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Results . ) . .
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air slote] 78S Ao =
o air vent ¥T¢ Hdgo=n 1 FFe| AtelH

o
a
B

o] ZAZE He 49

2R3 FHE st
Apo] 7).

=
i =

[1& 3.1.9] air vent &7 =0 =F FHE

_19_



4 o3 ARE
[A8 3.1.10] air vent &7 =0 =F Y At
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(7b Flow-3D 47}

o FLOW-3D+ 1960 dt] w=F Los Alamos Laboll A AW o] Azto g dz)|E= Version
11174 dgstso] Qs AMA H=x==2 VOF(Volume of Fluid) ¢+ FAVOR(Fractional
Area/Volume Obstacle Representation) WS 7iet 2 A &31¥9 3 AFEE o= 24 75,
A7, BHAL HNE), T T BFHSE H =
Navier-stokes W4 24& FAsiAstm FA2} 4] £ FAok 7123 FA™E
sl VOF e AREstar, ALtgdue] 5343 AAIE #3d38t7] $13] FAVORE At
ol Qlaf =Y g oA Fx=3 A WstE 2og 4 5. 18]al Prandtl Mixing
Length, One-Equation, Two-Equation k-e, Large Eddy, —Z2]31 Renormalized Group(RNG)

53 5 5/ dREge A48

/Blo] =o o]

M o
4

2

ol

ol

N

o FLOW-3D FX2gL XujutAga oz ALuA A3 Navier-Stokes WA A3 o= WA
&

o A=A FA ok 3xd AL5A AL g3 Z-2(Flow Science Inc., 2009).

2 WFE FAL AHola, R v dFHAITACNA HIZste =R HuEA A

R=1, (=0 9. & A7oMME AuHAzA MY Bd=A FAE 7HstEs AL W42

A A )+ )= (3.2.2)
o AWHEAEZ A A9 SFPPYH L the L
R
%—l-i{uA,.a—u-i-uA,a—u—i-wA %}2—1@4- G +f,— Or 3.2.3)
ot Vg T ox Voy F oz p ox pVp
ov 1 ov v ov 1 op Rsor
—+ —+vd,—twA — = —— — 2.
(%—i— VF{UA$8x+U y8y+w Zaz} p8y+Gy+fy pVFU (3.2.4)
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R
—+—{ A, —+ A —-I— wA —}z—l@—f—G +f— SORw
pVp

ot Vg * oz p oz 7 (3.25)

A71A4 (G, G, G)< TS =, (f,. fo [ AA7VEE0lal, Ry, p(accelerations
caused by mass injection at zero velocity)2 71A9} Hslal = A THE] VOFS| g+

Gz, y, 2, 1) flz,y,2,t)E T3l 8= F A+

G457 A e k- B, k-0 2F, FFAUA 2F, Lol =
(Renormalized Group Theory) %3, LES(Large Eddy Simulation) =& $<& AF83
A == Bl 22 BEJ3 AFREHAA Y FS 7IEste W e®E VOF(Volume Of
Fluid) & AH& [2" 32112 VOF 7I¥e] /A=, F = 99 A4 ol 235 o]
Ae 7IAeE AA7E AAehs AARE YERH, AHEEe 238t e vdsAd fA
A, Fe FA7F ARt e AZRHES v webs] F=10]9 ALk

7F A dvk= Aolal, F=001" AV gl W 33Xt orleh

e——— Pressure = constant
(orPVy=constant)

] ' - F=0 (Void cell)

.—
&— 0<F<1 (Surface cell)
.—

L F=1 (Fluid cell)

[12l 3.2.1] VOF (Volume Of Fluid)

)
1] FAVOR 7H< &3 T3 9% dA =yola, &% FAVOR ¥

AR ansfiEE. |

[O& 3.2.2] FLOW-3DOllM Al2%F FAVOR gHH X & of
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o A FARFLFS TPty fal AF L FxE I 3AY FFS dHsioF s,
A 2 F2Eo 3AY S Ao A E I¥Fe rARE ZEI A4S UE
W AR FAXNPEE 23 CAD EHE 7|22 Fste] ndgs)of g

o fAlel EAG ¥ 2E2A ¥uAAY 2%+ Chow(1959)0] HixE%0o] ko ZAHE A&
E o]g ZAYEY HFRE EolE 0.46~3.05mn, AAsIH AFzEE 30.5~914.4m2)
HejolH, & A7 AR Aleld o429 HAY FAYE 257 2442 0.1mm,

3.0mz o=, A5A 2 FFAPANE 10me] FHZZ7L o3,
o FAxAOE AolH o] A HF FLeA FUFet FEF FHE AAstaL, FFAb

@ kel o8] Apolmo] HET ol ¥ L F& 4

7gog Rojata, AolH FYR = A5A £} fER Zo) $9A7 I FAHE

= Az T3

(th 71& A7 ZA

o H72HA(2005) BHEYW AlolH o] AT RS AFEPS. [1Y 3.231& Ale]H o
29 ot B ¥ E FLOW-3DZ o= A7, bypass /MY T 2029} 40x T Fx|514 2

HE BHolg AREY Aol whel Wi beo] ZRAste] of 40% Fof Ale]Ho] Ao w

A5ste] RAHoR SAsde] SYALS B 5 AL,

(a) t=20sec

(b) t=40sec

[O8 3.23] AO|H o2 2E Al LHE &3 X|sfjad ZIHRZAHR, 2005)



(@ 359 AtolH o2 FXNAY AE
o B ATolN SAUUQNBC] FAT W Aold ozl £AARL AWste] AolH

LS h=4
A5 b A3 F 0T 2U0E £AUPE £UT.

T3] 918 19933 E=FEHAS AT HAFTE o= 2002
o gt AA7]Ee] A3EWA 7|E AFR(FERAA], 7)ol AtolA AFROHE

SLHREA

@ 2 o

() 3tsd AlolH oF2 FXAE dY =d
o A FAH S T st AF F F2EY IS HHFoE dHdlor & &
Z1Ql AAHS el K& A7 Z STL(Stereolithography) @20 g wWala, 3z A& A&
222 sadew FHI F 4 AHY HEE WA AFARE AutoCAD, T+x=
e

Solid-Edge % #EW3t Tz 73S AE-3)

S

d

2

o [18 325]= 3% Ato)|dH oz dHzoly, [18 3.2.6]18 FLOW-3DoA STL &&]o

T WHgE AlolH o2 FR 3R ™Y AgA A kel s 8.2mela, A

Q. ol%== ) gtEg t)7]9kel 101,300Paz =

_24_
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p, = 101,300Pa p =101,300Pa
a a

|

[A8 325] XSS It oS AO|H Ol+2 HHHE

l

s,

a 5 10 15 o 25 @ 35 A0m
IllIIlII!IIIIII'IIIIIIIIIIJIIlIIIlI!IlllllIIlllIIlIIIII|IIIlllllIIIIIIII{IIIIIIIIIIIIII

(A8 3.26] FLOW-3DOJAf STL A2 HetEl St5H ALO|H Of=29| 3XI2
Al
Al

H

(th stsd Ato]H oAFg FXLFE A 3 iy

o [17 32712 FLOW-3DollA AAH et Ato]d oAFEe ARME &5 FXE9) t=0%
bypassE E3l Eo] A= AL B F AL t=50% FHSE AlZto| bypassE AU AF=

Fog XUF Eo] AFE Hlo® AWHHA AFE Y F7|= A wAHUTE Fqtol

g O AR AFE Yol - Eol st dda Yn SR o R ZYstal AR

Y = AEsta e t=150% et Al oFRe] Eo] # A Abo]Ho] 2%3] %}

L.
=] [e]
St A+

N
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0.0 5.0 10.0 15.0 20.0
16.5
t =0 sec z
0.0
250 70 110 200 470 650
X
0.0 5.0 10.0 15.0 20.0
165
t = 50 sec z
0.0
250 70 110 200 470 650
X
0.0 5.0 10.0 15.0 20.0
16.5
t = 100 sec z
0.0
250 70 110 29.0 470 650
X
0.0 5.0 10.0 15.0 20.0
165
t = 150 sec 4
0.0
250 70 110 = 200 470 650
X

[8 3.2.7] FLOW-3DOf|AM ZHHEl SHEE ALO|H O=20| A|ZHH £ I (EFR: m/sed)

o [1% 3.2.8]& FLOW-3DolA AAHD 3tsw Ao of5ze] At ¢y & =
bypassE &3l A7k Eoll th7194(=101,300Pa) ot 22 H-qto] whata QlF. t=50% 73
g AlZboll bypassE Ay o= ¢ho® QAR o] o= froz AuyrEA

T —

H:l
n2
-
1]
(e}

% @7 AU} Rekol WA T AT o5 YoM ASEn i BolE gt
WA, o5 Ul BolE Hgfo] WAST g 1502 ATe Azel ool Bo| o
A SlFE W iR TRl Htel WS 9. 53, A 4 Ee Avkn ¥

ry
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of Hoi Hefo] AL S5

165000 220000
16.5
t =0 sec z
0.0
250 7.0 11.0 47.0 65.0
165
t = 50 sec z
0.0
16.5
t = 100 sec z
0.0
25.0 70 1.0 47.0 65.0
X
165
t = 150 sec 4
0.0 -
250 7.0 10 47.0 65.0
X

(A3 3.2.8] FLOW-3DO|A MBiEl Sts™ ALOIH Ol=of A|ZHE

7 AFA e = JZISHANE AlolH d}F-2

) RE0] 1713} bypass TRl Al Fgto] WISk §)

_27_
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z

b

[13 3.2.9] FL

ot AtolH o==9| 3%+
I (t=150%)

OW-3DOf|A{ X

(@D stsd AlolH oA¢=2 FAAY Aot o] Hiuw
o AtolH ofFE FXHYP oA Alo]HE AE TS olEFoE HEISN [OF 3.2.10]
o234 AEE #8) o= @He TAME Wt Bernoull A S A Eohs HHUES =4
3 9. A B CHL Z7 o5z g, 2T, Adkel AN Aol F44S A= C
;199] ‘?’]5‘]*‘\3 (x,z)—(lG 2m, 14.41’1’1)?:]1.
siphon length
|=44.128 m
1o
hA I ) (I
ZC H=8.2m
Z, B -
O go)
[13 3.210] ot=™ ALO|H Oj==209| 0|2 sjMZ @[et TIHE
o Flow-3D & o|&3st FXaj4S F3d CHY & 2 o™ 2345 [21 321100 Yepd.
CHANAY 42 9.53m/s, ¢+ES 17.919pa &,
x-velocity pressure
9.544 18230.7
-~ ™~ \\
B o,
/ “ ’ \
9.529 / o 18164,
d N
// \
X / ; \
‘é 9.514 / B 18008, \
L / s /
0 S
: / \
; 9.499 / 18032.7 \
f \
// \'\ /
9.484 17966.1 /
/// \\ /"'
/ 17900 ‘ ‘\\\/‘// ‘
9.469 ! ' ' | ' "15.70 15.93 16.16 16.39 16.62
15.60 15.86 16.12 16.38 16.64
[13 3.2.11] Flow-3D A Zut Sts@ AO|E o2 L|F HEHCH) FHO| 7% A Y 2%
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o Aol olg4e] Aste o5z YA FFBH) Aolel Bernoulli 42 A E3A o5
2 ve) 54 Ve e 2ol 78 £ A

29H

= 9.12 m/sec (3.2.1D

ottt ot 5

B
Q

714 H(=82m)e AF=E 4 - 379 FAzea, f,(=05), f,(=1.00F 27 529
AT, ET0NM ] AUAEAAGNL, [, (=043)E AR A TIhelA BT W) ol
AUAELAT)L, f(=0)v AFTE HHY upz 93 qUA|ELAFTE FLOW-3DE
AL e s o o AFE FASAL

o o2l YA} HHCH) Ateloll Bernoulli 48 g3 Aol & FF h S o
w34 2ol 72 = U+
V2
hC=ZA+hA—[z (1+fe+fd,+f ) g} —9.95m (3.2.12)

AZNA 2z, (=8.6m), h,(=2.6m)= 22 AFANA S AT} fFEFFolaL, z.(=14.4m)E
CHolM el ATl £, (=05)= AFEe dTFoNA e oATAELATFI, [, (=0.0914)
= AFE dTolA A Afolol] MAZE wh=oll ok AUAELA T, f(=0)T ATE
W o] mhkol] o3k oA EAAFY.
p. = p, — pgh = 101,300 — 1000 X< 9.81 < 9.946 = 3.73(Pa)
o ofFE HohoAe] Lot tEeTs FAAFE A} vwstd [ 32113 o] tAE F
Ao} o] &7 FAEHE U U

[H 3.2.1] AO|H O=2 HEHO|A Q] F5ut 3452 FLOW-3D =X[dliet O|Zsf H|

solution method velocity (m/s) pressure head (m)
FLOW-3D 9.53 17.92
Theory 9.12 3.73

3) F7] 9] BE fF2d FNLY AE

o old M3l ‘() 3FW GFE FXAY HE’ oA Flow-3D9 SEW FHAHL Fa) Aol
A dldo] FE3] AFsEe HaAS T A 3 FeRgAPL B Aol ofe A
5 3 shg #ls SR

s W7 oA ar vent® F717F FUE A 7 WSE Alsty] st el
TSR, & dolld I =1 ol A= <

(P Flow3D ¥ H 34
o Flow-3Dol|Ae] ®H Ui )4 HA o] WHE Uigoz 3= Ho] A Erlssld
1.

GRASE A4S U AolH YT Boler TR the Ao AW
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Qu : WE YRE Sojrle 3%
Co : 29 EAAFFZAS
e YSHE (Yhtd o g g3l A 1.0)
A TEHA
o MBS B F7lo U
Dy SlATRe) FH wno] AT
D HE QE QHE(EE HA o wel AR R WSk
@ Time edit tables = )
Time Valve external pressure 120000 —fF
10 0 ;
25 0 100000
3 51 1013256405 1
[
4 100 1013252405 'a' Bt
: g
B |
5 [}
.| E soo00
7 b E =
s by 1
2 40000
3 & A
> 2
10 4
45 20000
12 1
13 | 0 :
& 0 2 0 0 100
Time
2 [ Impart Values | [ lear Table | ok || cancel
* [ tmport from simulation directory
[A1E 3.3.1] Flow-3DOIA A[ZHOf [HE E QRS Bt A7F
MHE F8 588 odeon wWnel Euay woMgos TR
$ @ wFoR WM + AL
ZF MH = Fgo] ZAEA source/sinkel]l oJ& TAIEH, AZAHEANAE (Xy,2)

3.3.D

L F4=H(, 71 o))

_30_
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ﬁ Valve Coefficient Calculator =11 % |

Orifice diameter m
Air Density ka/m~3
Coeffident of
Compressibility REL i
Loss Coeffident of 0a7
the orifice
Caloulate Clear
Coefficient: m*3fsfPa~0.5

[18 3.3.2] Flow-3DOIA] 2= A=~ A7

(W) Air vent -] w2 Alo)H wrE W AE
o Air vent 2@ M2 Alo|H WHHF WIS AES] Hd FAEN 2y A4S FElagA
A YA AAF. Sesl 2y BuES (09 33309 =A% o7)H, Aol W7

(D) 10cm, bypass W7(dy)- 4cm, air vent®] W78(d)-S 3cm, AkelsH Aoj(L)> 244cm, AbelH
et st Hol 2K Hm) = 66.5cm <.

air vent siphon

29
upstream S

/ % o5 downstream
40 )
bypass - % 4 S

[1E 333] +XgiM= Pl AO|EH 2 EHEE

unit: cm.

@)

(13 3.3.4]= Flow-3DE Alo|H w3

JEE air ventol] WEHE X3RS

m[o
2
el
et
P
o
2
>
o
e
oz
AV
1z
2
ol
N,
ot
ftlo
B
i
e
r
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of

o Aelmel air vent2 FUHE FAFE O, HEAD oz ARHM, (4 33DNH
7)ee] AslolA, F,

o] 8.

C, #el #ow, F7IFo] A Fd=L, C,9 #ol 29 T7F B

(th Air vent 4o W& Atold BRI W3l HE A3}

o FAMY AEXNLS F /M 2A(F, B -8R FAxE 2 Ao A Ao C 9
ol & Ao A2 Aol HFRF vsE AES NS

A7 Atold & e FYI FH=

7 o

o Aol - 3hFe] FRMHIY F ASE HF 2
FE 4R A7 AolE R YR

H=0.65m oJ™, At A - &7 FHARHH7F 2h2
A =5 43sk= == H=0.59m <.

6 +

1=
T

@ case 1 (712k H=0.65m, F+=&A5 C = 0.2)

o case 19 A% 4 - a7 FHARPE &3] A7) Wl WREH
4y

40| 331, air vent® 2
F7NHFEFAT C= 02)& Y 49, (29 3.3.6] At

of We Aol o gy

-’m

HEE TASHAS. t=bsec AlZtol]l o= ol Aol Aol gk t=6sec Al E7|&
FU A F7I7F Aol W' o7kl Aol W b¥E FUFSIE. SHAIRE o2 '
FUSHE F7Eo] FESHA] FobA] t=26sec AlZtoll AlolsH ol F7|7} BHol]A] il Alo]H
o] st [19 3.3.5]04 K= vk} o] t=26sec A7} o]HMoll= fFo] Tastrt &
Z1#o] HojA T Aol Ao ® HEOIA fFHFe] Q=68.45m°hr (=0.019m’/sec) SV}t
Pra=
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time pressure (unit: Pa)
pressure contours
95000 99250 103500 107750 112000
1.50 -
t = 0 sec
075 -
0.0 -
40 03 ' 0.4 ' 1.1 1.8 25
X
pressure contours
95000 99250 103500 107750 112000
1.50 -
t = 5 sec
(before
valve opens,
siphon runs 0.75 -
fully)
00 |
1.0 03 04 14 1.8 25
X
pressure contours
95000 99250 103500 107750 112000
1.50 -
t = 6 sec
(after valve
opens) 0.75 -
00 |
1.0 03 04 11 18 25
X
pressure contours
95000 99250 103500 107750 112000
150 -
t = 20 sec
(valve still
opens) 0.75 -
00 .
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Pressure (unit: Pa)

time
pressure contours
95000 99250 103500 107750 112000
1.50 ¢
= 26 sec
(valve still
opens, but :
siphon runs 078 &
fully again)
00 .
1.0 03 04 1.1 1.8 25
e

(L8 335] AlZHOf| [HE ALO|E o209 & B} (case 1)

02251
F
L
:J L0180 1
D
1
o
i 0135
u
M
E
F
L .0090
0]
w
R
A
E 0045+
-.0000

0.0 120 240 360 48.0 60.0

TIME

[O& 3.3.6] AlZHOf| [HE ALO|H Of=20| YR M3} (case 1)

(unit: m3/s)

@ case 2 (7912 H=0.65m, Al C = 0.37)

o case 29| 7

air vent® %

Tgeol

9= case
T

24 W

BNFE FASIAHF

19} B2 - 3R AT SRS AA TR

bl S5 Fol A&FZHo= Yehd o R

Q=55.31m*hr(=0.01536m%*sec) . [29 3.3.9]014 R Hiel o] FAS7}

FAS7F C=0.22] case 1 vl ko] 2H2-

[e)
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time pressure (unit: Pa)
pressure contours
95000 99250 103500 107750 112000
150 -
t = 0 sec
0.75 -
00
1.0 03 0.4 1.1 1.8 25
X
pressure contours
95000 99250 103500 107750 112000
150 -
t =5 sec
(before
valve opens,
siphon runs 0.75 -
fully)
00 -
-1.0 03 04 11 1.8 25
X
pressure contours
95000 99250 103500 107750 112000
150 -
t = 6 sec
(after valve
opens) 075
00 -
-1.0 03 04 11 1.8 25
X
pressure contours
95000 99250 103500 107750 112000
1.50 -
t = 20 sec
(valve still
opens) 0.75 -
0.0

40 03 04 1.1 1.8 25
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Time Pressure (Pa)
pressure contours
85000 99250 103500 107750 112000
t = 50 sec

(valve still
opens, siphon

can  not
runs fully g
again
because of
larger air
quantity)
(A& 337] AlZHof| 2 ALO|HE Of2o| &3 3} (case 2)
0215 |
F |
/|
L !
u Y
1 0172 + | Wl ,
D ' \M \ fy o N Af / i .
VI el Wond A Jll"ﬂl\n' [ { 'l',ll\r"‘
1 |I || plllllr l\vllf\lll 1'I'I ‘lﬁk |rl'\= '\'\JJI\ JII ll. { ".i] ! \\’,%’\F\IJI[]
v II | [ i lr'r
© o129 f |
U
M |
E |
F |
L  .0086
o |
w |' [
R |
A If
E 0043 |
f’
T!
|
-.0000 : : : _ .
0.0 12.0 24.0 36.0 8.0 60.0
TIME

(23 3.3.8] AlZto mHE

ALO|H o209l R
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0.025 T T T
- CD=0.3?

_CD=O‘2

0.02r

I L)
P R s’ ‘o
"l|”' "|l' ke Il < Y
Y LY B « v ot ~
W i ALY
' | 1

] )

'

0.015

0.01

outflow discharge (mslsec)

0.005

0 10 20 30 40 50 60
time (sec)

[O3 33.9] A|ZH0]| [HE ALO|H =2 0| HHF2F M3} H|W (case 1 vs. case 2)

@ case 3 (712K H=0.59m, F+ZFA5: C = 0.2)

o case 39 A A-sF FHUAF Fr] W&ol case 13} case 20 HIS] Apo]H JlE &

t=16sec At Fof Aol Aol $+Ad] YERE. air vent= Co=0.29] 2o TS 3}

Qe W [1% 33110004 Ri ue} 2ol AT Aold AalA fo] 22 7k A
2 gRgol 94 Pel olx Fg W] A&H o Uehd. oldd BAS case 29 FA)

sty W] HHFE Q=55.31m*hr(=0.01536m°/sec) L}ERL.
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time

pressure (unit: Pa)

pressure contours

t = 0 sec 2
1.0 03 04 11 18 25
X
1.50 -
t = 17 sec
(before
valve opens, z
siphon runs 0.75 -
fully)
0.0 :
-1.0 03 04 11 18 25
X
pressure contours
95000 99250 103500 107750 112000
150 +
t = 18 sec
(after valve 5
opens) Ty
00 |
1.0 03 04 1.1 1.8 25
X
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time pressure (unit: Pa)
pressure contours
95000 99250 103500 107750 112000
150 -
t = 28 sec
(valve still
opens) 075 -
00
-1.0 0.3 0.4 11 1.8 25
X
pressure contours
95000 99250 103500 107750 112000
t = 50 sec

(valve still
opens, siphon
can not runs

fully again

because of
low level of
water
difference)
1.0 03 0.4 i 1 1.8 25
[22 3.3.10] A[ZHO]| OHE ALO[H Of=20| U3 D} (case 3)
.0214
F
|/ ,
I 0171 + 1;.|| pil
D { l‘“l'” A y M‘» A
(LAY e T Wt
. P [Tt ™ 7]
4 | |
O o128
u
M
E
F
L .0085
o
w
R
A
E 0042
hjn/
e 20.0 60.0 80.0 100.0

TIME

[2Z 33.11] AIZH]| (2 AMO|H Oj=2 9| B2EF BT (case 3) (unit: m%/s)
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@ case 4 (#912F H=0.59m, A4~ C= 0.37)

O

case 49 A-¢ -7 FAIE A7) wjZdl case 33 mpRZFA|E Ato]H ThE $ t=15sec
A Fof Abo]sH Fado] 9] YERd. air ventZ C,=0.372 B& I371HE FUSHIE H
[29 33.131914 R vk} o] hxdk Atold QoA freFol 3711 a3t FEHE UER
o] WHH HFFL Q=0.30m/hr= Alo]Ho] WE H=o] ). [23 3.3.141001A case 33
case 4] WRTF W} FHoA AT 4 %ol C, 9 Aol= WFTdo] WMart A 22kl
case 3% case 49} o] FAA) F2 A5

S I F ANE

371% Wstel B 0sHA fFo] Wake A

time pressure (unit: Pa)
pressure contours
95000 99250 103500 107750 112000
B 4|0
150 -
= 0 sec 2
0.75 -
0.0 -
1.0 03 04 11 1.8 25
X
pressure contours
= 15 sec
(before
valve opens, P
siphon runs
fully)
t = 16 sec
(after valve 9
opens)

_40_



time pressure (unit: Pa)
pressure contours
95000 99250 103500 107750 112000
150 -
t = 28 sec
(valve still 5
opens) 0.75 -
00
-1.0 0.3 04 14 1.8 25
X
pressure contours
95000 99250 103500 107750 112000
t = 50 sec
(valve still 1.50 -
opens, siphon
can  runs
stably 3
because of 0.75 -
low level of
water
difference)
00 -
1.0 03 04 11 18 25
X
[2F 3.3.12] AlZtof M2 ALO|H o520 &3 Hal (case 4)
0200 ¢
y
. |
L | |
Y otssi /
; |
' |
o K‘
O 0116 '
G \
M \
E \
: |
L 0074 | |
o] / \
w
R |
S
e o032 | l
] Wﬁ i
N hr'lﬁfv\mw R o e e P o s o
-0010 ; -
0.0

22.0

66.0 88.0 110.0

TIME

[O3 3.3.13] A|ZHOf| [}2 ALO|H =2 0| HREF BT (case 4) (unit: m?/s)
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0.025
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0.015

|
&
o

0.005

AommamEv ableyosip mono

20 30 40 50 60 70 80 90 100
time (sec)

10

—

H Oo=29| YEEF Ho} H|W (case 3 vs. case 4)

Ao

=
[—

[3 3.3.14] AZHof| Lo}

¥

| ghel MBI Aol R

@)

o "EA o) 49 WelolA BT WahE w

il

U3 ol A RE Al
C,= 02,03, 035, 0.3N] 49-

il

& Aol
7%

< [T29 3.3.15]4] JhER.

o

el =

2

o]
H
o] 10-15% A= rad AefolA 5917} Yol et

=
T

H}

o] & 7ks Aol mls|

il

Abo]

OUTFLOW DISCHARGE AND WATER ELEVATION OVER CREST RELATION

66.5cm)

(Case 1: maximum water level difference Hmax

1007
80 -

¢ Fullflow

|
I
|
I
|
I
|
I
Fomm———t

\\\\\\\

(ww) 183499 YIAO NOILVAT TS

40
DISCHARGE (m%hr)

30

20

66.5cm)

(13 3315] 371 Hlo| T2 $+9-LRY BHH
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AmI.mEu FDHVYHOSId

TIME (SEC)

0.2, 04, 0.7)

=4 (C,=

P

H3

2
o

3

=
T

stof M &

E

7to

(A3 3.3.16] Tt 2| 85cm X[ Al

his

3 FAo% [1¥ 33317 2o

A ozt 3

o] Apold

A4

€]

g9 FEE

—_
file)

-
il

~H

o Alo]H WAHD)S 10cm, bypass WA(dy)-& 4cm, air vente] W7(d)-e 3cm, Ake]H Aol(L)&

o]
.

THAHHma) = 76.5cm

SOIEE

J

244cm, AlelH 7ot

(3.4.D

8714 % (= 9.81 m/s2);

g

0.75 m);

F 93 (e

. 5

Ak

H :

Al (=1.0);

fio=2 [ =0318

0.1m);

(=

T
NI

]

D : Aol

o] (=2.44m);

3

N

&

Aol #

l:
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f . rpEELA S (=0.015)

Hiay = 0.75m 2704 HFae

2x9.81x0.75 —0.020

7x0.12 \/
= 204
© 4 1+0.366+0.5+0.318 (m®fs)

wzbA, Q = 0.0204 (m’/s)= 73.44 (m’/h).

@ FLOW-3DE o83t i3 A= vt 2+

pressure contours

93461 96638 299814 102991 106168 109344 112521
1.50 + i
r4
0.75 —
0.0 L
1.1 1.8 25

m-=»n SOFM mMECro< = oTcrm

x
ol FHo| ofzigm Z1} (t = 25se0)

0215 ¢
I,/’__*___* -
{
0172+ f
JIr
!
L0129 I,-'
If'
.0086 J:'!
s
0043 | |
|IiI
-.0000 1 . | ,
0.0 52 10.4 15.6 20.8 26.0
TIME
[13 342] FLOW-3DE AM83%t AlZt0f ME HFE At
(Hmax = 0.75m)

o 3zt FX A A= o)|E2A T TUEA Q = 0.0204 (m¥fs)= 73.44 (m*hr) . & ER.

Q® FIEgA
A3},

Fe (13 34319 o] T3l YPstAon, ool FAL FANLT F
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it

[O8 343] AIO|H 02 $2|HTHRY HE

FERFAP] QAT AHe 3 (W) FERIFAY’ o £35S
FERFNF A, Hpy = 0.75m @ o, Abo]H WF3S Q = 7274 mhnE #A=3,

ol22], &4, gy ARE [F 34110 Yepilen, vw Az 2xpv) 1% A
o
o

[ 3.4.1] &FZ Z0t HWO|2A, XM, 2|4H)
No T B W& (m*/hr)
1 o] 22 73.44
2 Flow-3D x| 3 4] 73.44
3 FE Ry 72.74

i As AT Fe ey YA fo|7} 281%2 WS FAR AHE U] glo]

3 FABIA Y A EE SRIT F AUS
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Outflow discharge versus difference in water level relation
20
75 =
= 3

= 4
_§_ 70 @
I 1<)
T
g 65
% ot # Numerical experiment
[
- .
E e ¢ @ Hydraulic experiment
=
8 ss &
o
2
o
£ 50
=)

45 >

40

0.00 10.00 20.00 3000 40.00 50.00 60.00 70.00 80.00
Qutflow discharge Q (m3/hr)

[0 344] AfO|H Ol$2 491 4RE 34 HlD (GXhY I $2/2HUY)

SeRPAP Ao} o fASA derde sl
&

AbolsE WHrEFel AEs| o] S&3] THede Al
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3. U RFAPL B AW A5 4% Y}

b Aol E ez oA AbolH 7HE A

(1) Alo]l&H o]&

o fAZL B FolA We Fom BERE T oY W B2 AW dUAURT ¥
&

A o1& Apolmolgt @t AfolhelA oA HRT 9o %ﬂfs}t« B2 U 9
baT) we Boto] wAEn), (18 3311 AbolHel tha A

e

z

W
L
@

(29 3.3.1] Aol ¥ =

o AA OF AA @ Arold) Bernoulli 418 AHLstA ooy &

2
2+ H=—+0 (3.3.1)
29
A7 v Aol FETFOAM L F&olal, HE XM Do dEHFolal, m & T &4
w8 53

o 4 332-3)% g3l H&F FIFL e T & U

V= 1/29(z+H—H) (3.3.2)

Q——D \/2g(z+H— ) C—DQ\/Zg(z-i-H) (3.3.3)

P, QE FHY. 4 GIDNA B o AT SALT 1 2 #
A% 0% olgstel BAF T 5 AS B ATNA FURIAAL Fa) Aojue FRBES
AZSIL 0|8 olgstel FHAL ¢ B AN

o AolE BEE WANE oA HET B Fol Foto] A§F. o|EHOE Aold BHE
ool Aol Fore t7Igd FA% B AFALS 5 AolHe ANT w Hejsy
FRo B AT Wl s v 5 gomz Aojw hil dele] 3L v Fash
(23 3320 Aold Bl 59 A= 9% AAES. TFAA 2, = 12NN A 37
Aol Eolg EakM, h & AH DA B AR AWAA AE e,
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(19 3.3.2] Abolsdl B ¥ A8 7id

o A& @el Bernoulli A4S 283+

s+ ht Lt —— v ——+ H, = const. (3.3.4)
Y29
A7NA H, & AR QNA EAFFE K3 A- QA Ay EAFFE= T Zold H]

AATHE 714 St FATHE FETAA F Aol L3 FATOIA AY O B
1ol 1 9] ME thest ol LEhd £ U&
l

Hy =~ - H, (33.5)
o A" D Ad @ Afolol Bernoulli WAL HesH e AL T & 9.
SIS L A A (3.16)
2 vy 29 L o

2 BLeE 4 p o s AYsta oS 2o Aol A3

p=~|z2+H—z —h—ihf—L2 (3.3.7
2 L l g e
o FERY HAPS B AFS ASHA EAdFTF S & T U olF B3 4Y p E dF
g T e

) F22d Azt

D EARA

o Aol ofFre £ EUAHI HAo Gl wHstEE S4ARY Azt e =4 23
7t o2 2ol vis] =A HAEHEttema et al., 1982). Wattington and Ali(1976)= ArelsH 4
YRFLFAS A% SARFY & 1/30 olat2 ARetoiof dtkar ARMEE E Aol A]
Aol el FEIRPAY 11 98 Aoz Ade 3

o ¥ F7] EdFel Hvkal Mgt Froude dAHE A8 Froudeo| g Mz dd3 &

B o

Aol A SRmPe A9 thg BANG 7T 5 UL
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(3.3.8)
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(3.3.9

Tpe Bt

LyLyL,"? = L,L,*"

ApVyp=

Qr=

S

N

o

)

op
T

(3.3.10)

(3.3.1D

$1 2ol 4 (3.3.10= At

(3.3.12)

Ly o 54 27 L, 7} 49
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T

o Zole
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| — ST
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L ar
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]

1 0|22 2Ho| =X
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[

[E 3.3.1] ALO|

£
ol
60
S S S S Y = -
=)
160
H
~ |3 |- S| T
__O._ H S N | ™ ~ as)
NN =0 S LH 2H 2L
= NI 2
N ~ S N =
~ N
BN
I O S < I I
K| KT
=0 [ KM
|| oE|oE |z |® | = | K
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AEry A=

B AFAE AolH ofF2 JTHREA 0.1me FUSE Slsf JEFo] =2 AFAFA
& % 3m x Zo] 5m x o] Lom= FE3| WA AFson, A £aE B850
zgat] vl shRekl RELS Z 210m X 2ol 45m X o] 04m 2 2H3h FFRASFA
el #3FFMHO300mmT R 33S BAs FRAFA U Fee #AT.

Atole IH@100mm) W S538s &S F JEF £ ofmZdE A% stal bypass(@40mm) 2k
air vent(@30mm)E AleolHel X3 [17 3.3.18]0l] Alo]H o= =} [17 3.3.19]0
AARZAZ HHEe} dAEE EA [O8 332012 EFAZ AR, Atelsd WA D)2
10cm, bypass W7(dy)- 4cm, air vent®] W73(d)-2 3cm, Atels Zol(L) 244cm, AtelH i
o} shFo] Hl FAHHuad = 75.0cm ¢,

Section A-A
Siphon air vent
B upstream
I == - S SN
[O3 33.18] AfO|H o2 My HtHE

[28 33.19] MO|H 02 Y REML BEHE: X HEHE
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T

JAEHA FEIAEA

[ 3325 & #=2

171 st @AEAA YA o)A A=tk EF-501 300A =
AHEEFA S ALY AlFEAFS [E 338l AASIES. 318 22 +0.5%°]H,
03 ~ 12m/s o, A FFA= 4¥S 9

| A3 3= 7] HKOLAS) 2 HE 32l

2 g (ModeD

2 7 (Diameter) 300mm
A 4 (Material Stainless Steel
& &4 89
; 03 ~ 12
(Flow Velocity Range) 0.03 ~ 12m/s
A% = (Accuracy) 105%
AEE
ivi Sus/cm
(Conductivity)
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5
Aol AS AFETE AolH FHoE 4R ASAC] Bo| AolH UF ARAL ART
wo} Apolgo] b3 FEHYL W el WET o) ZA Uehde SHelsh (19 3.3.26]
of AP (% 33919 (27 3.32700] AHE AN,
o AFA T SRSl £ 66cmel A Aol R ARAL AR AFHAL. A
ol AZ0cme] AWMALE 597k 4Ae WHT0cm AolHo] $ T1E HUL-
g Aol® 9w WYl Hetsem 747 ShaL, T $9E AR B
& 9ol weh BRl AR grastn 4957 AfolH AF AT HeA0cmol A

R
F717F FYUEEA Aol THso] HE S

8

[12 33.26] AO|H Of$E2 2=Q-HfZaF AS ARZI
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[H 339 ™XP7|A |2A At
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H(cm) fr Ao H(cm) R
T s A | F9 s A T s A | 79 3 Al
75 72.74 72.74 58 62.79
74 71.96 71.96 57 62.12
73 71.28 71.28 56 61.55
72 70.58 70.58 55 61.04
71 69.95 69.95 54 60.42
70 69.32 69.32 53 59.77
69 10.2 68.67 52 59.23
68 5.8 68.33 51 58.85
67 3.6 67.57 50 58.41
66 2 49 57.71
64 66.04 46 57.1
62 64.91 45 56.46
61 64.44 44 56
60 63.92 43 55.5
59 63.36 40 0
H-Q Curve
80
|  Physical test
75 .
70 2
T °
.
a b5
g [
c a8
@ 50
]
£ &
- &
5 55
: $
45 b
40 &
[} 10 20 30 40 50 B0 70 B30
Discharge{m3/hr)
[T 3327] AO|E o2 %|-Y7E JM
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AolH elgzel N MR 2H U

1D 2= A=

o

(¢]

(e]

2 AYPoM= A3E 1L R 2 AbolH AR ofo|to] =F oA AAIE air slot¥}
ar ventE AA3F AbolH RYP S oA AAsial @ Alo]H AR HAY Y FH 4
of A3k
air slot¥} air ventE AX|gk Alo]He] AFF(@0.1m)e] FYUOZ A FTFo] §I=s FF
TAE T3 @A AFsde. AAe ZAYE E5o8 2yt nAgh ehRehd i
Z 21m X Zo] 45m X %¥°] 04m 2 ZZg AFAFA Wols FHEaFul#H@300mm)H
AFH S AAst ARATA W A2S 7219 [19 33.28~29]1 =3 Pz o
(3% 3330~31]2 =28 A [28 3.3.13]A = Alo]HE ¥F air slote] AX]#
A}o].ﬂcq = Alo]H-& Z2ALZHE air sloto] AXH Alo]HY.
(19 3.3.29]014 He= nie} o] air slot Aol UlF HAorHo © 9o AX|=o] 911, air
vente Aol o) 3w kel AX|E o] 9l

Fl
% lem)

JIJ_I..
(3]
i
e ; =5
R i
- i
15
i | e WU i
o E o i
ZE OiE 2 3 = ) @TIE AR 5 Lo
E to 2 =
= B
= — =
: rerera - e o o = :;..{I
HH

(O3 3328] RLTE AIO|H 2H HHE

AICIE {78 (10 cm)

0T £'¢l{em)

13
a
L)




FTEHEE AMOIE X[ A (1)

[2E 3.3.30]

AfOJE EX[ AT (2)

pS|
=

[12 3331] /X

Az HAe vrz 44 5%

A

bl Abol %

S|

4 5

=]
=

ol Aol WF &

R ws Abo]

= 4

o

2

=]
T

Nom AR Aol o] Aol U]

[}

o ol AFelA B Aol

SE P ENETRSEE]
A AF597}

o el

R 4T
air slot Fefe] Wsle} air slote] 7NA

S
=

7Hs =9

HEE, Aol

ol
file)
o/
o
el

A

== 1
e

ok Abolwol

[S] AR

H
T

A

o we}

=
a

SEE R

case 2. air slote. 2 7|} Eo] ¢

L o
= 4

o=

o A% %AOS = case 1 : air slot
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A FUdE= A9 27 ZE AT
o [18 3.3.32]o14 B v} Zo] 93 air slote IGARE Z7)FS 24T 4 9da, A air

slot2 4TAIZ 37 24T F A=

[ | Open 3 step control
123 = B BE=le
- 3
< / B = ===
S B B4
B B B
(a) ¥H air slot = tHA (b) AZHY air slot =71 £HA|

[21Z 3.3.32] air slot HEH & 37|2F = CHA|

o Al 717} Ateld WHE U4 ‘qH 7% AFHes SAY 5 Q7] wFol 4 case
3.3

0~11]ell Yeb3.

[E 33.10] ¥ air slot 37|22 =™ WA H|

circular shape

open area (cm?
i avee (@) 1 step open 2 step open 3 stg;l)lugpen
78.5 2.052 4.104 6.156
ratio of area 1 2.614 5.228 7.842

[H 33.11] ZAREH air slot 37|2F =& HA H|

rectangular shape

2
siphon grea open area (cm®)
(cm?) 1 row open 2 row open 3 row open 4 r(z}f;vuugpen
78.5 1.65 3.3 4.95 6.6
ratio of Area 1 2.102 4.204 6.306 8.408

4) 44 2=

(b Apol#H oA 2o F7IT FUsk= 4% (case 1)

o AGA ARk shFe $UMDIE 60emol A Apold R Aeg I Az ApolH
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(¢]

21 74(10cm)e]  Axk Xél‘—;l‘—;

H=68cmol| A F& <

=

A} 9127} H=68cm

3.3.12]¢} [1¥ 3.3.33]9 &7]%k

o2 A9 air slot &% &7 %

A FE Abelse] |

4y 2 AAZLY air slot &

=
j=An

g Gry F
U
S
=

rr
)
o
3
)
o

H3] 60% o]/ 7t S

[E 3.3.12] air slot HEH & +2-LFZ M (case 1)

@
1]

water level discharge (m®/hr)
difference e :
: air insertion (rect., air insetion (cirde..
(H, cm) full siphon 1 opening) 1 opering)
68 68.00 28.83 27.12
67 67.58 25.63 25.32
66 66.11 24.44 24.22
65 64.88 21.71 22.40
64.5 64.65 19.25 20.57
64 64.40 18.00 18.35
63.5 64.20 16.22 16.95
63 64.10 15.28 14.25
62.5 64.04 14.16 11.90
62 62.93 11.34 10.14
61 62.57 7.08 6.19
60 62.08
59 61.76
Siphon Model Test1( H-Q Curve)
_EGG & |
E% i ‘.5‘3 P © Full Siphon
é 63 3=.-I m Air(Rect type 1 open)
E e 'm
z

@
=

60

59

58

© Air(Circle type 1 open)

0.00 10.00 20.00

30.00 40.00

50.00 60.00 70.00

Discharge (m3/hr)

80.00

[13 3.3.33] AIO|H Oj=20] 7|2t fUSH=E E2
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[3 33.35] AO|H O=20f 37|2t FLSk= 42 (case 1) AR

(b Aol ® el5 2ol g9k Bol 7 HUsH= 45 (case 2)

o AFA - 3R FAMDI 60cmol A AolH R A UFHI] ARG Aelw 27
(10cm)e] A¥F AEZ 59)7F AL wH-65cm) Aol Ho] b 7HEH. 4913} H-68cmol
ARE U BFEN RIS VST

o A 593 Hesemol ARE B8 FYUskAS W, PRFe] R FojSo] Ao
A7F Ag 7 7EA @49 air slot 25 194
333600 B T A9 BT Be WA FUT Ao £-RRT Hael W
Hlmste] Bl

=
o
rl:l
ol
£
>
o
off
oL
3R
alfe
=]
w
w
—
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[H# 3.3.13] air slot YEf &H =2

=
YR

A
=

—

(case 1 & 2)

g 3
vé?ftfer level discharge (m°/hr) — —
erence : g g air+water arr+water
(H, cm) full siphon 1a1£p(er§;té) oy (redt, 1 (drde, 1
68 68.00 28.83 27.12 65.69 67.04
67 67.58 29.63 29.32 69.21 66.36
66 66.11 24.44 24.22 63.91 64.48
65 64.88 21.71 22.40 55.63 63.59
64.5 64.65 19.25 20.57 40.26 96.95
64 64.40 18.00 18.35 30.45 45.35
63.5 64.20 16.22 16.95 18.66 36.11
63 64.10 15.28 14.25 16.25 25.00
62.5 64.04 14.16 11.90 13.48 15.24
62 62.93 11.34 10.14 10.47 10.22
61 62.97 7.08 6.19 6.66 6.24
60 62.08
29 61.76
Siphon Model Test( H-Q Curve)
68 nes —_—
67 e+ —
Ees » e
g ” a . .T 7‘4 7 R # Full Siphon
§ & \):. . - ¢ : Air(Rect type 1 open)
% 63 T == L4 ¢ © Air(Circle type 1 open)
E 62 ii-). P ;. B Air+Water({Rect Full)
§ o - R ® Air+Water(Circle Full)
0.00 10.00 20.00 30.00 Discha:l;j(m:,/hr) 50.00 60.00 70.00 80.00

[C12] 33.36] AIO|E Oj2=20| 27|29t 20| aH SQUSH= AL (case 2) 9 -Ht=at
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| 2 7t50t MEH (case 2) AT

10

Ir-
(i

[2] 3.3.37] ARO|

7ok 20| &M Fedte BF (case 2) AFE

e}
o

o==20

H

[2E 3.3.38] ALO]

7] =4

P

t

(T} air slo

@O Y3 air slot

gl

air slotell &7]

2%

o

i

M Axel wet

A= air slote]

oy
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[E 33.14] Y air slot -&FZF 21} Case 2)
water level discharge (m*/hr)
e < - air+water air+water air+water
, cm) full siphon (circ., 3 opening) | (circ., 2 opening) | (circ., 1 opening)
68 68.00 67.04 66.42 66.70
67 67.58 66.36 66.22 66.49
66 66.11 64.48 65.10 65.82
65 64.88 63.59 64.54 64.92
64.5 64.65 56.95 60.23 64.35
64 64.40 45.35 54.55 63.45
63.5 64.20 36.11 49.46 58.22
63 64.10 25.00 38.45 53.22
62.5 64.04 17.24 29.30 46.83
62 62.93 10.22 17.88 30.62
61 62.57 6.24 8.19 13.48
60 62.08
59 61.76
H-Q Curve(Circle type air slot)
68 ’.%7
g 66 ©o
A ® Air+water(circle 3 open)
% E " =f O Air+water(circle 2 open)
£ o ® o @ Air+water(circle 1 open)
g . | | ° . G I + Full Siphon
= | [ e 20 :
§ 61 o : ® @
. . . ‘ Discharée (m*/hr) . . . .

[2Z 3.3.39] ¥ air slot -5 TM (case 2)
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(c) 98 air slot 7]+ & 2 1=62.0cm)

[12l 3.3.40] ¥¥ air slot (Circle 1 open)
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(c) 98 air slot 7]+ & 2 1=62.0cm)

[12l 3.3.41] ¥¥ air slot (Circle 2 open)
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(c) 98 air slot 7]+ & 2 1=62.0cm)

[12l 3.342] ¥¥ air slot (Circle 3 open)
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b —
o ¥¥ air slotel] F7IWHS FUZ A WFFl 543 AAse. v 3718 25 ¢
FUZ A9 Rl FXAH o= A4S
o TAZ FHANAE ar slote] Y FEe wet R AR GebA FAEsHA HRFE =
A o+ e gd%
[E 33.15] EARY air slot -5 21t (case 2)
water level discharge (mhr)
difference air+water air+water air+water air+water
(H, cm) full siphon (rect,, (rect., (rect., (rect.,
full opening) | 3 opening) | 2 opening 1 opening)
68 68.00 65.69 66.02 66.19 67.02
67 67.58 65.21 65.86 66.03 66.62
66 66.11 63.91 64.97 65.73 66.03
65 64.88 55.63 61.23 64.35 64.84
64.5 64.65 40.26 59.74 63.56 64.35
64 64.40 30.45 54.55 62.45 64.13
63.5 64.20 18.66 39.53 56.89 63.64
63 64.10 16.25 28.45 53.22 61.76
62.5 64.04 13.48 22.17 48.26 60.72
62 62.93 10.47 15.78 28.67 49.26
61 62.57 6.66 12.04 16.47 20.13
60 62.08
59 61.76
H-Q Curve (Rectangular type air slot)
4 -
o f f f -
g B -
3 | e
g 6 : ‘ = E —EH8 Ol Air+water(Rect 2 open)
563 3 .' 3 o . o ! . ® Air+water(Rect 1 open)
E " 5 | o . R ® Air+water(Rect full open)
L 62 = — En = — 4 Full Siphon
§e1 - -——E——
- o . . Discha:;T(mJIhr) . . o o
[O8 3.343] ZALH air slot $=9/-2F At (case 2)
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(@) AAAE air slot 371+ %= EHQ(H=67.0cm)

P ﬂ,\‘j 4
I < MY )
| S

(b) AAZFE air slot 7]+ & £Y(H=63.5cm)

g q- ‘
\ \/
) P -G

X

(¢) AAMZFS air slot 7]+ & £ (H=62.0cm)

(O3 3.3.44] ZAZA air slot (Rect 1 open)

_68_




t 3‘7]+% %‘?Q(H=67.0cm)

(a) A air slo

(b) AAZ+E air SJOt 71+ & =Y (H=63.5cm)

—_— =

| ﬂ\\\\‘.

(c) AAFE air slot 7]+ = =9 (H=62.0cm)

[O13! 3.3.45] ZIAZA air slot (Rect 2 open)
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(b) AALZFE air slot 7]+ & &<¢(H=63.5cm)

(c) AAFE air slot 7]+ = =9 (H=62.0cm)

[ 3.3.46] ZAZA air slot (Rect 3 open)
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G FEEIPLY
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¢ /\}o]

B8 7Y W PFF 2Ho] FsI” o] oFo] B AT
%

o
EAGE B AP A% 37 FUL B AolnY WRY ™ol s

FINUS FYF A Aolmol 47 sHEE wlol wlsh WRel 60% oY 2

[e)
FURe B WRFe -] eiAE ¢ 23‘34_3& 371 2-AZA7
=)
)

ol ¢
spolsled B AT B0 BAHT, AAHeE o §

i
Cverflow wear/
M

Reservoir Head abowve Crest {m)

rJ;I'n':-'tirﬂm e

Crest Level 0 o

Siphon Discharge {m fs)

[2E

3.341] air slot2 0|8%t M3 A4+ Z1} (Babaeyan-Koopaei et al., 2002)

Siphon Model Test( H-Q Curve)

@
2

n § ® e 4 Full Siphon

@
@

Air(Rect type 1 open)

©Air(Circle type 1 open)

8 ; i | i ‘ T {Rect Ful)

@ Air+Water(Circle Full)

‘Water Difference(AH, cm)

10.00 20.00 3000 40.00 50.00 60.00 70.00 80.00

Discharge (m*/hr)

(18 3336] 2 70| WRAXHEO| THs3t 29 YRY I
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(@]

F=FQ,AH,a,q) (3.3.13)
A7IM, Qv 7% AHe 47 B sHrS FFAkl, ax Air slote] €91 W4, T8 g=

2 ATl T Alold AL BEF Fd3 dHA(A)e der s3] WEol,

2 el =3he 2 (L], [TI2 27001m, S fo|ng 4-2-2709] 72kl wse]

HEE 2 = Air slote] €3 H3R1 a9 THIISEE g5 AA
I, =1,(Qayg) (3.3.14)
I, = ,(AHa.g) (3.3.15)

2] (3314 ¥4 33150 2HEH g3 22 FAd WUt 5%

Q AH
I =—F—=, I, = (3.3.16)
LR Ve
(2 48 As 24
o 4 (3310914 FEH FAA FFA D TAY 4L o8] TAEE AW ofd) 1

2]
H 13 2

400
300 —
S I
=
o) L
I 200
Sl
Q7
100
L e o
° L]
j Pl
Owwwwwlwwwwwlw \\f\\\\\l\\\\\l\\\\\
0 10 20 30 40 50 60
12
AH/a

(02 3337 PAHY SEA) M2 A S
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% 333794 FAkd AR FARY fEe AR vlEEkE 3Al des 91T A
FUY FEAN A 3 APAE vehE o) Tt gom, B FEatols)
wal foF Aolol wlY BAE Hrh HE3 B S e
400 400
300 - 300 |-
= | = |
X 200 X 200
S L S L
< <
QA i QA i
100 |- 100 |-
i . i
07\\\\\\\\\\\\\ o SRR B R AR ANR R 07\H\m\H\mH‘?Hmuumuumuu
10 20 30 40 50 60 10 20 30 40 50 60
AH /a"”? AH /a"”?
(a) AH=61.5cm (b) AH=62.0cm
400 400
300 |- 300 |-
> | & |
X 200 X 200
S L S L
N <
QA i QA i
100 - 100 [~
07\\\\\\\\\\\\\\.\\\\\\\\\\\\\\\\\\\\ 07\\\\\\\\\\\\\\ [ AN AN R AT RN AR
10 20 30 40 50 60 10 20 30 40 50 60
AH /a"”? AH /a"”?
(c) AH=62.5¢cm (d AH=63.0cm
400 400
300 - . 300 |-
= | / =
X200 X 2000
S L S L
< <
S S
100 |- * 100 |-
07\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ 07\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\
10 20 30 40 50 60 10 20 30 40 50 60
AH/a"” AH /a"”

(e) AH=63.5cm
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400

300

200

Q/(a5/2 g) 12

100

400

300

200

Q/(a5/2 g)I/Z

100

400

300

200

Q/(aS/Z g) 12

100

1

=

d

10 20 30 40 50 60

AH/aI/Z
(g) AH=064.5cm

10 20 30 40 50 60
172
AH/a

(i) AH=66.0cm

10 20 30 40 50 60
12
AH/a

k) AH=68.0cm

[18 3338 +=F

A S Aol 4

A AHF SLe =

400

300

200

Q/(a5/2 g) 12

100

400

300

200

Q/(a5/2 g)I/Z

100

A0 PR =
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20 30 40 50 60

AH/aI/Z
(h) AH=65.0cm

20 30 40 50 60
12
AH/a

G) AH=67.0cm
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o 119 29 (© ~ (e 3717F EU4E Aol Wi/ U0 g2 FAY FFAo|7F S71ghel ozt
2AY f3E S5 AFel Fulol 1y
TSl ATy I sle] © 37 = Q AH = P g
o Fakd FFtolet FAH fE#F Abold BAE —— =« +pE P88k, 2 Ak
a”g Va
of AH mE Al o % pFS FHsHd ta w9} 2=
o FAY FEolel R FF Aole WAE M WAR AL W, R’ #e B
0.967= yeht dddclElet FAM Abole] ZAAATE & AL & F AUe
[H 33.16] =FA AHO| M2 o, § =4 2t
TFAt0] 2
(AH,cm) e g R
68.0 9.806 -217.35 0.9831
67.0 9.907 -216.35 0.9839
66.0 9.999 -215.93 0.9845
65.0 10.331 -227.5 0.9868
64.5 10.453 -231.9 0.9903
64.0 10.859 —248.78 0.9918
63.5 11.037 —262.88 0.9848
63.0 10.938 —267.49 0.9746
62.5 10.732 —267.46 0.9519
62.0 8.367 -212.31 0.8916
61.5 3.412 -81.123 0.9086
127 0
10F \ .
i -100
8 *
3 6} @-200; .
4} | . .
i ) -300 -
2F I
Q06T 62 63 64 65 66 67 66 66 70 4005562 63 64 65 66 67 66 68 70
AH AH
(a) =5kl 2 af] #A (b) sFFzake] B Bo]

[A2 3339 =FA&4 AH 3 «, § 4

o ¥ 33162 o= yehld 19 33393 #Zow, 1§ 333904 5ol AHVE 625

cm Boh Re A9E Aold YRE Ad YRSHE BEOE Aold BEo] oh)y] wRo
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3719 ol Aol BRIl F&Fe A mA= FFAFO] 625 ~ 66.0 cmelA AHS} «

1o 2] (3.3.17) - (3.3.19)9 &

NE,
=@
Lo
r 2
i)
i
wf
2
ol
o
W)
o
o
w
w
w
o
Lo
2
R
k7
i
o
=
r S
i)
>

ANH
32 = +0 (3.3.17)
Vg Va
a=—0.265A H+27.603 (3.3.18)
£8=16.961A H—1332.700 (3.3.19
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Kirpich

1.86
(1.36m/s)

Rziha

1.61
(1.57m/s)

Il

0.72
(3.5m/s)

Kraven

|

0.60
(4.23m/s)

F=2a%

9.12km

N
o

31.86kii

i

Al

+

A

st

A

of glodt Wl AZ f9e B5 o A

301- l?_]j

)
=
4
o

KO

-

—

il

A5 7}

=
=

A
7] ofes) AReH 22 AgHT 9
o}

S
o
=]

o
A%

<zt

K#e ATz 24

to 24

5
3

Ho
o

T
)

ol S

(3.4.8)

<

e Clark &

(3.4.9)

e Linsley &2

L
|

F=7d AH%), C

o

rH

o

B

S

2 (kif),

frew

L
) .

Awdahn, L2 23 %kn), A

el 44, b

L
)

o714 K

oH

\

)AO

+ 0.01~0.03 =<

H
=

0.5~14

(3.4.10)

K= aT,

e Russel -&2]("Flood Runoff Analysis(USACE, 1994);)

8.0~

1.1~2.1, AAA S92 1.5~2.8, A4HAHL

KR
L.

EAIA S

A7), a=

1
| .

o714 K

12.0 W4,

e Sabol #2]("Flood Runoff Analysis(USACE, 1994),)

(3.4.1D

L2
A

1.46 — 0.0867

A (kif)o] Tk

e
3r
oF

]

(km), A

+

O
B!

oF
ol

=

(hn), L

7
i
iy
)

Al

(hr), T.

¥
AO

o

\

= A

o71A, K

oy

wr

B
L] on
2| B
=l ©
—

=

g8
~N

5
©

Wl g S
Dnm“.l
=l
o| =&

nm =

d;k
| =

ok | &

" | =

w | S

T |5

o | ™

N

ol -

L3
| =
)

F]7]2 <

Fed B3

S

o 20043 8

_86_



70.0
e0.0 o Heungju
0.0 B Ganngmu
E B Jumm
E 400
::mn -
[
00 l
10.0 +
0.0 = o h d L I " | i I
1 2 345 6 7 8 9 10111213 1415 16 17 18 19 20 21 22 13 24
time (hr)
(A3 3415 T EF TS L2RE (2004.08.18)
[H 344] Huff 22 HEZ flot &2tAl+= dEZ0
Rainfall Station Rainfall in Aug.18, 2004 Correlation coefficient
Neungju 400.0mm -
Gwangju 322.5mm 0.950
Juam 230.0mm 0.428

40 a0
35 ¥
30 o
E'ﬁ -Ezs-
= 0 =1
£ *'-;'f 15
1 10
5 4
o [i]
& & F %‘;P%u;?{‘s&_&é’&f4_:;‘*#&*@;?{\@*%&’@;?@:? F A% P FP"& P 9“ ’;P o Qﬁ‘*&b{-&-&& &’P@Qﬁ
time time
(@) HEm7] AAS-F(ETFHaS5D) (b) Huff 325 °]&3 AL

b 3 2

o BENI WA A FBZL 7
(18 41T RE. 24 A DERF Fae AR BARE FEEA0]
gso] Jom, FF FUFL



o Huff B 5 AL HAFEE F9-FERdS A83 27 HFFYFS 5265m/s2 2
B ATESTR 5T Fo2 HHUL
ED0
500 ced | rinRtall
ME‘im | = Huf's mathod
E
3 o0 |
=
€ 200 |
100
0
-SSR RS REEREERRRSRRRRRE
time
(A8 34.17] R FFZ20
(5 FAATA Aol & A5 £9-373
o EjF WY ¥A GA FHAFAANE F 8MY Alo]E AFEIF AXEo AR, Alo]
£ 42 ol gdtel AAT 598 BRI o (1Y 34.181% 2o
o FAAGAY AolHe 7 22me] YFAOIHOE AlolH YR Ao A5 Fol
GAH SR Ato]Ho| 7HEEHESE HAEH A
o Atol® WRF TS eI} YRFS WY
[ 20AH
Q — ‘4 >( /I q
1_'_ 2
B e (3.4.12)
[E 345] 28X AlO[H 2 3 E4A
T &8 17] 27] 37] 47] 57] 67] 77] 87]
#73(m) 1.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2
372
Elevation 56.5 59.0 59.0 58.97 58.94 58.91 58.88 58.85
(EL. m)
2 o](m) 21
=2 Y =4 A (fe) - S T<EAA (o) - 1.0
A S AEAA F(feh) - 042, npEEAA 0 ¢ 0.012
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