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Experimental Investigation on the Efficiency of Reducing Air Bubble
Formation by Installing Horizontal Porous Plate in the Submerged
Outlet Structure of Power Plant
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Sang-Ho Oh*, Young Min Oh*, Keum-Seok Kang** and Ji-Young Kim**
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Abstract : In this study hydraulic experiment was carried out to investigate the flow characteristics in the
submerged outlet structure of Boryeong power plant and the efficiency of bubble reduction by installing
horizontal porous plate in the outlet structure. The cross-sectional mean velocity in the submerged outlet
structure was smaller than 1 m/s, the target value at the design stage to prevent bubble outflow to the open sea
area. In addition, it was found that the maximum depth of bubble penetration is reduced 30 to 50% by
installing the horizontal porous plate at the second falling location in the submerged outlet structure. It is
expected that the total bubble amount entrained in the water will be most efficiently reduced by installing
square-hole-shape porous plate of 20 cm hole size and making its central section as non-porous structure to
dissipate the energy of falling water.

Keywords : Power plant, Drain channel, Bubble reduction, Submerged outlet structure, Hydraulic model test
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Fig. 1. Schematic diagram of the underwater drainage system.
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the current flume.

Table 1. Experimental conditions of water level
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R k
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Table 2. Water levels of the eight measurement points

Point Case 1 Case 2
A EL.(H)1.9 m EL(H)25 m
B EL.(-0.6 m EL.(-)0.5 m
C EL.(-9.0 m EL.(-)9.0 m
D EL.(-)52 m EL.(-22 m
E EL.(-6.3 m EL.(-)54 m
F EL.(-9.0 m EL.(-)9.0 m
G EL.(-)5.7 m EL.()1.5 m
H EL.()7.0 m EL.(-)7.0 m
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Fig. 4. Definition of maximum bubble penetration depth and
mean water level above the porous plate.

Fig. 3. Plan view of the six different porous plates.
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Fig. 4914 Di= 22k S8} 91A]ellA 752 Ao #112)
ol& vehH, Wi 78 fawe] AxE A9 24k o
3k 91219} 375 Abek Ato] 3 el A a3t A
FHORRE FHZA ] AAA HEghs vERd
ok 8 frEao] MAEA g Bl e 7
Mo REl9 o] Waks AHFsIAT. Ale] 2
d AFe] Byze] 9 Fuel v FYAnict

/VJ tﬂ@rﬁl 2= 01 owug 7]— Al%l 710 r,H

(e}

F

rlr

BN

h=

4% 108] WA} AFY Bl 2
TR AT, AF BUCNE BrISR:
frgwo] AR % A 9 Fig 390 6 3
£ o3l 744
Z

ol
e
2
>~
B
O
10 ™ 19 e

N,

N
B
He
o,

Mo off mh Y o M\

P

N, o
—10 o2 e
9

o
3

frawel 4AE F 7 4

=2

.
o,
Jo
]
s
=l
|t
Flo
~
=]
Fu
m\l
R
iy
o
rl
[«)}

Hu

gz
o
of
o ol
ll
-

N9

o
it

)
QL
&
4
o
o
ol
Jus)
o,
=2
-z
B
_0|L

s
i)
)
>
%
o
&
o
ol
38
v
o]
G
W
o =2 2 e

By
ol
ol
X
o
o
BN
N
g
|nl
f|
l
to = r

R
o
o

N
ool Q@ o 47 N o X 3

N
ofl
o
“Jr 1o
4
of
Jo
o}
)
o
e
P

=2 B
£ ol
R

v o
ofy
o2
_0|L
Ju
e
2
$
Dy
P
"
S
N

o2
i
3
o
&3
aa
wn
=2
R
ol o
rlo
%

o ot ol
2 n2 du
%o o2 b 4
off Jr A o
=Y

O 1l

i)

fof o o ol

12
A o of ¥
el do
> ot
g
o
2 =
-z
.0
i)
2
>
-y 4

oo
rl

N

2719 e FAR7E 2A ol
m WA @) R AT AT B o
A ) 59 F3 ARl Hebi s A
o 7] Aol7t GloiAl ARl IS B A

o] % %g HrksA ik

[\e)
24
OZEJL
s ol
_‘ &
w
(¢]
[\S]

o o 32
o 1z |o
a=
(o]
) °1~ =

A/D/G: 0.2h, B/C/E/F/H: 0.6h

=
[=2]

o
=5

v, (m/s)
=
] L1l le.[ l L1l

S
™

T = == - Porous plate
- —®— Noplate

i
=
[=2]

LN L S B B B S B B B B B B B B B B

0 10 20 30 40 50
x (m)

A/DIG: 0.2h, B/C/E/F/H: 0.6h

0.2 -
3

0-2
-0.2 —
-0.4

v, (m/s)

A

0 10 20 30 40 50
x (m)

Fig. 6. Horizontal and vertical mean velocities at the measur-
ing points (Case 1).

3187 /5%
Fig. 691 Case 1 AF 2o A 2 EEwgk 4l o
o FETE ‘/]rE}"H‘;’Zi‘jr A7 e
EL.(+)3.9 m 0] 9FHE HogRE FFO029 5
3 AYE YEpH, mebs *}F“é‘rorfr vZF &) g 7t
| o] EEFL Fig 1914 QEFoA A% WFo=

£

3

my



WAL ST W R ARl whE A Azt el vet AdE AT 477

A/D/G: 0.2h, B/C/E/F/H: 0.6h

] H
1A
0.8 -4
Q) ] "G
E 0
=" 4
-0.8 -
| = 9= - Porous plate
|
1.6
0 10 20 30 40 50
X (m)
04 AIDIG: 0.2h, B/C/E/F/H: 0.6h
0.2 A
0-#
0 ]
g-o,z . "
=04

B e LA B e o o o o o e e o
0 10 20 30 40 50
x (m)

Fig. 7. Horizontal and vertical mean velocities at the measur-
ing points (Case 2).

EL(+)8.30

EL(-)1.00

EL(-)3.18 |

AAE % s dAeA 4 499 50 em A
2t F5-h(Sq-50yS X8 9 Alololl =3 4l ¢l
2] g Aol A YISth FE RS 2 AFRS
25 ASA FelA Auigke] 71 Zon, 1 3k 77}
1.09 m/s ¥ -0.28 m/siT}. SRR AN Tt
40 Hzhe oF 1 ms oUlZ A48t AS HXE
ST, ol FFo® BE AFo] QE wiEE]

HoZ Frtsto] Aphe o] FA = =5 517

2

AT} Fig. 69 BQl A2 RE] 5UF1FE o]
Z20& TN, 5 AU AFo] s )

FHOF Filsto] apchd Qizhel ¥ E 4
RO dgFHr)

FA, Fig. 70 Case 2 AP NA 9 F5415 4
& ALY, o] A- E %] Hulgke ASHE F
oA 1.07 misR o, A& H-5 Aolgke] gk ASH
GellA -0.85 m/sSitt. 38, A5 ColM Q] A7 42
H FTHS AT Aol 2032 msRaL, 8 ek
AR81A] ¢ o= 0.14 m/sE Tha xfo| 7t FA Y
Epstet. o]gAl 917 {459 2jo|7h ASh= o]fii= o] A
H Z7elA= 8l 297t 8 e A YRR =
obx] 2x} w8t x| ] Ak o 7 WA 2 3

A3k 5] PYsH|, 59 fI0] BRY Aol

o
o > 2 3% b
4y

3O e
(o o i
o ~
=L
=2

u

o 3141 BFol 7 fERel Yo BF A7)} o)
A7) whEQ) 202 ek,

averfopping
reservoir

Ay
O

£L(-)2.00

——_EL{-)5.00 H./\‘ ‘ P

EL(-)7.00 %\\\m‘h&"/// EL{-)7.00

EL.(-}10.00

£L(+)8.30

EL(+)1.00

EL{-)10.00

overtopping
reserveir

Ve
Nﬂ;}' \\_
EL(C)7.00 \ I // /

EL(-)10.00

EL(-)2.00

Fig. 8. General flow patterns in the underwater drainage system. (a) Case 1, (b) Case 2.



478 T - Y

Fig. 89l Case 1 ¥ Case 22 HF 75 A5 21 =
FH SRR U S5EE R 75k A

AlBF3ITE. Case 19] Aol F5HF7T2 U ©50°] 3
75 4 c}f’é O sz b, Case 29] Aol A
el Atoof| A RIAIAEEC & T A 3] -HEs EF0] U
Bhee & o 3tk

32 AHES HZo| H £MH=0|

Fig. 99l Case 1 AP Z7 9 tfsto] 23} e} 9=
| % frzao] AR E A kS wl(Free fall), €HF
- 3-3H(S150), 80 cm AP -3 ¥H(Sq-80) ! 20 cm A}

Y F-39H(Sq-20)0] AAEUE W] AF LA =
& Z7F AAERleh A AR 84l 8 fE
(Sq-35, Sq-50 Sq-65)= AAIEHAS wle] AT LAY
72 Sq-80 E Sq-207} fFAFEFS S thit AE2] 4]

o] 9l fz=o]7} i AolE YERQILt. Fig. 925
b Ao wmM 23} et 21Xl A ] A

2

O

S1-50

Sq-80 Sq-20

Fig. 9. Difference in bubble formation according to installa-
tion of different porous plates.

FE

:
2,
'y
R
of

Sg-20 Sqg-35 Sg-50 Sg-65 Sg-80 SI-50 Free

S$q-20 Sg-35 Sg-50 Sg-65 Sg-80 SI-50 Free

Fig. 10. Mean values of D and W according to installation of
different porous plates.

ot
=)
-
ofy
e
i
L\l
o,
N
ol
N
ol
ok,
X
n\
B
p'h
M9 B y9
o X 2 o
(o3
o

flo o o [

ol
ol
Z
:9‘ ﬂ]l‘ﬂ:
o
>
Rl
<L
N
o h
=)
jin
02
o

FH(SI-50) A
ERIA W, AR f52H(Sq-80 2 Sq-20)2]
AZEG 5 WY Fdol AA 24 it $1A|
FEAR] 907 oA e et
4 Ut

Fig. 10 54 &

%9 AR A2 B2 g AR 4D 3
(¢} )
T 7‘<

=157

e,
on
o
-
Me ool dit ) on

O{N
o2
W
o

)
o
o
o
]

o thste] 22F S} 1] ellA 2] AE Heh¥kdz
Bt ol Btaks UERd Zo|t}, 231 U
o 3 ST Hx|E Ao AZFe #QlZlols
A AA Badta, Az s 1y 272 29
of whebA #lzle] A a3l o A vERES & 5
olt}h. £33 (S1-50) FaTS A= A9 23 Y3} 9]
2)elx1 2] A FHrjiizlol= AHrHsiAlel HlsiA 34%
Aot e, Alzbrg o] Z717F 7 £ -5 3H(Se-

N"‘L‘



WAL ST W R ARl whE A Azt el vet AdE AT 479

2| AL, S8 v04 AF7h 7 fraatelA =
WA FHEolE S7A717] Wil Ao Akt
3 FTR(S1-50)e] Aol Aetatal ol vlA
=0)7} 53% Z7ketlar, AR e
SFA] ol 1] 3fA] 34%(Sq 80)~49%(Sq-20) =7}ttt A
b ks 7 A AESE 5

o] Zitk. 1eut, o] B Aol FHzolE 23k Yt 914
SHFS AP ol BTk Wek] wiiee] o]

B S oA 32k Hetehe f:fiAL

kA, Fig. 119+ 50 ecm A+

rlo
i
z,
N

By sk

of Fais FaekA] ¢ A-(No cover), Faas
e Sl Ak ﬂo—?‘(Cover UP), T4l
245k 73-9-(Cover-C), 5ol F213F 7--(Cover-DN)°l|

Cover-UP

No Cover

Cover-C Cover-DN

Fig. 11. Difference in bubble formation according to covering
some portion of the porous plate (Sq-50).

thato] Z4zf 23} Hah A eflM o] A& B FE
wato] AT, Fpae] 2 91l wabd A%
1 gedo] gekaln, AFYE Hol7} A5-S H4
Aoz geIg 5 ek, o) AY Fywe] B2 9A)of u
B AES] 5% B9 Pl T2l tehty] bl
Fig. 110 K91 A Y 22} Hsl $lxlollM ] A% Hoj
QZlo| & AFZAR Q2% F9ok S-S AFR 920l
22} 7}8}aL o] 2 DI, D2, D3E EASIGITE F-3ko]
F2 9130l whet 7Ee] BYHA ks delM g A
F Hd#dzlol= 007 APt T39S o] &3 A

= A, Fig Lol AN AN A
}\1—94 3 1:].1\4 7H_/] Nzﬂ @.\,]— _% =g H] ].031;].

9] 7%, Fig. 9~100f 11 239 A7
oﬂ H] °H7‘1 ;H/\-];Ho] 7.]% L}\gal:o] 1;1 u]-o]—o

ml> o?L‘ }-E] i

[e

Fig. 12 7335 23} 9a} 9)x]of] A28 {329
WRE, B, SRS 42 #3499 DI, D2, D3
W WOl FEE TR PAA ke 99 A
Al ste] vERd Zlo]Th. Fig. 12014 & 4= QLo 23t
3t 2R AARSelA ] A% Hol#sizle] D19 ke
FRE F4 U RS0l LR AelE Frw 7
Axh 938 T4 W2 R RS B2
& ATAL 9 fTL TI 219 Y] 4

%k ] 0 OM%‘ID} 53], AH?“]J?J 717} 65 emQ] 7
G-of] F-a-3ko] 2 Ya} A Tl AAEHA =W

FEollA el AF #dzlelrt vl A Yebskch, ARz
o] 717} olHT) B 2 $q-809] A$-ol= 23]8 DI
9] o] BR FolA, Sq-65RTF AP ) 77 A
Al A 5% {82 DI ik fAFERSIT o] et &
A2 o] Yehh= o]f= HEskA odAnt, 4 A
e B 5 F-EW Sq-659 Sl Fgwo] Bz
785 22 et AR eA o deHrEe] dNot HARS
AT S Bl wlg- & Busls Z2rle] Ao 5

i

N

\



480 oA - 9

4 7| —— cover-DN

—=— No Cover
—— Cover-UP
—&— Cover-C

4 | —— cover-DN

E €
5 | 8

2+ 2+

14 14

/)
0 — . — 0 e
0 0.2 0.4 0.6 0.8 0 0.2 0.4 0.6 0.8 1
Hole Size (m) Hole Size (m)
5

4 7| —— cover-DN

0 — T

0 0.2 0.4 0.6 0.8
Hole Size (m)

—a&— No Cover
—— CoverUP
2.5 | —=—Cower-C

i Cyvar-0N

0 r r r T T T T T T
V] 0.2 0.4 0.6 0.8 1
Hole Size (m)

Fig. 12. Change of mean values of D1, D2, D3, and W according to installation of the non-porous plate.
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