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Fig. 2. Schematic diagram of cavitation occurrence
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Fig. 1. Sample of morning glory spillway

SFbe 5 e S S e S gl
5 NI SELS b e e S sl
Sl $o3 5 5 o3V (il e OT L oS Sl st
Al e el L Gl (She &S Sl b
355 esle IS o A Lol Llg e amd 5o 5 35l
o 03 S g il O aladised Sl Ol S
Eo) 0 5 sk Dosse Slnsl QoS8 sl
J1] ol osls
sladw Sl ol 53 Lo oy Ol S e
03 Sl B e 80 B Ve S i W S s e s
SSen S 33 sy alaslseal Ypens e
(2l glaiy g sladdy sl andia Sl A6l
Lol el cpl il o slrl Cad by ad e et
53 Py oL o dd Al Loeljas O ol o e
OseelislS (V) JS3 Gillee 55000 Lagsslpenl oy

1 Glen canyon
2 Blue Mesa
3 Hoover

4 Yellowtail



YA JL.«/\ A)Lo.i/v.hé)'j} 093

oo Ol jes pwdige g — ode doe

b 49y 9 3l =Y
SRS o 3 Soss Ol e ol sl
Slsle s S olble 5 pl Al esliud FIOWBD il 5l
ISl Slabee SVl Sals s 3 658 Sl
(S gladdes Gl e s ol sdes glac LB
VOF 255 b sl mhaee b gla0l 2 035 Jde ol
Sebiee slad e 5l I S8 S 5 Flow3D el
ohi s oLl Wy sl ol Gbls &S AS e eslind
L a8 ol ade ileand 4 DA s sl b
Obr oS il ool glamt dadls o b o S
5 S bl S bos s il oS Je S
S Slanie WBan glaysme S 3 page il wn

Lgd oo Ol Led byme Sgiak 5ol OVslae 4

[10]
6p+au+6v+aw_0 N
at ox dy 0z
aui n aui n aui n aui
ot "%ax Ty TV oz
1dp Odg
" oo ox, ®

u 0%u; N 0%y, N 0%y,
dx?  0y? 0z2

p
(Sl Bl Jgb (Saasl e s 5 Flow3D Sl 5éle
sbals § gileans Jie s RNG k-0 k-g (sldslas
RNG Ju. LLS:A—.:'T Sldds o 5 LS e eslinal S5
Lok 3 Kl cody Ul S S bl
53 dde Gl SE s e a4 ls R 2D A
Shae b bl gl gladls 55 0L~ g5l
o5 oml 53 cpl by J10] 355 e eslanal iy el
Jbe 31 eglosl s 5w wxisl O > iledde gl
- LS Sl bagiluand aen .ol ol o3zl RNG
1x10° om Sl3dle 5 ety a5 Jlaie Sl ediladl 45 5

3y ufv‘)f )‘P‘rﬁ by (.Sls Ob o lal s 5 xS

Soe Jowo b b3l Swys Y
Lookd ale gode Jue JLLU'T&;N): ke«

S A 3 odd arle S5d Jue 5 Flow3D sl s

L b 56,8 o gla,aly Sl /Y B v/ s ST
S eSS 815 il s os e e3len ol 5 350 dlesl
[2] 555 >k osbss b s s Al /)
3305 S Sl 4 ((Y018) OISs 5 Kl
DGl il 5 Il s b s kS s e
o (V) e 4] s, Oselusls g ad
LooGisks o 2 0L ode gl
55 OYA) Wl 5 e [5] <ls . AnsysFluent
sl 5 Ak Glas e (ST s Slas slaallas
Slae, [6] Lo wpn sode iledde absa
O S5 w8 Gos 5 o gl kb BHENQACAD
Sl s ot 5 AR Chse 4 ) Ol
S s (YN Slag 5 el fel [7] sls)1 3
sy o3 Mk e aSelhl 5 Ok Ol
[8] wetls 5y (s 55k

frose oenl @S el Sllas 4 oaxg L
Sl Sl Gasla 5 pdgs a5 O sl 58
s sla S5y 5 0wl Caale W 4 g3k
R T B L ]
Ghols oS b i 5l S Ksd e osems O seililS
SAMS o 25 Sl wnes s ok Lol
OL = YL Cw)\ 5 e 3y o4 oS
[9] ol 3l 0T s sbol 513U lias ol 5 Saslis
o 03 Ol sl anlllas Jinssy pl 5o )k es 4
Sles b esleal bgade giludide SST L (55
a5 S ol Slasls 5l Sl ol ¢lxil Flow3D
o2l 2l e Sk Jl s s a0
0345 ax s Sype JS e tasn 53 &5 Sl Ol
ook Wbe gy ,m ol (Sdaodes s sl El el
alises L;Laclz..i 5 0L e s o gl e
§53 ALl g 5 35 13 bl 2550 e85
ol o s Ol a8 Ll aalome b O el 518
Be 8’”‘" ey 6}.35;! Loy Sl odd e pomen
5 Gy 5 3051 O o S e s Ol

Bys e g



[)‘JKM E) dl.w;-l Los

O}r‘ti)lséjgs‘)iiﬁ@j\j éa.&ﬁjl] 3o oy

o SRate sk 4 g5 Ll 5 il slaSHL 8 S
SAk
e sl 5L
Mesh Block 1

Mesh Block 3
7 Mesh Block 2

X Y

a. Different blocks
Vskss el

Specified Pressure

b. Boundary condition in Block 1

Vs bl
Symmetry

Wall Wall

Wall Symmetry

Wall

¢. Boundary condition in Block 2

Y Sk e it
Symmetry
Wall Wall

d. Boundary condition in Block 3
Fig. 4. Different blocks and Boundary condition for meshing
at morning glory spillway

Conl odd jaseie (8) K3 55 oS 5,8 Ol s
s e Se S5k e s o il el
Kin Jold Loy gme oo Cogr @ a5 b 48 2505 25
S ol S5 w3 ol Zinax 5 Zimin Yimax Ymin Xnax
i Al Sysar S s s Slasiie ol 4dS
Giltie oprs 5> iy i Slasis dpd e

Lledd 45‘)‘ (i) Jg..i 9 (\) J)J:- B LS'L"’Q:"‘ 6\.&6)14

A ealizad ol antle Ol Slidss dwio 55 45 5,1 A
SR es s el s e awde [11]
Jixe Flow3D Ssle s as g 5 4 lo SolidWorks2013
RS (5 @B i b e ) s els oS aa
03 eddale awdia Slasde ol B [y 5l s

el s &1 (F) IS

Sl A 63k e S Je Slasiin X IS

Fig. 3. Specifications of the Alborz morning glory spillway
model

x5 pdUaS1 S sl 5 SBSS S 4 0L~
3ol maw i 6l FIOW3D Si5dle 5 .ol o
Slr s ol se S e edlid Tl S e
oS hied ihas D soa oS 0L mhe glad sl
DL ol S ol (S ol S spdpe ks
Jshe a8 ol oplsdnsOlis OF (gl S lis 45 das o
Sl opl skiasolis O o Jldde 5 eds O
CoaS ) Oosr pshae byl s Jsle s Il
J Ol sladshe Ola 53 OF asly 5 55T o Jome
ol SBdas 53 pman el a3 BB 5l 5 by
g 3 (G2 05 Ll 13) NO-SHip Lol 5 51 (G
Jhe gauaslis gl J10] ool ol oslanad Hlas b wlas
(1) S5 53 &S shiles gyiski py,m e asls
oplod S5k s eslizad g ie S LT S Gl i
BB dd g b e ¥ oosled Sob o gb 4 b )
el (Bl B b 5 Y oeled S5k S8
el oS &L (E) IS 53 Jde (gl S 5k 6 20

6Volume of Fluid (VOF)



YA JL.«/\ A)Lo.i/v.hé)'j} 093

oo Ol jes pwdige g — ode doe

S5k o3 S5 k2 N dsir

Mesh Block 1 Mesh Block 2 Mesh Block 3
Kinin VFR Wall Wall
Ximax VFR Wall Wall
Y min VFR Wall Symmetry
Y max VFR Symmetry Outflow
Zin Symmetry Wall Wall
Zmax Specified Pressure Symmetry Wall
Table 1. Boundary condition in each block
b o3l 4 Cod Jdo mwcnlas Y Jgu
Number of Cells Mesh Block 1 Mesh Block 2 Mesh Block 3
Model 1 250000 200000 100000
Model 2 350000 300000 150000
Model 3 550000 375000 150000
Model 4 625000 475000 200000

Table 2. Sensitivity of the model relative to cell size
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Inlet Discharge (m°/s)

250 600 800 950
T > m T > m T = m 7 = m
@ c 3 @ c 3 @ c 3 ® c 3
Piezometer No. el g E el g s el g E‘i = g i
s § & 2 §§ & £ 8 & 5 §8 &
g g 8 g
1 1.83 15 -18 5.04 3.73 -26 2.04 2.1 3 23.8 20.5 -14
2 2.09 1.83 -12 5.562 6.89 25 3.16 3.67 16 26.9 24.2 -10
3 3.53 2.81 -20 11.2 14.1 25 14.2 16.8 18 30.6 33.6 10
4 13.6 15.4 13 19.8 23.4 18 26.4 25.7 -3 33.3 36 8
5 15.2 16.8 11 23.1 255 10 28.9 29.3 1 335 36.8 10
6 13.8 14.6 5 22.2 23.6 6 30.8 33.2 8 34.4 35.6 3
7 9.93 8.85 -11 22.8 22.2 -2 28.8 26.8 -7 335 31.2 -7
8 9.38 8.41 -10 225 20.8 -7 27 24.4 -9 30.6 27 -12
9 9.37 9.08 -3 18.2 17 -6 23.7 224 -6 26.9 24.2 -10
10 6.62 5.85 -12 13.3 13 -2 18.4 20.8 13 21.1 19.4 -8

Table 3. Comparison of numerical and experimental results of the pressure at bottem of elbow

alies gl ey s S}l)@):ﬂwﬂ)LBMf@iujijL;:x @Lﬂ awslio & J gl

Inlet Discharge (m%/s)

250 600 800 950
@ pd Y zZ Y z X zZ m
3 £ 3 E 3 E 3 E &
PiezometerNo. 5 3 S & 3§ a 3 a 2
= 8 2 B 2 B 2z & £
g g £ £
1 - - - - - 9.28 881 -5
2 - - 9.43 8.95 -5
3 - - - - - - 9.14 9.32 2
4 - - - - - 853 951 11
5 - - - - - - 658 108 64
6 - - - - .- 485 915 101
7 - - e -
8 - - - - - - - 8.9 -
9 - - - - - - - 8.43 -

Table 4. Comparison of numerical and experimental results of the pressure at roof of elbow

;Ll::mbgud.rb L;‘J" ;51)") 63 gl>=s 43 g):“l:wlSdpLz .0 d}.\’-

Inlet Discharge (m%/s)

Piezometer No. 250 600 800 950 floor 950 roof
1 0.05 0.11 0.13 0.83 0.56
2 0.06 0.20 0.21 0.98 0.48
3 0.11 0.55 1.16 1.12 0.51
4 1.16 1.02 1.24 1.24 0.49
5 1.07 1.15 141 1.48 0.41
6 0.86 0.70 1.83 1.16 0.35
7 0.50 0.59 1.22 0.80 0.27
8 0.36 0.49 0.78 0.51 0.22
9 0.34 0.38 0.61 0.35 0.19
10 0.19 0.29 0.51 0.21 -

Table 5. Cavitation index at elbow for different discharge
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Fig. 7. Cavitation index and critical index in the elbow
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Fig. 8. Changes in the pressure in the elbow at different discharge and different radius of elbow
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R=325m R=35m R=4m R=425m
Q=250 m%s 5.84 2.90 -6.75 -14.15
Q=600 m%s 10.54 6.22 -7.15 -13.56
Q=800 m%s -13.14 -8.72 9.38 14.25
Q=900 m*/s Bottom  -7.66 -0.69 10.17 13.54
Q=250 m%s Roof -20.35 -9.16 9.43 15.35

Table 6. Pressure Variation (%) in the elbow for different
radius based on initial radius (3.75 m)
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Fig. 9. Changes in the cavitation index in the elbow at different discharge and different radius of elbow
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Abstract:

Morning glory spillway is one of the most susceptible cases for the occurrence of the cavitation phenomena.
At the entrance of the spillway, the junction location of the funnel entrance, the vertical shaft and within the
elbow, cavitation is expected. In the present study, the flow characteristics included the inlet and outlet
discharge and the velocity and pressure close to the elbow walls were calculated for Alborz dam spillway by
using of Flow3D software and the results were compared with the experimental data. The experimental data
has been presented by water research institude. The VOF method was used to simulate the flow surface and
the RNG turbulence model was used for flow turbulence simulation. The comparison of the numerical model
results and the experimental data showed the good agreement between them. Also, the occurrence
probability of the cavitation in various parts of the morning glory spillway was investigated using of the
cavitation index. The results showed, the maximum pressure head in different discharges and for different
elbow radius, have been located in median of piezometer in the bottem of elbow. Therefore, the cavitation
index for these areas is more than the other points. The points of the entry to the elbow and the end points are
the most probable points for the probability of the occurrence of the cavitation due to geometric changes that
cause the change of direction to flow. As a result, it is suggested that, if possible, the curvature changes in
the entrance area from the vertical shaft to the elbow and also from the elbow to the horizontal tunnel
gradually. In different discharge and different radius of the elbow, the cavitation index for bottem of the
elbow will increase as a result of dynamic impacts on the bottem of the elbow, but the cavitation index,
toward to the end of the curvature, will be lower due to the contraction end of the cross section. The results
showed that radius change of the elbow due to considerable effect on the flow field, has the significant effect
on the occurrence probability of the cavitation. The radius change of the elbow has the different results for
the submerged flow and free surface regimes. In the free flow regime, by increasing the radius of the elbow,
the occurrence probability of the cavitation will increase, and in the submerged flow regime, by increasing
the radius of the elbow, the occurrence probability of the cavitation will decrease. It was also determined that
in the free flow regime, the momentum is the dominant mechanism and in the submerged flow regime, the
energy parameter is the dominant mechanism. Also, increasing the radius of the elbow will improve the
performance of the elbow roof in terms of the cavitation phenomenon. consequently, it is suggested, as
usually morning glory spillway is designed for the free flow regime, this spillway to be designed with a
smaller radius. Also, by increasing of the discharge in these spillways, the cavitation index increases and the
occurrence probability of the cavitation decreases.

Keywords: Morning Glory Spillway, Physical Model, Numerical Model, Hydraulic Parameter, Cavitation

13





