

o g mbi -

o popie o, Slas Sb 5l caddlas cpl Lol Glaal 5l
Sy 89y 2 5P Sl ey GeeS o 651 gl
Lolys bl 65l gl g Joe S5 a5 SIS
Jolo b jlaet ol dl,y ol jo all oo abgy e (S5d
i wlome s 0gd o odptmiw e Jow
b Jdon ol byl Sl wssae siludoe 5l Jol>
ol 00 oolawl gd.!oy).o st.?u L)..Jl.c)] L 0 ng.jo)LAJ‘
5 w3 Joo sl Jeolb> Gl mhaw Jdgn () SIS0
l;..\;‘o.)m); MLD.A )i.).g; lJ ‘tﬁ")x J.,oL_m ).M)LQ.A wm
Plejl @l oy (Jged JE (Sranos (JS5 0l 4 a2y
.&Q;sn ouslice LS J»A.A 9

1- Rule

(S Ges w S ) a g N g e ¥ jslane cnl sl
9 s (5995 Olsie 4 (aly (59) wsSre s g Lol olaas
o &85 51 )0 ol (5 Olgie w55 Sl Gl
el

Foe 89555 Gl pate Caglae mlsi (V) 5 () sla st )
ol oad osls Hlas 29,5 lsie 4 (65, Sl 4

a5 odgame g £ camilio DDl (gl 45 Cad S35
Lulpd (Sopd Sloogas w3b ()T s 0 Ged agae
sl oo o0liil s 5 _xw iyl 5l cdlins 1 oS>

High Laow

0 L L L 1 L L 1
0 0.1 0.z 0.2 0.4 0.5 0.8 0.7 0.8 0.5
input variable "yc"”
(alh
Laow med High
1
nE .
c L 1 = 1 L 1
0 2z 4 g & 10 12
input variable "N"
(<)
loje ' med ' high
1
0.5 =
0 1
i} = 10 18
input variable "a"
@

(PO ey Sy o (Al iy e aylys — JSC
(@) aly ol (g (V) ol sl (o

Low Med High Very_igh
1
0. J
o 1 1 1 T 1 I 1 1 1
0 10 20 20 40 E0 80 70 20 80 100

output variable "ED™

Folyly gl oad aid )5 L )0 Cuogas milg -V JSCB
(ED) (65 5 Sy



BPWRCPSEA Y] QA

A 2le IYAF 0l F o )led FO wlo cCann ) duxo g ol poe (oo 4 226 [ YF

mso 0lS (6580 Szl o ialiEl L oS 05l e cnalive
bl 3lyl 5150 boaly 605 G2als JIs sl cal a5 oy
g oY Jole 00 50 398 loged jo ama yo il
oamlice LYY/ Jolee 65,5 Sl it sl 5y o

D9 50
75
> L ]
(@] Neg
> N=10
70 O
=
=
= 65 >
= +*
o0 o
*
35y 0.02 0.04 0.06 0.08 0.1

Q(mes}
G5+ (0 s 1 (65 5l Sl ol )y Ol i 1Y S

&3 Sl o0 95 2y /B dm gt yalily Sle
B L) Y ang gl b Sl sskie
@l 5l 5 Sl liee o (L elis)) & Gl
Slsd Gloges (VY) JSKG6 j0 000 5 ool Jow 5l Jol>

Sgdsn onalive (633 Mgl o 1 ye/h

75
> T
Q N
> N=11
70 (o)
£
T 65 >
= *
60 o)
*
o 0:5 i I:S i 2:5
de/h

659! SVl 4y S p o/t Ol g AT S

Yo/ i Sl b &S ssd e eanlie (\Y) S5
e el crl GRIBL ol (Jo sy, 6551 Sl
5 7S Ohr 69y 2 O S 51U 6 53 B ogd o

gl aiwlS (65,51 Sl liae 5l azcs jo

X Numerical w

@ Experimental

srosls g goue Jow oy of T Judg . dslio -8 JSC2
P bojT

NPBley goue Juojl Jol> guls Julod 9 4525 -7
Flow3D

9 demlbre 5l 9550 (SIgyee oyl il (oo sl L

ol 5 aalllas 050 ol el 45 o> o] 5 widge 5 o

ol b eslatnl b isu ol jo ccanl (65,3 S gl ¢ gadoes

et 5 V) baaly 3o dD) bz (08 b (s p 0 s
Dgee 431 5 165 Sl 2 (@) baaly (55, o5

9 (519 Oy w3 (65 351 SHlagissl (g3 @
5Q)°‘5‘¢lifﬁ)fdJMdﬁ)}‘G)jf‘cQLl),?(\o)ﬁ
B2 o sialad 4l oS o frA g /oY o

Q=-/+¥ m/s fluid depth contours
18 9.1 16.6 24.2 nr 39.2 468
| [y | [
500 ¢
‘ M—d
00 ! i 2
-10.0 44.0 98.0 1520 206.0 260.0
X
fluid depth contours
Q=+/+Am’/s
a7 1.8 19.9 281 36.2 243 52.4

0.0

206.0 260.0

-10.0 440 98.0 152.0
X

Sl ¥ Joe 695 3 oo (gilwanls (5 908 (b2 -V JS&

bz Ges e Ghal3l b as el ol (Sl (V0) USs

O)) I8 @ a2 b aboo GBI 5050 95 5 ooe



o dwiadd Ol 51 b3,

A 2le IFAYF 5ol F o)l FO wlo ccann ) duxo g )l joe (oo 4 226 / YO

Sl Glzmo 50 baly wesxo ol Hl owyp @
33

Slessly @l A Jos g5, 51 @y Ol OF) JSS
2w o Hlad az 2 VY B jao glacod

Socad walige odaline (V) JSo j0 a5 jgb len
maly 7S 5o by ol Gl o F U aly 28] axg yal
Wibco il T po s cads il b aS sl ous b

anleiige Joe 5 90 Loy a5l pam a5 55k

fluid depth contours
13 89 16.4 240 316 3.2 467
50.0
H
00
-10.0 4.0 98.0 152.0 206.0 260.0
X
fluid depth contours
13 89 164 240 316 3.2 %7
500
z
0.0
-100 440 9.0 1520 206.0 260.0
X
fluid depth contours

13 89 16.4 24.0 316 8.2 46.7

fluid depth contours
22 98 170 48 na 03 %7
500 7
z ‘:_J
00 |
-10.0 440 96.0 , 1520 206.0 260.0

o9 o )10 slaaly (59 31 59ee by VP US

65! SNl (3l im0 1 oL Slowi 75T 0gos gy @
Ve g A Jow aw 59, 5l e bz OF) U5 50
S5Al SNl Gl p loaly olows S sy cgz ik

ol 00l s0lo UL.-..:

fluid depth contours

50.0
: ] N-4
0.0
-10.0 44.0 98.0 152.0 206.0 260.0
fluid depth contours
16 a1 16.6 24.2 31.7 39.2 6.8
50.0
i } N=8
0.0
-10.0 440 98.0 " 152.0 206.0 260.0
fluid depth contours
16 9.1 16.6 241 317 39.2 467
50.0
z ] N=10
0.0
-10.0 440 98.0 152.0 206.0 260.0
X

oSy o [oF (g0 -aly 69; 3 §y9ee by IV JSD

asl

oL dlaws b b Jaw slp Jolb mls (V) Jsoz o
LmdL olaws yioldl b as S oo s lice .asloas ob)ji alise
a5 b rcwl ails LaoliEl Wy, (6580 Sl

D o 0anlive (65,3 Sl e o i aly N=10

OB Slawd a4y G (675 1 S Mgl Ol gt ¥ Jga
5 Sl

«[+Am’/s & <[+¥ m/s & bl slass
I\ <IPYYY ¥
- /0647 ¥ -/7af¥ A

PO - RAANAE \e.




BPURRCTCR I B P

A 2le IYAF 0l F o led FO uls (o) o g oyl pos (pwdigeo 4y J 05 [ VP

N=4
ol [e) | | slope 0
> slope 4
L 2 slope 8
slope 12
64 % e
& =
= 61
-1
=
Z 60
58
u
56
.02 .04 .06 008 0.1 012
Q(nss)
(<
. N=8
74 n lope O
T2 >3 slope 4
» slope §
70 9 (9] lope 12
_ 68
=
= 66 8
)
=
T 64
&
= 62
60 -
58
56 0.02 0.04 0.06 0.08 0.1 .12
Q (ni'/s)
()
76 N=10
7 B sloped
4 g > sloped
& sloped
T2 o O slope 12
70 *
£ 68 >
"
66
2 =
£ 64
62
60
58
4 0.02 0.04 0.06 0.08 0.1 .12
Q (mss)
@

525 o 1 655! Mgl Ol g I8 g0d (15 S
&0 o> 32 (6551 Sl Ol i H13905 (@ slady F o
&0 w12 (6551 gl Ol i 10903 (7 gty A Joo

Gl Ve Jow

oS 5 (558 glidw! pwew 0 Sdos (b3, -Y-F
&35 Sl oyl
Szl 5 F3e Glopste g3 bLI) V) JSS 50
S5 gl s 3 00 oy e asld sl 45) (555
axgi bl oad ools lis (Wloads a5 Bt () sl
b Gillae (b3l sloass) powy Sl (o9 gom 4w &

95 5lp (65l SVl Sl s Jloged 55 (VO) UKo o

4.’>9Jl;w| 03 oo)ﬁi 44..;[; ¥ u.ainj.ua RN 9 RN «&°

S5y osSme et Jlasl L 45 505 co ateiie (JS3 ol 4

Abeo Gl (65 5 Sl e aaly

S0r Q=0.03 (ni/s) s =
»> N=i
75 g s > »
= e}
£ 7 o o
e
o .
Z 65
=74 * *
60
53 5 10 is
slope
(<l
S0 Q=0.08 (mi'/s) N
O e
> el
75
Z e >
&) E 5
;_: 65 fe) o
* * *
ﬁ"(
.
5% 5 10 is
slope
(&)

aly GBS ol 4 G (65 91 S Mpain] Ol s’ (A1 -10 S
652! SMyaw! Ol junds (0 il p xS o +[+F 20 6l
Al oS o o[+ A (20 gl p aly S o 4 S

loads 03)5] aliSee GL“’W“‘

sleal, o =S u,.;ljsl L S S o ol (V) s
2 Lo sl 20l5 (655 Sl ol o 5
& Olpss @z 0 ¥ o Gl sl Jow (I -V9) S
O phals cel 4l p S jio o/t A 4 o/eY
tffo )ocxfslb ).) w‘ 44...5/\/& c}‘..\.}' 4\4‘5)).>| J)L@r.m‘
A laly s b e Joe cpl 50 4l p e 2o o/ T 20l
Olyee 45 (65,3 Sl o8l ge azjo ¥ ol 4y 28
Sl 003,57+ /4



e dawiid O3 )

A 2le IVAF 30l F 0)lod FO wle o ) o 9 o] pos (i 4y 305 [ YV

aelsd wdg 5 (b 5o ol @l 5l & oue glaggslou
J@l} w...m...m )‘ oolawl l; (.}9) o oolaiwl 4.!054)@ Lg)l_‘l
Sl bl (e @ bgppe ol (F) Jguo jo 38
o o1V (oo e )0) adllas 3590 SSL ) 50 55
ool &l,l Flow-3D l38le 5 lawgs (55ludncds 5 55l glicial
i S Slos i Liel Cqa Glg oo @l cpl 5l cal
P Szl Glime cpmeds j0 0als b (36 Ll
lg W) c)Lill u...o.;u 90 O O ge O ..)94.3 o]
a5 0l 00 wesd Aoy D sga 0 (YY) alal) 5l eolawl
2 G 3l eg ol (Phb o owsige Blaal 4 axg L
Joe 5l Jeols Jlade g alaly joail oo Jed 1B 0ogame

L RENT I Sy SPRPRENE

1= E

E -E
1
MNSz(%jZN o V)
n

G521 Sl oyl ool 00 Cyoi polio —F Jouo

(s g
. SWele s laaly slass
&b glosd Flow-3D '
OAIF £O/F0 ¥
a4 VA IFA A
var VYIAY Ve

36 gl s w258 ST Y alols s

2 &ly 0byz 50 @8l Sl abre plodl )5 oud s
@ Olgee pims (nl 5l a8 (gy0b 4l Sk gl e
2 @il Szl eyl ez o el Ghg) S lsie
S5 2 G Ok N )0 ke slayllly pnss Ll

Sges oslatwl ¢ oy ,ae S 5 e

Gy -V
ol 4l ya 55 ol Lo al o s §1 JSeiie anlllaa ol
Sl 5 pald abgiye (s Jaa iales] ol b
2 oS b Gilesl el (b jo i 0)0e (Silgya0e

Slaslie loe 5 goae Jow ags 4 pladl pgo al> e

b e DLl Gl e i S Jloges 4w 51OV JSo
s g OSL olaws 5b Jals Jelse ol sl o0 oolizal
S Bos 5 sSan a3l (633 gl sSaa
2 Ok by e Bes b 5 55 Sl

i (65,5 Sl

@
9 oL slaxy ).:S‘ia (A Sy orsdw oaslgd Siulod 1Y JSCo

Gos il (7 ol Bos 5 waSan et il (0 vt
G391 Il Glime y1 oSy Slani 9 Sy

olaws (o3l gl so oanlice (VW) JSo j0 a5 jsb len

eizan 5 95 g0 55, gl Jade Sl el (N ay
S5l ezl i vals () Sl Ges (S 0
Sl romiw jslaie 4 ogls siol38l wSey (656 S
a5 pladl (653 Szl yial)ly ez jo ool 2lib piecen
Lylys L oglete Jals cov) gl opl polie adg



BPURRCTER I R A

A 2le IVAF 30l F o)lod FO wle oy ) o g (ol pos (owdigeo 49 305 [ YA

&l -A

[1] Chanson, H., "Hydraulic Design of Stepped
Cascades, Channels, Weirs and Spillways",
1995.

[2] Chanson, H., "The Hydraulics of Stepped
Chutes and Spillways", Library of Congress
Cataloging-in-publication Data, The
Netherlands, 2001.

[3] ASCE, "Aerated Flow in Open Channels",
Journal of Hydraulic Engineering, 1961, 87 (3),
73-82.

[4] Rajaratnam, N., "Skimming Flow in Stepped
Spillways", Journal of Hydraulic Engineering,
1990, 116 (4), 587-591.

[5] Chanson, H., "The Hydraulics of Spillways",
Balkema, Lisse, Netherlands, 2001.

[6] Chanson, H., "State of the Art of the Hydraulic
Design of Stepped Chute Spillways",
Hydropower and Dams Journal, 1994, 33-42.

[7] Yasuda, Y., Takahashi, M., Ohtsu, 1., "Energy
Dissipation of Skimming Flows Onstepped-
Channel Chutes", the 29" International
Association of Hydraulic Research Congress,
Beijing, China, 2001.

[8] Chinnarasri, C., "Assessing the Flow
Resistance of Skimming Flow on The Step
Faces of Stepped Spillways", Dam Engineering,
2002.

[9] Mondardo, J. M., Fabiani, A. L., "Comparison
of Energy Dissipation between Nappe And
Skimming Flow Regimes On Stepped Chutes",
Journal of Hydraulic Research, 1995, 33 (1),
119-122.

[10] Boes, R. M., Minor, H. E., "Guidelines for the
Hydraulic Design of Stepped Spillways Ibid",
Swets & Zeitlinger, 2000, 163-170.

&5 Sl ey sl M LG ulels W]
dome M2l Wi iy, bl glaly lag e
TY-FA () V] ATAL (S 5 O il

[12] Chinnarasri, C., Wongwises, S., "Flow Patterns
and Energy Dissipation over Various Stepped
Chutes", Journal of Irrigation and Drainage
Engineering, 2006, 132 (1), 70-76.

QQ; aal ).:| 6‘“))’3" o ‘6)5‘)6‘"3"“) “P (SO0 [\Yl]
alo)l§ SOl e VY i Sl as s baaly sl
AYN) T plis g alome M SSL sl e 5o

b
B RN SN I SR SO IR T B L8

S8 lagrw ange (AL cg uallns )4l

5 0se lime Slorla ay azgi b oS ssrse (b
Pl 5 saissie 09 o KBl Joo) goae S s 5
51 LB e o @0 5l WS (S (5550 Ly ce
o Joo 5l ol mls sl slel 5 slatel S o
oalatul jsSe (S50 Stalejl @mlid 51 ez ol 5o ol oo
9 pe Slecas g ol (mnly ploxl 5l am o S
Ll @ plgor osdly b plos ol S )3 (55,2
S b g 00ged slaiel oal olml (gilwannS 5 Sod
2 Rl 5D 0 )50 bl S 4 icwlio gla 2l il
Ol 3 eolaiwl b cpgu dd>pe o clyy alizee bal i
pll )3 obj <89 5 anza Bpo w5l 5l 5 siledse
b caz oY Sl sk wo S 25 slaisle;]
Sl bl e 0 i b gl e
il oo ) 7 a4 dlols bt aadls .0y 5 el )8 65,
(o IRl oS ab esalis (g8 sell by L -
58 Lol olaws alj8l.00 5 (o0 (6551 Sl oS ez g
g 00,5 oo 65,0 Sgznl alsdl sl ool glis | b
S e &Bly )0 baaly elas )| 2als g laaly slass al330 L
Ngdige e ol 25 50 g laaly 5 il als

e Dl o ¥l i by gl ¥ Jow o -
Sl i Rl sl el oo o [o A ay oY
Al caSo e /oY ol o 0 9 LV ojlul 4y (655
Ol czse a0 ¥ocd 4 jho b Sl el e
05 e Gl 4 5551 Sl

@ S 1) 55 Sl daaly o osSae o ol -
b 59y sSae cod 4z B g aad oo il Sl Ay Sl
205 (o0 frdn 8 (55 SOl by (Al

e bagi (6551 Sl S5 Jelse ileoe b -
Ny 5Ly dlass (l38l oS 0,0 5 (aseiie 35 (556 gl
g o 655 SNl Hlade uol3dl ey

5 & gl s 5 Jol> ol ( Sialos 4 azgi b -
@ 638 gl el oslitul by pe lacsjlu o
2 &5 Sgasl ol )y ez 0 Wl g, S plgie
95 2 Suzee Ok ¥ 3 ke byl ew Lyl

255 (o0 Seiin B9 b SIS ) e



e dawiid O3 )

A 2le IFAF ol oF o)lods FO wlo oy o g oyl jos (w0 4 05 [ YA

SRl dao)ls Salys S pags sl

AYAY (Sl i (s ol s
[20] Chanson, H., "Characteristics of Skimming
Flow over Stepped Spillways", Journal of
Hydraulic Engineering, 2000, 126 (11), 862-
865.

Sy 3 655 il gy o lzcdlas (1]
Wiyl olid)l5 aslipbly M olenl albl b SisL
Yool hes 0aSasly wiy pd ko oKisls

Flow- ,5 (Sds,oee Jilas jluand” 3 wooljeuls [YY]
AYAY lg a5 3D

[23] Flow-3D User Manuals Excellence in Flow
Modeling Software, v 9.3, Flow Science, Inc.,
Santa Fe, 2008.

[24] Dill, R., Borba, J., Murcia, F., "Organization’s
Profitability ~ Analysis, A Fuzzy Logic
Approach", Encamped Congress, 2004.

[25] Tucha, T., Brem, M., "Fuzzy Transfer Pricing
World: On the Analysis of Transfer Pricing
with Fuzzy Logic Techniques", Indian Institute
of Management, Ahmadabab, India, 2005.

wia,s8dl 5l eslannl b (65, Sl 5lw il g
FAAY (F) YY Y S g ol il e s Moy

[15] Dermawan, V., Legono, D., "Residual Energy
and Relative Energy Loss on Stepped
Spillway", Journal of Applied Technology in
Environmental Sanitation, 2011, 1 (4), 381-392.

[16] Abbasi, S., Kamanbedast, A. A., "Investigation
of Effect of Changes in Dimension and
Hydraulic of Stepped  Spillways  for
Maximization Energy Dissipation", World
Applied Sciences Journal, 2012, 18 (2), 261-
267.

[17] Roushangar, K., Akhgar, S., Salmasi, F., Shiri,
J., "Modeling Energy Dissipation over Stepped
Spillways Using Machine Learning
Approaches", Journal of Hydrology, 2014,
(508), 254-265.

@lej] gy 2" 2«8 ym ol el w15 y3aie [VA]
S i o lass Gbyz w5 65 Sl
Oreojlys Mylsallinl 5 jlcd slealy 4 e
AYAY (g5 olSils el Sl e i
Iz bz " o e Slxd] Gl wp 3 onnis [14]
G310y hsy sl eolitl b ol Lze jo jlasll



Journal of Civil and Environmental Engineering
Volume 45, Issue 3, Autumn 2015

EXTENDED ABSTRACT

Investigation of Effects of the Geometry on Rate of Energy Dissipation
of the Flow over the Stepped Spillway using Fuzzy Inference Systems
Nasim Sori, Alireza Mojtahedi *

Faculty of Civil Engineering, University of Tabriz, Tabriz 5166616471, Iran

Received: 16 February 2015; Accepted: 15 August 2015

Keywords:
Stepped Spillway, Energy dissipation, Fuzzy inference systems, Physical model, Computational fluid dynamics

1. Introduction

A stepped spillway is a modified chute spillway, in which the surface of spillway is provided with a series of
steps from near the crest to the toe of the structure. Dissipation of energy is caused by the steps. The steps act as
small drops placed in series and each step acts as small stilling basin for the preceding step. This method of
dissipation of energy either eliminates the requirement for stilling basin at the toe or considerably reduces the size of
the stilling basin [1]. Technical advances in the construction of roller compacted concrete dams and realization of
the advantages of a higher degree of energy dissipation (which in turn may lead to a sizeable reduction in
dimensions of energy dissipator structures at the toe of the spillway) have created an increasing interest in stepped
spillways [2]. In this study, the fluid flow over the stepped spillway was investigated using physical model studying
and water surface profiles obtained by an image processing system. Also, for the sake of the evaluation of effects of
the geometry parameters on energy dissipation (such as the critical depth, number of steps and adverse slope) the
numerical model has been provided based on the existing conditions. Then, a type of the fuzzy inference system was
used to study the controlling of energy dissipation. Evaluation results indicate that the fuzzy inference system can be
used as a valuable tool for controlling the energy dissipation in stepped spillways based on the different geometric
parameters.

2. Methodology
2.1. Experimental setup

Physical models of hydraulic structures are probably the most common type of hydraulic models to be studied.
The principal goal of this study is to experimentally investigate the energy dissipation on stepped spillway models
installed in a rectangular channel. This part provides details on the experimental setup and apparatus used as well as
the procedures followed during the course of the laboratory investigations. The experimental program performed in
a large flume. The length of glass-wall flume is 14 m. A head tank with a sluice gate control section is located at the
downstream end of the flume. The physical model was constructed of metal sheets and installed at the distance of 8
meter from the start point of the flume. Accordingly, based on the dimensions of the flume and also on the capacity
of the pumps, the dimensions was selected as height Hgam= 40 cm and length L=100cm with step length (L=25 cm),
step height (h=10 cm) and width=100 cm. The experimental setup is illustrated in Figure 1.

In recent years the use of image processing methods for the analysis of experimental results has received special

attention because this method is a test without disruption possibility of the assessment of parameters desired.
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Fig. 1. Plan view of experimental rig and setup

2.2. CFD modeling

Computational fluid dynamics (CFD) is a useful method for the simulation of the flow pattern over the solid
boundaries. In this model, the standard flow equations such as the Navier-Stokes and continuity equation are
discretized and solved for each computational cell [3]. The boundary conditions of the prepared model are shown in
Fig. 2.

Fig. 2. Boundary conditions of related numerical model

3. Results and discussion

The water surface profiles are compared in Fig. 3a and the fuzzy logic controller using rule viewer is shown in Fig. 3b
[4].
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Fig. 3. Obtained results, a) The profiles of the water surfaces, b) Fuzzy Logic Controller Using Rule Viewer for energy
dissipation
4. Conclusions

The concept of the fuzzy inference system was used to study the controlling of energy dissipation. Based on the
numerical and experimental results, it was observed that the fuzzy inference system can be used as a valuable tool
for controlling of the energy dissipation in stepped spillways based on the different geometric parameters.
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