ska/71E7 Ak

ainin4 10} J81e A

1908l /3% m]=+2] Roosevelt Holtt, o2zt
Ao =& viR slFRofl 3713 (air vent)S A
Asto] 715 sackLEA g E us 4 ek
HeAA (F Ao A 9] F5al Tt &
Q7] TS A= F2 2 5ol st
of At7F we R Lo (Aydin, 2002), -7
Uete] A8 A ep 22 w2 S=feo] gk ¢

72 g,
| o
oo B o Selurie) A4 vj%0) B Fiat
2214 3717 HAVe dhstel 2o ko
= A2 AT eltok B Sl BT
1. ME 74 E 4 Qe 5t
@ i A e e
2OR FUEML. AR G, A LW 2 BFHY
AW HRAA S A A G, me By
S} Eelo] olgEIn, Ao R mavES 4 BERACI 48] ghelo] B ol e
Stollis Ro] MATIL) of uf S SRl W 7 ) AR, o] ) B Lol 7|Eh wAH of
9 2 fol MgEhE B7] o] Malol WA |} O AT0R Telbn /T Se| 4
G och, ol ¥R1O] SVl el WA R Aol FI SEeh e Edspy Heh, o] 1) B
G, 2RO % W Al tet AMEG, Bhel 2 A7 FES A U8 Hol 494 Het, 3
Aujerelo] B9 270K Wel bl B BEE SRS AU 520 wel BEol /13
Aol MR H, 48 9 Aol Glete] AR FRF AL TEEMl FRuuold Byt
Ao WS F 4 900 BHE A4 (pitting 1,000 719Hhe] eS| & F2lo] whaysi of
So@ o] ol 4 9, Aol A% %aazw WA o] £
FEAYOR Tl GO Wel A WA o AT oA TRl SR 7 Ao

VOL. 44 NO. 3 2011.3 59



Q
=
(]
=
=
o
1
-
=
=t
=
=
o

Sta/71E7|A

e Qlck mebA AAAle] FEAAo R olgh
W4 (pitting), B 2150] sl QRS o}

up

o = 2(p—p,)/pu? @
A7IA o= 55 4, pe = S AdirE (7]
A+l =) Qg =), p= = £Y F
719 (7192 =29 ), o= FA1Y U,
ue ol
AR O & F5 27k 00 =W, & = &9 A
tielela S71gte] EA HH 5ol WAtk
Ao g 7Pt ey & &9 §E7kAY Bi
“x o

of el Al dHidtdol =+
Yel7hA) e st
39 12 Y| ey EE RS9

FEUGE HolFa ek, 2 AR e
e L 4O FHo| WATH et 4
B st Al Wzielo] Helo] jste] fidol

P

: V

¢

2

3

gl N~ caviation sussLES

&P DAMAGE AREA
Z
S, Qo -
—_— e —_—

i

!

74
A. MILD CAVITATION

©

PRESSURE
el
o
| A
|

LARGE CAVITY DAMAGE AREA

7
E ? .‘:f"i:- —

—_—r— =V, —_—

7
8. EXTENSIVE CAVITATION

O3 1. el 22|m|A EE +ESHRUAS SSEY

(after ASHRAE, 1985)

60 =1t 0|2y

1
o
olN
~N
113
_\:‘_l‘
ﬂﬁ
=
off o™
flo o g XS;
of

e, Qo] o of ol o
7130 ol o] mol A & el £ 3
v 2] 1A M} o shiolAl 18 189k o] wh)

SelA AR FEAY] SelE olF AN
ol PABAL WA a3t 2 Yol
e}

offt
ofll
~
.
o

%
s
-z

olN o
X
>
)
i

©@

12 oft % X 1@ B 4o oo Rl ol

1o g z@ o X met mlo

=2 8%

=
T

HI

ol

3.1 SE9|

Sharma (1976)+= F|5=El'del| sluice 4*to] A
AElo] Q= A9 A B FHE L7060
o} A HAs o] EA A Il F 71 9l
= AR =24 AlQlgttt, T1E 2004 I-1V 7+
A= AFrHE Zs S50l o] o] A3
oA 9 Froude 29t HY (53 2

o (A7)2] vle] Fha=etarl soict, thAl ¥

& B4} aaget Fof Ede] 7154 B



2= Aol oY Aoy
Kalinske and Robertson A& AMHE-
oJ5l Al BEFeE Hol R SEE
v 7] po] BMask} 17 29 2t &
AlsHA Arg st et Ao,

ote)
2~ 0
T
290

f=i=Ke)

g
)
=

-

|
S

I Spray &5 @ 9 %=7F 10 % olek= A&
o 4= o R EEShHE B (et)7F A2 o
A FE R AR B FY] 31E 59
aHA Hrt,

IL A8 &

of ¢

o] )

IV, S ﬂnETOM S5k Rk SHRE A%

= ol

v #»Er Skl £t wAlste] shre 2
2 5% gejolct
o]

E'dol| A& 20| HX|z[o] U= B9
= after Sharma, 1976)

& (KeX)) FeAlE ST 2771

3.249

OH

712k APRIAL

O o™

e ol Bake] gEaA] gAsy] 9}
e AAsle 2718

gl

fe o oy 2

-
= ok
L8

g
OEI mlo
x T
rlo =
o o
— N
T& uju
LT oo
o}m zj
o

£ el sholl 4131
e 3t Hd 4 &
o 9t By E B ETM 4
$713E Gt Aol
ACA 284l
%

Py Mo
o I

¥
o a; ﬂa ofl
"
IF

2 U
do

4

2N

o

ok [

uu)

]o

=
)=y
2hA ﬁfﬂ Eateh
1Ay 5} = *9'-*7] g2 sk A
—4 gk UeEhfaL AFeE 2
5 7HA 9] = Aol & THe] |
t} (Sharma, 1976).

19 32 vlap oA Af-H 559 4
of &8 W& T AWE Kol 9\13

oﬁ;‘, r
_\1
il
Y
—
S
rL
0
k1
_O|_1:

|

I okl
N

O

_YL
H
‘l
N
T
>.,
rlr
o,
—[o
é

2ejgko] -2 Aol wet = e A
ST % S A5} 80 % AEolAG A
of AHe o] H) £aE7]%o] WA A0
= 2AE9l

AR DEMAND

REGULATED QUTLET woRKs
PREMARY AND SECONDATY MAXMA

AR (RN CRATT B8

O3 3. 2 M=ol ME AQF (2| Hat
(0= SZSEH, 1987)

VOL. 44 NO. 3 2011.3 61

i)
-
(]
=
—
o
=
-n
=
=
=
=
@




Q
=
(]
=
=
o
=
n
=
=t
=
=
o

Sta/71E7|A

S R EERET T
719kl ofsto] a7l B7]ake] GO o] ol
. Sharma (9709 SJohe 1 44 32

of gt 2 o2 S,
W AT 5% BN FEAYS WY

3
Ao ) A, e
Fheoltt, AE7HA] WY 4QF7)Ek AR A9
Awrg S ohat et
B = K(EF-1)" 3

A71A Fi= 8 o7 5T oA 9 Froude

=, K& n Alsrolth,

FETGHAA Froude v ths Aoz 4HY

(1) Kalinske and Robertson (1943)

Q,/Q, = 0.0066(F-1)" ®)

= o] WRR s2E 4991 17 29 vElel
s8] Tjgt AR Aot} o5& m4h s
Ago] £087% HEE (F-D9] Feehs AL
upsto] Ao 9] A8 A s

62 S} 0|2

(2) Campbell and Guyton (1953)

Q./Q, = 0.04(F-1°% ©

of AL AAE oA AfAHS T
wolch. o] AlolA] Hh 203
SR A 80 % uf wAsh A
%245 m/s olstelef stk shct. of
eluete Qo] 58 A4A A7

=
)
ol
o
L
N
=
ik

3) vl= S S (1964)

Q./Q, = 0.03(F-1):% )

AE sHpoll A a7t HAYEHA] o W ARE-
st 2t a5 7])o] 2 ZH=7F 80 %Y
sk i olthE 4575 o] F ] St
FEA = 0.8%0 ol tek Alelt), Froude
= oA gholth, A 71§52 45
m/s olsletof ghthal skglek. o] AAH 5
O] Alrell Bldlsh= 28 &AdeF7F S7H8HA &
o F7]¢ e} Fat Fa o] Ffo] A Hrt,

(4) Levin (1965)

o

Q./Q, = KF-1) ®)

o714 Ki= ualAt Bakol gabel ute} 4
AEl Aol

Levin® - a) ko] el wef ol

3

HpaEo] 2= o] ol o K% 0.025~0.045 AA|5

t},

(5) Sharma (1976)

Sharma+ AHF+H &
3t Az} Agwmh %}%’ﬂ S ehulo)A]

3:9.0

n{m
1o
o
Ho
=
e
ottt
=2
Rl
e

i)
o
>~
mlo
E
ok
2
i)

8):Q,/Q, = 0.014F-1** (9)
8) 1 Q,/Q, = 0.04(F-1)"* (10)



2 1Q/Q, = 0.033F-D" (11)
52 :1Q/Q, = 0.024F-DM (12)

(6) Haindl (1984)

Haindl:> Kalinske and Robertson 4]¥} 7Fo]
T opollA ez WSkl 11 sk ol W
T2 E2e 490 " 29 V@A e 5 et
2]

Q./Q, = 0.024(F-1)"* (13)
(1) 371% 434 vl
99 4t ofel 14 AR A A el

1
3L S}, Z1Elo A Kalinske and Robertson 4]
2 =7 sk 1Y 29 V S50l gt Zlo]
AL U A= A S50l gt Aol
S-efufetoll A Afg=x] AA|7|Eol| A A st
+ Campbell and Guyton 4 & 3172
o A9] Froude 47} 5.2 o)/dolH wl=t
o = FA R A2 e g ekt
H]—?H oz LeVIH Al O] 7]—Z]— = /\_Q__TOJ_ I 0 H

)
ofr
=

of —l>
AN 1S oF AN %0

2

Q’% Froude #=of tjsto] A7 S5 (free
surface) T jet spray$l 499 2837
L7h AEl= 4 9-Et 3u) 4l guljo] Actar o)
2t} (Sharma, 1976).

003 1 : 41
| | |
' F ’\

=
Fe - 1 ‘UU
a8 4, of2] 7tX| A2 7|3 M4 A
(modified from Erbisti, 2004)

& (KeX)) FeAlE ST 2771

3.3 371 #42d

n=E5SHe] (1995)= /o ® e
U (penstock)ol A w713 S AS Sfwt
thd o) 0.5 WA 1 %= stckal 3190tk Novak
and Cabelka (1981)= 3-7]32] 27 o] gd 274
o] 1/3~1/5 (FHAL 4~11%) oY F7]HU<l
G248 50 m/s olsletof 3, UWFH o R 45
i ol it i

(Hamdl, 1984; Levm, 1965).
Vo= oo/ po m,\29H, = 28m,\J29H,  (14)
Qa = V;z Sa =28 maSa V Zg}[d (15)

o714 V= BUIEel Yol 94 Q. B

& 0, % e, o 3719 UE, m= 37
O] oy #] HAlo] M2 FEAIR S = 3718
9, g sE/EE, He o8 4 s
7] Het (=)ol

ASHRAE (1985) ¥+ Levin (1965)0] 95}
FEATE ohS Ao St

1.
713o] Zol, di= B7I%e] AAolch &A%
o Alstolt Selst Aol Q= gHES At

o i
o 4= glon] ZpAEH Y82 ASHRAE(1985)0]

VOL. 44 NO. 3 2011.3 63

i)
-
(]
=
—
o
=
-n
=
=
=
=
@




Q
=
(]
=
=
o
1
n
=
=t
=
=
o

Sta/71E7|A

Q.= B.h,\29H an

o7| A B = A SrETHHO| 9o =3
oA o] 428 E b = pEuhyofAe] 424 Hi
FETHo| A ] fa ol

a9 A @0lA Q, = B QelE® 4 (15)9F
(A7) ol A]

28m, .5, \/2gH, = BB,h, \2gH (18)

a*a

B2 20 Gl skl Hefsh

o BB.h, H

%= 28m,, \/;d (19)
B/ AAEAE Felsh ket et
@ 29 M=ot AR FETHoA

o 541 (h)& Atk
@ SEHel o) R4 ()% okt (H =

T+ -h)

® 2] (4)Z Froude 4= (F)& -3t}

@A (5)~13)F AFH Ao 237 FS
AlAlgtct,

® 2719l 473 e Thgatt,
® ©] 7o tsto] e
Fate] 4] (16)0.2 §4

_t:l
=)
[
b
11l
o
>
il

A 19/ ol g3te] B/ 2o
Tt

o Gl sgsk 44e Astel Go
A 7V gl vt

® ol % H7o] 2| ghow @AM A A
A2 olgstel O~@2) TS Wit

4 (152 Q. A3

e
iy
@)
i

64 1} 0|2

O Q& S, &= Wrol 3713 el B4 (V)
AlAksict,
@V 7} 38 7k (90 m/s) ouf 1] shelsict
greF 58 g Bk AW v & A4S 7Hgst
o] ®~@2] 24 vHESiTY,
A (72 b, A2 d) T 37]18e] 9ol

g Hem 5ol Ae el AL,

_ (bd)® Vs 1. (bd)062

d, 1‘3[(b+d)2} 13 a® (20)
£3), AAZY Thue] A9l

d, = 1.093b (21)

7|08 457120 m 9l 514
0] 1.5 m =9|7} 2.0 m o]t} 7]
o et Fgele Lo AR|sh 2
017} 19 m ©]ar, 1740] 90° FEE7} glch 7]
I olto= Ax o] glom o] 27| thHZ
o] oF 10 %2 Aerslc}. o] uf Z7|w AAL et
ofe},

Al > a8 718 ALk Erbisti (2004)9]
S Tt

O #Hdf 28 F7]F 5= 7= 80 %ol o
Jol s==Alae 0.89]
A S 24 h = v .

h,=2.0x08x0.8=128m

wetd fapFe H=3 5% - h, =20 -

1.28=18.72 m
@ 4] (4= Froude & A leie},

ZH [2+ 1872 _
1.28

B4 A (MR 20371F 8-S

N

o

® v
74146&}

Q,/Q, = 0.03(F-1)"* = 0.03(5.41-D'% = 0.145

@ 37149 A4E 0.2 m 2 7P

OH



>

>
i
A oy

® o] 2 7of tisto] mpakEAT} vl EAlA
Tsto] A (16) & FE5AG m =
T oopEEAA S f = 0,012, YA
0.5, EF&4A4 1.0, 240907 &4
1.2, Y 239 (90 % 1) 44
A 2.84

m,= ! = ! = 0.50
\/\4(?}, +f§ \/2.84 +u.mz%

© 5 SHFR R @ (M, 1.0 m)E Aet

1 (

19)5 ol g5l 37| 2athi4 (S)S

o= @of|A] 7} 0.2 me} Hol7} A= R A
AL 0.32 m=z 4243510 B~@ L v}
O M= A mE ==

1 1
m,= = = 0531

\/L(,U+f(—1’ \/284+(i(12%
® 4 (192 olste] /1 £aukA (8)
5 3l

OB.h, [H . _ 0145+ 15+ 128 [18.72 :
= W, V7, T T 28 usal 1 208l

@ o] s sgshs 472 Astel 714
3t ghat ula g,

45, (4«
d= TH = 2« Bsl, ?_‘081 = 0.32m
£ T

ol= 7Hgt 217 0.32 m <t At
Al (15 Q. At
Q,= V,8,= 28m,5, \/29H, =
=28 « 0.531 « 0.081 m= 5.3m%/s

& (KeX)) FeAlE ST 2771

V. 7F 818 2k (90 m/s)olHol 2z 7|3 2]
74 0.32 m& AA3hc},

4. I 1A EAHXE

k=

E

] [e)3

o vlgka ) Rl e el A
W 27 58 %7460 m/s o4 o
W54 fAR Hojol G, vl B
Engineer Manual (EM) No. 1110-2-1602
Hydraulic Design of Reservoir Outlet Works
oA B AAAEE ket o] A
e
@ 42 Frate 49 gsel dxshe 4
Soluh wiroli 37]3he A Astelof Tt
@ 37190l a7l el AHEst 80 %2
Hhge] WATCHL BT B7]0] §48 45
m/s ©|5tz kil At
S o AEAe] 5
AR ) FeFol FsHA| &

Fl[‘ ot okl

2 ob

sfjoF ght.
Aol A Hat-5-45-2 9 m/s olstetof gitt
® ] TR o Ao el 35
SEdhe AL vettt
® 5718 S R A Ho AAHA 37
& 12 3 5 e 2R AAs

VOL. 44 NO. 3 2011.3 65

i)
-
(]
=
—
o
=
-n
=
=
=
=
@




Q
=
(]
=
=
o
1
-
=
=t
=
=
o

Sta/71E7|A

o
°
&

tt,

T + WS Hydraulic Design
Criteria Sheet 050—1 Air Demand °|4&= A4}
2y ol A o 22377 w 7l= 80
RO A WS o] wf ETHOA 9] SEAFE
0.891 Ao& yehba A= A 8 THA
64 %7t ST A o] SETHA o] Eu o] uf
] Froude & 3715 APd o o]-g-stojof ghrfar

spsict.

=
o

shl 98 el 420) 9ol 2y B
64 %7k Eo| Bk Ao Hrf Angy|epo]

A= Ao 83 AASES 451 ),

4.1 &xf 2AIE

1B
o
I
Ut
=]

@
o
o
Fu
o
rir
pacy
o
N
Y
|o
U

A AR, 57
I gro] gtAshaL Qv AAVIEls $71Y
o& Eof Ql=dl o= w7 o] Adsitial
chel,

7k 3718 AAA LAY (AR v

AL ARV A E)
- 571 #Ha A7 10 em o,
- AlPIE Astio] HAsts 371 A= B

FUROR Hots A9 olglofi= Aol

66 =1t 0|2

7 e, A et Aol
URE Q% FEUNS 207 4t glon
2 o] o= o] Stoj= 37|12 Mxstolo}
s

- A5 A9 2R BB B e )
Mah o] A gAEe elZe] 4
ShER o] A9olt A%, 49, LEAR 2l
3 1% 52 33t ol gl shofof dlet,

- 7|2 28| st oF Hc,

U 2% A7 24 AR A
3]

ol

- 283718 AH4S Campbell and Guyton
& & AMgole A Yo st o
AqFE E= 7ROl A9l A8 Al A H 4kl

9] ol 4 i

5. 2%

2 oM 9 (HeA) FHeAde s A
A71Mgel diste] ekl dA vl =523t
Al =%l fevet A& AAV|ES 2ol

¢

o

st o MAVIES AYY 0 Hust @
Aolm, B8 AAAEAA £ Hart o

SH= uhgolth

o x2 &

rE o

%
ol
N
ol
e



& (KeX)) FeAlE ST 2771

g

CEEAR 2002, RN HIAR] Al A) 7] HEH, 692pp.

. ehAldEks] 2005, WA 71, p.416.

CHAR BMOKPERS MESWEER. 1993, itk R R EEHEERGTHERE 472 557pp.

. ASHRAE (American society of heating, refrigerating and air—conditioning engineers). 1985.
ASHRAE Handbook Fundamentals, Chapter 33 Duct design, Appendix B, Fitting loss
coefficients, Atlants, USA,

5. ASCE Committee in hydropower intakes of the Energy Division. 1995. Guidelines for

design of intakes for hydroelectric plants.

6. Aydin, I. 2002, Air demand behind high head gates during emergency closure. J. of
hydraulic research 40(1):83-93.

7. Campbell, F.B. and Guyton, B. 1953, Air demand in gated outlet works, Proceedings of the
5th Congress of the International Association of Hydraulic Research, Minneapolis,
Minnesota, 529-533.

8. Haindl, K. 1984. Aeration at hydraulic structures, in Developments in Hydraulic
Engineering, Vol 2 (BEd. Novak, P.), Elsevier Applied Science, London, UK, pp.113-158.

9. Erbisti, P.C.F. 2004. Design of hydraulic gates. A.A. Balkema Publishers. The Netherlands.
351pp.

10. Kalinske, A.A. and Robertson, J. W, 1943. Closed conduit flow, Transactions of the

American Society of Civil Engineers 108: 1435-1447.

11. Levin, L. 1965. Calcul hydraulique des conduits d aeration des vidanges de fond et
dispositifs deversants, La Houille Blanche, No. 2. pp.121-127.

12. Novak, P. and Cabelka, J. 1981. Models in hydraulic engineering. Pitman Publishing

limited. London, UK. 459pp.
13. Sharma, H.R. 1976. Air—entrainment in high head gated conduits, Journal of Hydraulics
Division, ASCE, 102(HY11) : 1629-1646.

14, US Department of Army, Office of the Chief of Engineers. 1980. Hydraulic design of
reservoir outlet works, Engineer Manual 1110—-2-1602. Washington, D.C.

15. US Army Corps of Engineers. 1987. Hydraulic Design Criteria. Sheet 050—1 Air demand—
Regulated outlet works.

> W N

i)
-
(]
=
—
o
=
-n
=
=
=
=
@

VOL. 44 NO. 3 2011.3 67





