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Experimental Study for Capability of Air Slot in Siphon Spillway to
Control Outflow Discharge

ABSTRACT

In this study, capability of an air slot in a siphon spillway for controlling outflow discharge is investigated through hydraulic
experiments. Arc and rectangular shapes of air slot are considered and the open area of air slot can be varied. Complex air-regulated
flow occurs inside of the siphon spillway when the air slot is installed on it. The same discharge is measured at the same water level
inside the reservoir when the water level rises or falls. Nondimensional discharge through the siphon spillway decreases as
nondimensional open area of the air slot increases when head differences and water levels of reservoir are constant. The hydraulic
experiments show that the control of outflow discharge of siphon spillway is possible by controlling the open area of the air slot.
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Siphon Hood

Air Slots

Fig. 1. Example of the Air Vent and the Air Slot in a Siphon Spillway
(Babaeyan-Koopaie et al., 2002)
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Fig. 2. Definition Sketch of the Model for Hydraulic Experiment

Fig. 3. Siphon Spillways for Hydraulic Experiment

FAIEF-501 00A)E Adxsle] o] 28 9 AlS] 7Fss)
5 35tk £ e 34 7hs 55 RSIE 0.03-12.0 mi/se]
1, 802 k= 0.5 %otk FEAlI= =87 7(KOLAS) =
B 39k K-Water ol - wAS 305k 5 2183131

. 35 2 3HS 9] AISS Slal dhRell= PEPPERL-FUCHS
Aol AR Zat 9IAI(UC500-30GM-TUR2-V15)9} -7
o= KENEK Ale] TjR[e EIEA0|R|(PH-355)E =3}tk
283} Z9AlE= ZAAEY} 360-500 mme)iL Easo] 0.05 mm
olm], tRE FIEAAR= Z78712] 500 mm, #8fs2 0.01 mme]

1

kv}

o} AR ARl A R(EREh S 38R ARjsle] R
< Fashelal A A W A FARKIE Alold REe
T3 ofZHE AFRsle] U 55 S0 R BRI Q=S
Ik el thet /Nd == Fig 29} #Zow, AX|€ Alo]A
sE|RELS Fig. 33 2rh

gom, #A] = 60 cmolld 80 em7HA] SRS1E AFSAITTEA
FFe AISSHL, 80 emol 45 em7BA] A5A] p9tE sHA7 I
1 s o AlSBIsieE dde] A3 e 271EddA9
G 9 HHS HAATEA vk R E

Aol AAE S7IEPEA] T el mE R HE
£ Sf3l S7IEdRAIE Fig. 49k o] 9% 9 Ay G
A8t 1Al 371 Xel £ AAJEte] s was

S

Vol.39 No.6 December 2019 705



AFOJH ol=R 7| T YR (air slot) 2]

T

e 2 Seol oet Ay A

Ed B2 B
-
open
} E=li=]=="
B B EEh
(a) Arc Shape (b) Rectangular Shape
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Fig. 5. Shapes of Modelled Air Slots in Hydraulic Experiment
Table 1. Conditions of Open Area of Air Slots in Hydraulic Experiment
Arc shape Rectangular shape
Cross-sectional area of siphon (cm?) 78.5 Cross-sectional area of siphon (cm?) 78.5
1 step open 2.052 1st row open 2.102
Open area 2 step open 4.104 Open area 2nd row open 4.204
(em?) Fully open 6.156 (em?) 3rd row open 6.306
Fully open 8.408
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Fig. 7. Air-Regulated Flow Inside the Siphon



YA - %
7.0
65 Ny
| Y e ‘:—-r"v’,b/
L T T -
A -y —_——
F A—’_zr"'//*—"_'_
LT
Q [ AT
E 6.04 Forr
*
I — - wd=0
55l — —A— — w/A=0.07838
: ——v—-— @A = 0.05225
T ——e—— wA=0.02613 °
r o] analytical solution
57\ e e e by I
'%.0 0.5 1.0 1.5 2.0 25
5 12
QATV4D g™}
Fig. 8. Nondimensional Discharge Through the Siphon with Arc
Shaped Air Slot
T wHo) BN B IEYINE §3 3719 BT
Z7hshaL, o] ofaf BHFE Hashe Ao ekt ol

AlolH B2 Uil filuls 37IRS Edto A R 2
o] 7Fe¥he HolEth

4.3 T2 ZII2UERQ| s HEo| K2 R
ZAZYE 7SR ARE A9 FRREAR A9
Fig. 9o VeRlSIt) A= 953 371&9d=19] 45}
[e]

¥
3
<
:
3!
_u)
I
oi}:]
oii:
X
Of
o
_1
4
=
j>
f
R0

o,

ox

oy

e
2o

2 gssiglon], A5 Wae) 597} 34 o

B A Ae) Flat fre] ASHAT 25Y B

—_—

2 o
o—ii
fo
=)
i
5y
A
fru
s
I
&
=
e
)
/_@
)
<_
h
p—
o
iy
|
o
mlg of
o o rfof

=
AP} 2218 A9 B VEPEA) TN W 228 B A

p

Buo] fHE F1Ee 20T A AolHe FI PR
zdo] 7Ptk
A9 SR} A9 B NEPRA o] W A 5

< Fig. 109 JeRAIT) Fig. 10 9353 3718934 4S
H&3E 7] Ao, Fig. 10(b)= AHHE & 57184

288k o] Aotk F A= Z ot §lo] A2 AR
1ol A] FR1%E &= 9tk Fig. 1004] Aol Wi (e) <]
FolQl Tl 72N A Hf Dy} 6,094 frede] “d=s3t] ket
ok Z1E)ar, Afels 279] 50 % <) T (A H/ Dyt
6.5 oFollr WFE Ayt Ptk Fx) 53 A H/ D)7t
6.07} 6.5 Ato]e] ololl F7IEYFA7} AdR|=]o] Q17] wjiTol

O:
rlo

A - olE
7.0
6.5
- T
> - -
L g L
I's Ly J—
- // > //._————:‘_"_ ________

-
6.04

AH/D

—a—— a/4A=0

55 — —A— — a/A= 0.10705
: —-—v—-— a/4= 0.08029
T ——e—— w/A= 005353
3 ——t—— /A= 0.02562
3 ] analytical solution
5_% L Ll T T I T L
.0 0.5 1.0 1.5 2.0 25

0/w4(D’g)"")

Fig. 9. Nondimensional Discharge Through the Siphon with
Rectangular Shaped Air Slot

o] 7bo] A WhReke] Wslr} wHERIL) Fig 102 S5 2w
TR FRTRe 219 F1EYRe] WA(a/ A)T
2219 S5 A H/ DYF B2 52K Q) (n/4/ Dg )yell s
=

S F AL FAT 5 ek 53, TR F7EGH
=

4.4 Z7|=EX| Solof| wE 7

A3 2 2R F7IEFEAPE AXE Bee] AlelH R
of thell A o= Hlw-HESIGIcE 95 2 2R 71Esbd
A7} A ALo)H WRRke] Al WiE-g }o](relative percent
difference)& The 217 o] stk

%100 (11

P, B 25 9 AN TEQRAE A4 Aol
R A e Aojg ek T2k, @ 953 3]
WA} AR AJole) WA Q& AN F71ERA

7F AR AfolHe] WS Stk Fig. 10 vehd 9o

Vol.39 No.6 December 2019 709



AFOJH ol=R 7| T YR (air slot) 2]

0.03

0.02

0.01

0.00 !
54 56 58 6.0 62 6.4 66 6.8

AH/D
(a) Circular Shape

=
W

54 5.6 5.8 6.0 6.2 6.4 6.6 6.8
AH/D

(b) Rectangular Shape

Fig. 10. Variation of Nondimensional Discharge (Q/(ﬂ'/4 \/D‘r’g)) Through Siphon with Both Nondimensional Water Level Difference and

Air Slot Area

WEE 2olS AR B 14.65 %= WE oM, 371 &3
7F 2P 3R] 73S 9 R T2 TIESEA]
A ] B A vl ol 2R B3l eved
A 7 S 248w, Fig. 4(b)9} 2o] o 37128
FH Fe R IVIEFEAE ek ke FA37] wEd]
Aoz Aekdty AR e AR @ 371 A
B} old ¢ Alold WiFR 371 A2 fd=R] 271 vzl
Aol F3 frde 93 R FA vepdtt ol Fig.
10(b)ollM = 2HIgt 5= Sl=tl, 7% contour”} A &
S7IEJFA 7 T 1A FRol A Adsste] A
ol e &5 ok whd 3 3] sTIEA =
Fig. 4(a)s} 2o] s)dshair] wize dsly] wieol, 3 371
b e o B e i Bl i B VA i A )
AA] eele] wslel] =7 ZdRgle] s Aol Ui <)
7] wzol AFE @3 ISR AR Aol H o
vl AFge] 2l et

tlo

™~

52

5. B2 BNZES 50 9F TF

[ Wy M B — =

or

=E

£ HoMe AlelH ofFR Ak F71EY A ] TR
HAZAS S5k frdd 2l diell A=k 75w
2 Alol# ol WHFEke Fig. 119 YeRiIT Fig. 11L&

3] SLeF Al BT TR HAef whet
o) o]/ HBBF=AIE HolEr) HES 913k AeA]e] ¥
FohF F9IRH A H] D)o] H9I= Atel# ofR Heh Siete]

Jn &

o

710 Journal of the Korean Society of Civil Engineers

$0l(hy, Fig. 2 Fm} e $01(hy) 21912 6.0-7.0 T2
AR of o] Wl B/ IEWA WaEES Be U
% 20 7Fsal) Wiold): Fig 1@ 253 7153348
25t Aol ofire] WRBS Lhehiel, Fig. 11(b)E A2
P TNEPIAE P Aol ofe] WAL Lepirk
Fig 1€ 53] 730190 71842 W] 2715 Salat
AN o] gashe e AT 5 glrk A5
AR 9] 619 B, FIEWRAE B B TR
7301 05 oJ3hz WA etk A549] 5 9137} 639)
Aeels BEDPA] WA sl ek 2D 4 o
27 wske ROz etk Wl A4Ae) kR 91k
6891 9= A5 FRE 97k Aol ol e g
solo] Sutste], FIEWEA ol WA glo] A AT
e ATk

INEPERIe] WA B HY SHe Fig 1194
AT FNEWEA Dol frge) BEE Fa) 1T

H T
Utk Fig. 1194 F29 37]1&78=x]2] HAo] 03] Z5-oll&
3

e}

ol

=

=
oA T2 BNEYEH) WA o] 0.078379) Ag- =
S 02-2.5 Alolo]l YA EEshc) 2Ar2Hy 37139073l
= 7R F71ERAH] WAe] 0.107052) B FAL frEke
0.2~2.5 Aolol WAl BX3ITL =, A5A 37 591 394 Al
Alo|HE FoH RIS waA] AT it ) F
FoA|e] TR WAL v|wE A 3 Aar) I, HEY
8] A7) S AR B)EA] AT wd

WA 2 §AA ek e & % ek

X

P

o



A -

ot

w
3

w
S}

25

/{4 (D'g)"}

0.0 | 1 | | | L |
0.00 0.02 0.04 0.06 0.08

a/A
(b) Rectangular Shape

Fig. 11. Nondimensional Discharge (Q/(w/4 VD%g )) Through Siphon as Varying Nondimensional area of Air Slot
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