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Design Considerations

Cavitation index

(2
No need to protect against >1.8
cavitation.
The flow level can be protected by 0.25-1.8
modifying the level (irregularity
correction)
Design correction (for example, 0.17-0.25
increasing the curvature of the
boundaries)
Protecting by Air Galleries or 0.12-0.17
Stairs
The surface can not be protected <0.12

and requires a new design

Table .1. Design Criteria for preventing cavitation damage

[7]



\YaA JL»/O a)u/r.héj‘}} 09

rote Olpes (pdige (2055 — (el alns

Ax . - - A
)'\( )w sl s d‘y@b S5l e ij:w\h.‘u

Ipp a8 gl 238 5o JUS S gb s o U
SrSIp ol 5 S o 0L L Ol )l gl
(7 S8 55 ST b
Developi
o :;:ram}i Energy head
~ layer ‘Pointof | | 3 feservoir
incivient g, | Hp

he self-

~ 2 Spillway crest
....... - aeration 7
{ o~ N I level

— .

Chute surface
N N level

Fig. 2. Position of the starting point of airing [13].

wl O‘J@j}: Loy g5m aY ey sl SVl
:Jﬁdﬂb‘)u‘ M‘J‘)J M}MJV?:M&&LM‘&M
[31Bauer (1954) laws 55 ol a1l alsles

9 0.0447(B%y 013t ©
Ax k,
3 s 13]wood etal. (1983) Lo 5 ol a1 dsles
0 Ax k ®)
——=0.0212(=—)"" (=)*"*
(HS) (Ax)
:[13] Ferrando & Rico (2002) lew &5 ol a1, dsles
q F ()
Ax =
(0.05642kf'°56(sin a)"'“)
F = (1.46443k"" (sin ¢)**"7)"! )
:[3] Hager & Blaser (1997) law 55 s sl alsles
Ax v

— 16(Sina)- 0.60 (/2_5)- 0.08

c c

Ol e he canle Jolan (g5 ke WL lails; 3
Sl e Crd 0 AX 5 (55,0 Y Culss 0l o
Al sl @5 aY Calsis b ply Ol Ges O 3 S
e 3l O (1) UK s Lozl
$lsn Shle DL ST mlan 1ol 315 gl gn ansls
Ll 55 o okl ol 5y gl S glaaY o 1, B
Ol ST Cdablonn O ol 51 (Slacaml 5115 = sha o
o sl SIL 5 dals B 1T e 5les sl gl
3 Faman ssb ol e Ol8 e Al ol 5 e 0l pled

Vo

V800 315) e YV 5 (reVEYY 315) e VN0 sl adkuols o

el 0l A 5y e el I (e

Qb G5 lgn -V-Y

o bodaslpn oboa bl Gk 5l o ivae S0 4 se
S glabs oyl cwsVU s Yo ce e Loslall
ol s 3l tie Bl bl s WS e O gely S
g e SIYL G b a0l 2 05 S e b Ll
e 5 03,8 S, 8T o S alie Ol Kipd e sl
dady Gl 0L s aY 53 eseae 5 See ol
O K8

S[¥] 1sn w‘uwﬁgtﬁ Rt
Air

flow

Air

Fig. 1. Aerator and air supply systems [3]

LS o o sk e SO O 0L S5

3 a3 Al s 4 Ol 5l ke 5
Rl o3 LS o Iy s Ol ST e 4 5 e
wdls phs o b Sl Llg e 950 Y (65, 0Ll
a=U ol s Sl g eop ol (55,0 Y Josm ad 3L
o g O N c}a.ﬂ . &J"LAL;;AJT olon 4 S
abi oS abd cpl s pul ol sl & e (5,51
a0 =l byl o pd e edal e (5,518 g0
Sl e o o 4 B XS e by B8 el
j;)l;)\fé.uct{)‘\ g3 ahols 5 aais -l il glads
Sop S e3lul a4 Ll oy e c]a_ﬂ Sy glace
OB G Olpe a4 [12] 558 OsmlislS e 5 A3
Sor w85 0 pa 0 ol e b reb 6,550
Ob o w12 2505 Sl ooy Qb mhaw 4 5 4l ane s
laals S @55l 03 rie 5 ksl Obx w3y by s



C)b&wﬁj&j.ﬁ LSJ‘L"’-' Oles|

Cogd e stdjlul}awwlé&xdqﬁé\@\)wj

Gas b5 Clo G sd 655 busie gl Bl (L
o Sl B Olie & ol 4 pas (555 bgle OL >
53 S5 e § SNl g edalie Ol )3 skl e (gl
Lo glpn Chle nd SVolas o Sage S Gl 5
Hager 355 o 4l (Cp) sbos lsa hile 5 Cony ot 55
alaly Straub & Anderson (1958) (slacsls 3l eslaxwl L (1991)

216 5177 5 a5
e1%0 (GIA)
C, = 0.65sma 40 L at U (\J—/\>

b g cble (o 25 gl 1y 5 4dasl, Anderson (1965)

13158 sty 0l >
1 hog @)
— ¢+ Cdh

h99 H

0
Ipa chle oS Gbr Of mhae oYL asho OF s S

C=

(Coon) JSs & 15 OF 015 oo 5 555 g0 o 5 ool C=99%
sl il
cb..ﬂ L g gl clle o5 5 5 ool Hager (1991)
L) adaly 5 conl & ol Sl b L8 0L sl
235177 5l slgniey
()
Straub  _al&ile3T Leesls 5l eslizal L Chanson (1993)

Cyo, = 0.75(sina)’”

Aivazyan (1987) _Jlhwe slacsls 5 & Anderson (1958)
3

)

Straub & Anderson (glaesls 3l eslewl L Wood (1983)

Cyp, = U.Ysina ot 55U

c,kl.'a@)'j: Syl i A o g4kl Cian (1987) 5(1958)

235 18] 5l wlyl el 25 Ob > 4l 5 lgn

C(2)= (Ov)

ﬂ+ e ycosaZgO

« Zoo=h/heg Lo 5 s Coos 31 b yeosa 5 B

Sl 55 0L a4l o b st gl ClE O re 5 S

A8 5w s Lol asls 13 5 Laeslea 1 eslixal L
L1413 503 3,05 Ok r @ oo Sl Syl 2

sk s S Bl Sl eslsa 65 0L o (A8
ol ol esls OLES (V) Jg.& B v.:.&; Lv 9

)L.’L‘BQ\ﬁ:ifh;.ﬂug‘},&b})}f}c}&coa‘}hd));}kﬂf\}: sz.ft
[3] e ls dale

Approach

reglon Transition
'

/  Aeration

region
uppsr @
~—y H 7
3 Qair /  Impact

inlet / region
Qair ' :
ds—aer;hon
Air recireulation Qair

va

in the cavity

Qair
Detail of the asrator

-t
g T

Fig. 3. Areas of flow on aerator, Air entry mechanism, Display
the pressure changes, Concentration of air [3].

S ol ol sy el 0L 3, 4l
ab Uy edd gy, o o0 sbml S 55 LS o i
Sl (o 3,55 5 O 3l e alsl s ol OL
e e L5 0SS 6 e L DLl S 51 L5 5 e
33 5 o3ld & ol Sl n SLis OLsl S 5l i oS
0Ll sy oo b Sl s LSS 55 0 olg
odd odalie b5 (glan =g 2 s o) 4l po 0l Sl
G Sl Ol 4l s el 0L mhw o
S 4 5035 i gl pa S 055 5 s e
Ly blots oslpn Caninly 5 gos Aol 5ol
17 515]

lan cdals —Y-¥
I 5 0L, 4l jo 1gn Chale 4 by o oS (slaesls

213 3 gmy dalate OL x5 (S 1sn po b dhad o aan s



\YaA Jl.w/o OJLAA:/P.AJ).‘}; 09

rote Olpes (pdige (2055 — (el alns

Ll Ll el @ 3L cosd Jsb s cd S

(6 455

[B1 53653 Ol Sosdn 5 aesl s Copad g (pnd 0SS

_0>0,°%%
r— <0, —
'
Q\% ' ' Surface aeration
i -5-\\. “w
e

Rl Do Air outlet
Aerator of chute "”")i»‘-?,,f;_i;;g"": e j
(%) ::' istance of ey bh";""’"-—.z‘ m——,
4 2srators i s
6 0 ] c}ﬂnn':ua\‘ol".. . "—:n,’
L

x("('mnl S—
Asrator 1 Asrator 2 x

—e

Fig. 5. Location of aerators and hydraulic two-phase flow [3].

Ol Camdge 5 e edalie WU IS 55 &S &S 0kes
o353 o3l pn alols .ol O gl sl £ 50 sl i ol ga
ol (Ko 25 Jelse 4
Jl ol 4a g;,wu:ml.’g Qliﬂ 5l el C)lﬁ- slsa Q\J'.:,a—\
;UIC\M,-\ 0L ek (5,51 aY

Db e a4 Ol mlaw Sledd 55l lse Y yons
Ll i @ boesles sl &8 el 5L s e
2 e nlin OIS 53 Ol g8 s SIS 58

4ol Ol o i sl Sl Ol ks s e L
S1F e Shz 03 35750 Gl S e Gand 03l pa 2
5ol 5l (20 Sl d gl o 5 0l3 b 52k
Sl Sl it s apde bols 048
Dl 5l g assils 3L 5l cdas o RS sl 5
ol 555 0L 2 35l 1m0l 58 51 (6 S Sl g 05V
Dy Sl G Glasslms Ll g edd Ol OAS me
soor) ) s el olaBl Bl 4 &S 25 3 o
ol 3V S S sl S e lea Chale @S e
S Ojypo slaiash ol Cusal Bl O senly 5l sla
ol Slailesl 4 Ol o 5 035 Sl Sl a3 al 53
s o3 305 o, L3I Pfister (2007)  Kramer (2004) law 55 o

\4%

pa chle o Lia b s Obr odd da Ly Ges
Loy Chle oS das e Ol B8 (gadal,y . LSL C=90%
(oo b CewndVL v 4 162G 0L o 4l s 1sa
Lis 5 sl Saww O ol 5 s (g5 03,2 3de
S Ols oo 1y yeosa 5 B pslis .ol S b 51 b
Sy aM%J&i@QﬁQ.;FC\@l(i)J&i
st I 5 s ki SR i et BB S

e

slead ¢l ool o 0L 4l s e e &is b Jss
31 W/hO0 O = s das o Ges 5 s alzss

anglea| C |ycosa| g
0715 | 150 L
S o. |oss | 10 | 1350
a 0 o618 | 230 | 0504
Loy |oseo | 265 [ o
ol 3.80 0202
12| a3- |E0F 202 | oossse
015 0302 . 0855
15 0245 | 550 | 00247
- 0137 | 505 0.00105

06 08 10

Air concentration.c

Fig. 4. Distribution of air concentration in the uniform flow
region for different slopes of the chute and the flow depth h/h90

[3].

3557 1 3 g wheo B 0L 2 Sl a5 5 (0) ISS

2 e CBle s L) 5 s mhw 4 0L o
Ol 5l e g Wl Galnly s 0L 0T Uk
3,15 (S 35T o 316 3515 (S15n 4 pitene 5 5b o
U 55 OF Ol 4 0L (slsn wlale Olsn S Sl b
0L Saidl s ead 55 glen OF 55 a8 dslaze 0L >
b ol 53 Bl pd o Rl O 51 s> sl b

3 Ao 3 e Ol (Co) Gl lpm ke



C)b&wﬁj&ij.ﬁ LSJ‘L"’-' Oles|

5 3y stdjl o3lsn bbb wd S (Gladaly ann g

O o o s o o Isb 5l (a0 Ol w0 g lsa e A IS
18

((x/Ljet)-1) (h0/Ljet) “0.125

Fig. 6. Bed air concentration as a function of dimensionless
jump over the jet flow

e Sl s o ol 5 s cpl Sheslinal b ol ol

gl ol 2 Ol e 1y Lsa ke Bl Ol pe s15T
crl 6l 20 o e3lgm (555 51 OT 2 sk 5 OL
Ol Ll i bl 5 (WY 53 Ll 51 5 Jsb skt
Olyee (V0) alaly 51 eslial U 5 ol cpond o3lpn aclin

sl °~L~;Jw-3’-:dj‘ c)l}A CMAJJﬁLi ‘ﬁ&hl&&\]xxﬁ

Qb oo g Jeb-£-Y
ol el OL 2 x5 b e sl 3L Slallas
S dsb 5 b 0L 4 el sl lsa Ol 5 ol

Pfister . Kokpmar & Gogiis (2002) ..clails oL >~

e R e R O

EEAEE Ul

I
0£¢9£945,0 £ tana, £ 1.25 v
0.00684£ A,/ A4, £ 1
n, VoA ov)
0< L, /hy<50
1 ' , OA)
L, =V,(cosp)+ Eg(sm a,)t
. n “IA)
t= w[H \/1+ 2(t, + zx)g(cosa.—zf”’)]
g(cosa, + Py) (V, sin ¢) (i
(=)

[ = 2t
g(cosa, + P)

YA

Spbip sy CHES b b 0 OF Gas fpmes
S 4 0L o 3,5 Sl ey e Gl B O kS
&y o 4 Pfister (2007) 5 Kramer (2004) Lo 5 &5

(el 0l ol (VE 5 VY Laly,

Uyun v - - svu =

5£ Fr£ 12, Sina, £ 50%

Jet s

1£x/L,£3

oy
n=-1- (1.5sina,)’ &

1€ x/L,, £3
m= 0.5- (1.5sina,)’

w3l gn sV s (gl g Cale aaseiin Cro YU ¥sles s
4L 55 0L 2 Gee ho 5 O o a0k salols Xoo™x/hoou
90% ) e 53 Iy il o e b i 31 15 0L >
218) salolan 5 aly slaoslsn (gl (CHFYE) gelslae ol (A2
19 5207 el ay ol 03l pm (51 (o

A0Sl ol o eals VYo Slaslinad U o ol o
o 8 sl Pfister (2007) Lo 5 a5 S &) pn ialos]
2P s Ao e LA Ll 8 Lo DL Sl s 2
Cor (o dn o Jsb 3l Al Olse 4 R>0.84 Sien
LS sl ol )l s S5 o Sl esliad L 0L
2 baeslsn o bl a3 Wl nbie 35 5 (Sba
5y ealid e glsn Sl Ol ps e ol

o e

(Vo)

\Y)



\YaA JL»/C o)u/r.ﬁéjj} 09

oe Oles (pudige (Las5 = ele dlore

Froude Water

number Velocity(m/s) depth(m) Q(m?/s)
7.04 23.44 1.13 500
6.58 24.12 1.37 800
6.52 25.57 1.57 1000
6.23 26.20 1.8 1226
5.97 27.30 2.13 1545
5.57 28.13 2.6 1800

Table. 2. Discharge and the depth of the flow before the first
aerators

5ol analoes 353 sde 4 Sl Ob o S ok A Jsb A IS

W ey,

Nondimensional Water Jet Length

25 16 Kokpinar & Gogus (2002)
22 X Pfister (2007)
219 - o X
S Ox
16 - o X
13 - b4
®
10 T T T 1
5.5 6 6.5 7 75
Froude Number

Fig. 8. Dimensionless length of the flow jet Relative to Froude
number calculated from equations 16 and 17
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using the relationship of 15
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500 50.55 45.08
800 51.46 4733
1000 55.48 51.49
1226 56.57 53.61
1545 59.01 57.19
1800 60.16 60.26

Table. 3. The distance between the first and second aerator of
Azad dam according to Concentration of air 0.01
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Abstract

The increase of population and demand for water, agriculture and energy cause rapid increase construction of
the dam has been. Moreover, the increase of dam height to increase storage and estimate the need for water
cause increase the velocity of water over the spillway has been. Spillways, chutes and bottom outlets are
important hydraulic structures for dam safety. Due to high velocities combined with low pressures, cavitation
damages may occur on chute bottom and cause major damages or endanger the dam stability. Damage
experience for flows in spillway tunnels and chutes indicates that damage becomes significant when water
velocities exceed 30m/s, this velocity or head can be considered as the borderline for high velocity or high
head flows. Introducing air to high-speed flow is necessary to prevent pressure reduction and its events such
as cavitation. It is possible to protect spillway surfaces from cavitation damages using aerator devices. Usually,
the air entering the flow is not reached to the bed chute. It is necessary to install the first aerated according to
topographic conditions and cavitation index at the appropriate location. By determining the process of
changing the air concentration of the bed, the distance between the two aerators can be determined. The air in
the flow causes the compression and damping that cause Bursting bubbles. In result, the damage caused by
cavitation is reduced. So cavitation investigations will be necessary and need to reduce and prevent cavitation
damages. The length of the flow jet has a fundamental role in determining the distance between two aerators.
With increases the length of the jump, the contact surface of the upper and lower layers of the jet is in more
contact with the air and affects the amount of air entering the flow. The absorbed air is removed from the flow
after the Jet collision. By determining the minimum concentration of air in the bed, an optimal distance
between the two aerations can be selected to prevent cavitation damage. Select the minimum air concentration
of bed is based on the relationship provided by Wood (1983). It means that the concentration of average air in
the stream is higher, which causes the flow of bulking and requires taller walls for the sides of the shut Which
is not economically feasible. The variation in the air concentration of the bed can only be considered as a
function of the length of the jump flow and the upstream heights. Creating a suitable duct for providing A
negative cavity pressure Lead to better performance that causes increases the distance between aeration. So
use of aerators in suitable places and the entrance of air to water flow is a most effective way to reduce this
damage, therefore in this study, an equation has been derived to estimate the distance between two aerators
base on 1200 data of 90 experiments with R? more than 0.84. Results of the present study with distance aerators
of the Azad dam based on the minimum air concentration of bed have been compared and investigated.

Keywords: Aecrator, chute overflow, Cavitation Damages, Bottom Air Concentration.
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