R T ke e
e Olyas puilige

VWAV Jlo F o lacd oadonn 53

39 0l oo (595 999 Sus g (Wl a0 41998 wgly Wb
S99%0 w9 Ll g 90 (29l S 3 5 g

' e oo A 3L, g o Sl 3Pl e

ol sty ol 5T oKy (S ssds gla o3le 05,8 (i)l el )18 )
QKJA‘)A GK..:J.‘J ;Q\JAP wﬂv\.\.@aﬁi e)ﬁ )L_)_JLIMJ\ =Y

O Golspsnl 5 S Cbliz ouSlinss olgm 5 6oy, owdige o5 S JLiils ¥
* sehagh_1357@yahoo.com

[AVAANY Tty s [V YN ] il

22 st Gl e S Dsbar s e il s Bl (Al e Sty 53 O Gl S D3 g0 el 3 sl (gl o) e
Ao Sl a e SUl a8 (ol e 31 S 5 s .]ailf.iJA;@SW!J&;;J\.;)J@;;U;MIVT&M)WL:sl.as.L.»
Sl FLOW-3D lle 5SS ay (65990 8 Ll i3 53 (sl o) e (555 0L Ols canlllas pl 55 0 58 o la B 5 5ome L
ggﬁgnjcu_mumuw.uwuwme koo 3l ks Saasl gbadde 3l oslizad b 0L Ol Saasl as
maga Y 54 A il Gl an s g e b O)lae sla o)l (g5de e )5 e LS (g5l 5L VOF C)l; alews s
oo 39,8308 5 sl e b el g sl Sate S0l pee s ) adl I YYASYE FE gla s el s eSS
ot A BB I L anles] slie (e e ledde s bl 23 S 513 Lol 3 se Ol Ole Slasiis
a5 AV ol s sladis 6l 0L JUICE‘ b Sbie o et deo s solie @ pel Ol gy o ged
0L i JSC gd 6 5 Ol SESHE 5 en A aboes WA 5 VW00 OYAY Ll (5 S 6 smn o gb Jasl 2
ELB ) o s ) Son sl GRIBIL 6 S on s A pa b JSE L 0L 0T o8 s S8 IS e Sl B
sde il 3o 5lcsl ialS el oyl CL&J)\J)S.'\» sl Sl L blie 5o 5 SRl gl LB 1SS a4 s 2 e 0t

..Lfra\fo.h u.:.alSLw}f- f}a.\i.l,; CU.T_}\AJ‘.:)JWJ 6[4 UL_J;- :}Jé
FLOW-3D (5318 (S 3luwind <530 33« sl 32 v (SN O 319

Slades oo 53 5w g5 2l AS Jos a3 05 L s L oo —
Ol o oS adssd o5l Ol peay S 5 oy Sy (o sd RS sladss YU assl s ol 5 e

e A Gk G Olezt b Sl o 4S50 e L R R B N PR W O e T STy v



WS L.b)j:.al )_5;_'6.,\.0:-\ Wbl

e Mg e gladae 1 2kt 5 ool s S

1);Pw*;\,b;uoqﬁﬂj@amrsuavmﬁﬁ
S50 3 Soss Oz O il 5 215l [4] 33l ek
33l e 3 Ll s gl (3l 1y (ool oy SO
A3 sed e3lial O Ol (5lwdiie ), FLOW-3D
Ko i by 0Ly o (Sl ) S Ji 5 iees
S5 b S TLLL 5 Mol [5] Ad Lo ey 25000
e 5 k- Saasl doe 3leslinad U1y sl gla gy o
Ol S Ll ode Jua 3 05 (5 3lwans ADINA (gsus
[6] 3503 fn i Jsd LB 3 L1, 0L > ;\,-Tcu_ﬂ

G iy & OTAY s OLSs 5 o5 Flo
o= el b (Sssdn 5 Sl e 53 0L~
- > Sl Jl fl_f 53 .3 505 o ysle FLOW-3D 58
O Ol Gl bl e 53 5l e
L 5 Ao pa ealinal AT € pad Gl S50
Sl gladds 5l eslial b gode g3l 4 5l ool
Ao > e 55 s S aslis OF L IRNG 5 5 Ikl k — &
e 3l ol s 5 65 500 eslizud Sl ams - K
ilie 350 ab gy o AT slags S s3ILIL 15 3l
Sk plde (65331 5 S sS 50 [T] A0sls Sl
Sl 0 o 1y sl (la ey 53 O gl g8 sl
mdie gl Bl ls S s (9348 &) 50w ANSYS-CFX
sylbleal k- Saial dde 5l 0L > Ol Saasl g5l
O el 5l L bl a8 sl OLES LT .65 gas e3lizu
i Gbn el 4 Sep s ot ol Sl Sl
8] dced O sl 5lS dans

sl Sl s e s edd el Dlalllee 550 L
G Sl S o andllas @ 5l S 35 oo odalia
Y ol asm s o B il s ) Sla g e
PO SRV SIS T N LV PRI P S PP QTGO 5
o= 8 s O (Salingpden 5 (Soodes sla bl
o=l 3 e o3l Ady (s3de gladis L g Olads
Sy S5 3T a5 4i3T 0L o Ols candllas

FLOW- JJJ‘(’J—’ )‘ ezu.';.»‘l.gdjjm u»):e Ja'i‘]":’ BE] d"ﬁ‘

3 Chatila and Tabbara

(Sl 53 (sl Slag e 00 1S 5 )8 aay 25 s
DLy s Sl esds 5 e (ARl lalas
Ll sl il Lol 5l g5l (S
Ot (2 G5 (23 e B s 0 (V1Y)
P P N S S RPPRICI
oo mlE 53l 8 sde 3550 L USBR Law g
5 Samwdin Lyl 3 s (Al AP -B
s OS5 5L S 1] 3500 aolie il S5 e
o3 Ll 5 s s e (S Slasile el
aeles 6l gladaly Ll sty p sVl o 4 (5 goms
5ol sl 3 S Olsea s 3l g onl 3 e
p;\;;,u;;t@.m}&;a\,lﬁ,ﬂtu;,luﬁymw
G g a5 g ge A Lo LI 55 2350 &S
sslde 53 0k o ol Ko 5l 30 (125 sl 0 Jidoa
o Sl oS L3l 0L gl paman Al o SRS VL
L alie 53 5 55 Ol 03 w3 80wl als
G etalsl 53 2] Ak o Sl A By ) e Jl i IS
O fop «ARELST allae s 0L Ken 5 Wbl
o oz b Bl s sl Gl e )
ol oo Ol Sssdes e a3 sl T s S
L as wsls 0L 5 Lo ged andllae |y ol (sla s o ¢
ORI s (3 et U AT B o I
Sl g3 gadde 5l eslinal ol gladle 55 [3] Al s
3 S (Ssodas gloesln s 0L 2 Ol (g5l
slassa Jals 50l 53 s w ol ail (glos 1S
s (530 ladde Slaly e o e 3 AL
SVslae 3l esliul U (V48A) " podr 5 sl 5 oo
kmo SVsles 5 50l 3 0l (8 0SSle S g 5L
L oo S0 31 Soze Ol ddome e (55 43l
e 03 e lis 503 (S3laand (e a5 Say 53 S50 &
B 53 Gkt S o w1y e JS 1 O U1 el
o5 3y s She 4 Oley LIS L aS wisls OLES e 5 i S

1 Tullis
2 Olsen and Kjellesvig



\Yavdl /Y e)w/r.&Jq;AAJJJ

oote Ol jes wdige g — ode doe

8ade Jo -Y-Y
oSl SVolee -V -Y-Y

s O 2 Ol = sl s3ds olwaned ol 02
Sy slas 1 518 Slaamses oSy 53 o135 LB 2
oS 355 op 03lital S gl 5L edd (6 S o gze SVales

&L»w‘e.l.};;‘ijuﬂ)ja.s\}).]a.wj:

ou
=0.0 V)
0X,
[ au )1
aU'+ujaU':ii|*p5ij+pv‘ 6U|+71| )
ot oX paij 6xj X, J

sbadlie b S x (i,j=123) 5 U U, bl 5
P Slatme e 5y Slate Gl pme 5 Lo
S olid podle J&s 5 Ol bt romes Sl
e T Seisl oy, Ss S sl (ij=1223)
Tl SR it Slr e adlae ) D3 s
VOF # b ;5 ool o oslinad VOF &~ b 51 0L NI
35 e 5 JEEl sl (b oz o3 a5
oF oF

iU, /=00 )
ot OX.

Slbons dshe 3 Sl o s B Ll
Wl DTl aiie Sl Jibe S il o
5 Sl J s, Jle F oo ST sl F ot
a5 ol 56 55 a sl 550 Jsbe 0<F 1 S

9] el

©&3de Jdo awtin —Y-Y-Y
o bl s sl e Gasds Sl Az S L
man HSde gladis 3 S i sl w5 uS gl

1 Kronecker delta
2 Turbulent eddy-viscosity

Ol Olge (SaisT (iloannd 82 355 o0 ($ 3L 3D
Gl 3RNG k —& 33 llkul k — & Saasl gladds
48 8 6 g VOF &b 51 0L = 3151 mhaw &l i (3L
Ol Slasein (555 Ol 35,8 sde LT canlsl 3 355

SR O

by wey93lg0-Y
AT Jute V=Y

3l gsae Jus =l o olel ¢l adlas ol s
5 S Cbli= ausingy o ol (5,8 e5lul slacals
sl o e Sl 5355l sle slss sols ]
v.nli_.i..ibﬂ Jdo 558 o osliiul (g goen s Lyl 5 s
Bl A0 Il s e OO LT sl 50 5 s e
33 el e a Ll gTuéme;zJ«Swlju
g5 31U G sl ST Ol s sl e Sl
mas Gl JUS (o e gL WJsb agd 0 gl
YU RO - RV P T S E N
T ol OF i 5 o3 Slsegd O sl JUKS &5 el
s shls Cawspuh JUS Slanl s js ol ds s
(Al Jue s ol e Bl A dsb @y i
S Ll o sl o Sl Ol slaeslss
(V) UK 55 ldkd sy a5 VY0 540 b 0 il
23 Sogme o Bl 3 sl s e AT Je

g;.w\ oL bb‘b QL:.».: a2 VY. &LJL?'

o gl — o G A -l AT s Jss

Rectangular channel
(o]

- 140 cm ,
Fig. 1. Experimental model (a) 3D view (b) cross-section view
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Table 1. Meshing characteristics for numerical models
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Table 2. Effects of the turbulence models for arch 120° and Q=22.6 L/s
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1207and Q=226 12.83 20.41 5.25
L/s
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60° and Q=34 L/s 3.48 4.56 2.40

Table 3. Error values of simulated free surface for different models

Sphin e e Sb 3 0L s sde Ulgea
b s 0L a8 sue SET aalsl s (O ek ) JS)
03 odidy 5 3T o (Shman Sl iS G55 1 sl
R O e
Slp 4 WY sl s e Db 35T e gia
Ol end iomad (el 0dl ool OLAS Cilises 553 slasae
St dde (555 50 s @l 0Lz Sl e sin 5
Sl s ol sdalie LB (V0) IS 55 (Y=)/YYM)
S ol ol e y3 VY0 il Slaelss b sl 3oy e Joe
ol [ S& S Cgea Jde ol s e & £ oy
wla B sl s bl ioledds il ulad ol
GRIB L Ok Ges (s A p edidy e 53 Ol gl
Gos o datoe JUS sl B ahai cpl 5l A ol en
sde il b (V) K8 4w bl fals Ol
OB s e ey fLES G Sl 53 0L 58
Y/ 5555 e L de s Ol Pl S gl S il
el 0 S g e VYVA 55 3 500 L Jue 3 S
Blaal Slrs 55 2l Ko wsl3 Gl L IS 55k
5 o s Sl s STgoda s Shes 5 350 0 JlS
.JJdo 03 A Syseas JUS ps 0L emen
Rl S b SR asls IRl s O mlaw L
Oby &l Spmsade cms 2 po ooy gl 5 58l
3 Ol Bl S s 2l Ko 4l Ol SRl S0
03> Ol 3 ol v byl (il 4 e JUE gl

Sy o9

o 9 b -
23T oo Sl ks -\ -F

Gl Ol sl Tl Gl A Sl (N IS
G G B il s sl e il gladie
Fore ke Goo 3l 0L Hae bl edd s lES s
e Sde Bl s a8 s e SIS SlG B mls S
Tt St G Sl Cead 0 Ol 2l Ko s
Al e 35 4 5 S5 3 Ol s f@ 23 ke
Joe 03 35 S g 03 ey e sl 4
Slawelie JB JS0 & Ol Goe (s 05 oy LSS
andllan cnl 53 35 o Lol s OF a5 b o 20531
- 0 odaline oS 480k Ll ol LIS 5 S alsdy 50
03 ooy« lr Slaoslps ol Ken wsly SRl b ooy
AL Bl s 5 el LSS LS Sson s &
S sl Sa nad e gaS ek ul Sl Sk w4l
5% 5l a5 Sl a3 VY0 Sl s g g3 iy
ALl s e s Gl S s i S
Tl S & il JUS 53 0L Ges (ol Sen a gl
2 3ghen Ll oS e sy 5 XS 0 S > sl )
o 2l Ko asly Gl L dagledle mls Ll
Sl 0> bl ShIBl Gl JUS 53 O mhan ¢ sl
Cands 53 ) e e g by O s o iy
o o Sl ST SIS S s el s Ve ke
o e WY asl b e il S s

ﬁ)fﬂ le.e;." L QLLJD- Jj)ﬁ She cA;JLkA U'l\ L C,..A‘ ol

1 Rooster tail



odes Loy ol ) g sde aabls e Mg e gladae 1 2kt 5 ool s S

I T SV I e ;UTCJML;@MQ\,:;.AJS\.:

Fig. 8. 3D variation of free surface flow (a) 0° (b) 60° (c) 90° (d) 120°
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Abstract:

Generally, spillways are provided for the storage to release excess flood water, which cannot be
contained in the allotted storage space. Also, spillway weirs are used to bypass the flow released
into the system like irrigation canals, power canals, feeder canals, link canals, etc. In general, the
excess flow is drawn from the top of the pool created by the dam and conveyed through a non-
natural waterway, that is, a spillway, back into the same river or some other drainage channel. Due
to the topography of the study area, sometimes we have to build the dam with axis arch; therefore if
you use a ogee spillway in such cases, the conditions flow will change and because of this, in the
dam upstream with central arc structural and hydraulic conditions are more suitable. In this study,
the flow field over thw ogee spillways in axial arc condition was simulated using FLOW-3D
software. In the FLOW-3D model, the Navier-Stokes and continuity equations were discretized
using the finite difference method. Also, the computational domain was divided into a mesh of
rectangular cells. All variables (except for velocity values) were placed at the center of the
computational cells (staggered grid arrangement). To solve the governing equations, control
volumes were defined around each dependent variable. The surface fluxes, body forces and surface
stresses were computed in terms of surrounding variables. Most terms in the governing equations
were explicitly evaluated. To solve the flow field of a non-compressible fluid, the continuity and
the Navier-Stocks equations were solved. On the other hand, to validate the numerical results, the
experimental measurements that were performed in Soil Conservation and Watershed Management
Research Institute at reservoir with dimensions 1.4 m length, 0.30 m width and 0.18 m height. The
experimental model was made of plexiglas plates which was a model of prototype at the scale of
1:75. Moreover, to measure the flow discharge, a sharp triangular weir with apex angle of 90° in the
output of channel was used. For numerical model, the flow field turbulence was modeled using the
k — e standard and the RNG « - - turbulence model. According to numerical model results, the
k — = RNG turbulence model had more accuracy than the k — - standard turbulence model. Also,
variations of flow free surface reconstructed using volume of fluid (VOF) scheme. Then, the effects
of the side symmetrical walls of ogee spillway were examined for models 60° 90° and 120° in
discharges 34, 34 and 22.6 lit/s, respectively. The applied boundary conditions were chosen
according to the physical model. Therefore, the depth and discharge specific values were chosen for
inlet boundary condition. At the outlet boundary condition, the outlet boundary condition was used.
All the solid walls of the model were defined as the “Wall” boundary condition. Also, a symmetry
plane was defined at the top layer of the computation field. According to numerical results, the
acceptable agreement was obtained between numerical results and experimental measurements. For
example, the relative error percent of longitudinal profiles of flow free surface were computaed
12.83, 13.60 and 3.48 percentage for cases 120° 90° and 60°, respectively. Also with increasing
angle of axial arc, the height of rooster tail increased significantly. In addition, by increasing Froude
number, the height of rooster tail reduced.

Keywords: Ogee spillway, Axis arch, Numerical simulation, FLOW-3D.
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