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Feasibility of the Air-Bubble Screens for
Reducing Scour in Soil and Water
Conservation Structures

(*%F23F)

HFEE W2 2884 5%y h1 a8 %
HEHPF P EANFIOEL? 27p 3¢ #XRI0OE 127 317

SEER TUNY - Papra

FrmR LR k2 RER e
¢ES R 110 & 12 7

o
ol

(A2 2T P22 RS FHFE R L WEXA %K






/?% ”l/éﬁjxl-ﬁ-lﬂ,ﬁ\_?é ﬂ"ﬁ-.ljﬁ'{i‘;_‘ f“l‘i";ﬂz-“
e

Fﬁpb%lf;‘—y: /"’7&‘#5’—:,%/}{4 _j,’.ﬁy]]“}/'nb: S R“#E?TQ ‘-}»}f"h

-

o A ERDAATL Fie F R 3 P

x\“\

1 é': ‘ ﬁq:/ -E

GFERE 2R APIEET b PR S LT fFenii L i o NP
A2 FHEAIE AR RR o D RT R ER  HEROH R 5 R

EALPUE )RR 0 FIEH Y 8 2016 # A RR & 2019 # X

BB h R R DT ERPYE TR KER L LR A

rﬁé%?\OE/E-FF&’T'J?%’%kg’}‘l;é‘:%}b"l‘ig I;b—-r BT HE R GR

S
% > e pFr2 FLOW-3D i 7 #c @ ikt o F e L E E R P B
FREFEF(EEM) DR TRRREE  RESTERNF D

KRR ML AR RIS 2 S Ry o



Feasibility of the Air-Bubble Screens for Reducing Scour in
Soil and Water Conservation Structures

Abstract

Most reinforced concrete energy dissipation facilities, located
downstream of the check dam, have the issue of scouring. This project
proposes an innovative idea to reduce scour in soil and water conservation
structures with the air-bubble screens, to achieve a safe and beautiful
governance approach in a way that does not impact the ecological
landscape. The Hanxi check dam was attacked by the 2016 Meji Typhoon
and the 2019 Mita Typhoon, resulting in scouring in the downstream of the
river. Thus, it is selected as the analysis target. Scale-model using flume
channel at Hydrotech Research Institute in NTU is firstly conducted, and
then the FLOW-3D is used to carry out numerical simulation to evaluate
the effectiveness of the air-bubble screens in reducing the depth and range
(or volume) of the scours. Based on results from experiments and
simulations, the air-bubble screens design principles are provided as a

reference for future practice.

Keywords: Scour, FLOW-3D, Air-Bubble Screens, flume experiment
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SR AAMA L ESH KRR > £5:i1F FAVOR Hiisv W igfi 48 > S &
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Fie A Sk R AR R 2 T AR

MR I T &ﬁm—aﬂﬁﬁ@ﬁww,ﬁ?gﬂﬁﬁiwﬁw
FopERLS G FEWFR-ERED G VB Z TR uFH S f2 50
RS RN EAD TR SR R

e AED L BAHFRE 40T B 4-1 #ro¢ 0 @ 5La FDM (Finite Difference
Method)/f ‘= di e tedicd % 4 540k & 4 @ FAVOR H i /i 5
WU T AT 2 B M E 2

7 7
G %% {43149 FDM

FAVOR

2 7
U )

NN
N
N

®] 4-1 FAVOR $jsif 2 & 71 R, B
(=) 7R 3% 5% #% 71 (Volume of Fluid Method)

o~ A8 88442 5 Hirt and Nichols = * *% 1981 & #7415 » & &4+ p
BAR RS AEA AL A 2 BB AR E S N s T
FERIE A G 2 B TV EEAo R e 2 ER A YR FRERT
VI AR E - B A .

M AZEE S F R AT S FERGFE BN F
WMo A A S o § F=l Basd e Mfp 28m ;4 0<F<l B »
2AE ARG pd e s o0k PoOPR A7 E AR 54
oo W5V P pd o B SHBF 2% > @ VOF 2% 2 4250 4o

LS o
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5w § FLOW-3D 3 %

oF 1
——+———{ﬂ%w+- UA10+ (R4W4=F@F+&M

ot Veld X 4.8)

Vs A B A 5 0 (Ay ~ Ay~ Ap A Bl 5 xvy sz i
$30 E che ff v- 5 (Fractional area) > Fpp ~ Fsop s %] 5 i MR8 4% i
RIEBEFTEhR -

(@) RNG (Renormalization Group) & /A 12 # 4% &,

SR R im0 F 3 S e iE F AR BN 0 & FLOW-3D
kP Hix e 7 RNG #ic5" (Renormalized group model) ~ ¥ ¢ 482 &
£ R #-7% (Prandtl mixing length model) ~ ¥ — = #2 % /it £ #5%(One
equation, turbulent energy model) ~ & = 4% k-¢ #-37% (Two equations k-¢
model) & ~ A /i ficiE 07" (Large eddy simulation model)+ T & ¥ it
Bt e dm FPERELEAE ~k-e & RNG 7V &% Py
iS4 0 k- e 7 RNG H5% e ffdr 152 el ji g (2 enfih i ot ph
L N DD X 8 AR L

Py 2o BEioind o Y gIIREF R BEE G RS 2%
Lo Ft R R B KBS (RNGk-g) > st o B R ke N3 1
Aok R R R 2 2 REN T T KT S A
BHGLECEF o AP FOTR I ke 5050 A B ody AT RR 2 T T
oM EEG BBES S s BEE KT LR

f FLOW-3D # » RNG Fin @it 2 Finde i 82 Findo it of

L LG A A

ok, 1 Oky . ks ky

—Ty—lua T T

ot +Vp{ux6 vdy 6y+ WA, 62}
:PT+GT+DI’ffkT_8T ;\‘49)
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R EVET S DY TR T F 3 Lt

65T 1 der der der
ot T Ve {UAX ax | vARS, dy twa, E}
CDIS1 * &; _
=—— (Pr+CDIS3 + Gr) + Diff.
er?
- CDISZk—T (£ 4.10)

\-s-

ﬁﬂkT??/ué’m—,’PTa,/n’;é

T A TF L

M ou\ v ow
P; = CSPRO <pr) {ZAx <a) + 24, (@) + 24, (E)

av du
G st oG
)

Z0z " *\ox
G| (a—W>]}

29z " oy (¥ 4.11)

F38Y S CSPRO ¥ 8 B35 1.0°Gra ¥4 A4 BTV

% 5T 4c T

dpdp dpdp dpd
Or =_CRH0< )(apap+apap+apap)
p?)\dx0x  dydy  0z0z & 4.12)

CHRO 4 ¥ - B Fin %8> IR E 3 00 &3 s #5

R85 B enRT AL KBS 2.5 0 FEALIE AN 4o T
Diff, 1{6(A6kT>+6(A6kT+6 AakT
=02 o ) o)
T Ve 0x d0x dy dy d0x 0z (% 4.13)
HY o i
AN F A A T B R A FIARR Y G T AT T
p=pQ+uvr)
(;V 4.14)
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k
vy = CNU——

% 4-1 RNG #3 i

5w § FLOW-3D 3 %

RNG #£30
CDIS1 1.42
CDIS2 1.92
CDIS3 0.23
CNU 0.85
o4 1.39

¥o8 BNAEM S8R
- RBRMR TP R

FLOW-3D ik ) i® B Ho58 2%

%E‘/Lﬂ,:- M2 3t F) @ #,:44;,/#“

o EHEGE 2 WE) 25 BEERZ %D

Rl ~ 83E 2 3 fF 2 R o
CREXTE T X & S ¥d

1. 2R

TP vEE AL

(7% 4. 15)

LR 7 ol =

AL R R

Tj:%lg‘g%;i?i{k}ﬁ#ijigﬁﬁzﬂai;j;ﬁ.ip'/é\é4{13;?‘:B ,

E,:?CAV\ F?'J#‘;lé W D12_5 N D37_5 N D62.5 M D87.5 it :‘; O"‘25%‘25"‘50%‘50N75%‘

75~100% % 44T » B s < & b g A LAt & 42 A7on o
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FE R I ZEARFEIRBEE PRI ZT AR
% 4-2 g R4
mA R R AP (mm) AT A (%)
Dy 0.515 25
Ds; s 0.633 25
D¢y s 0.749 25
Dg; s 1.002 25
2. 2RIBR

KPR T BEREF IR L% Bt pit £ 52,6220 S
BB R L 2622(kg/m’) 0 2 L E BB BTRACT 1T o

4 4-3 10 £iRRER A

bl #iE
L EFLE 0 W) 164.040
290CT s ESEHRE » Wi(g) 661.090
30CT » s E3E+HKE - Wa(g) 661.240
it £ W (g) 125.120
30CT »qgr £HE£5EHRE > Wy (g) 738.760
30CT » 2HE Gy = 2.628
200 » 23 E 5 G 2.622

3. #i4

3
B

\\\Xy

E&‘,)ﬁ\g;-’ﬁkﬂm» /\'{',tl 1ﬁ|“"§ﬁ7fip\

LF Rk F

Bl - H3H

|

1\
N\SE
\\\?{r

=
-1}3.*

JLEER -5 S

HAh T R TN R RE

B EMBERBSY 2 EICH S ()P
FEA(1—n) FEEL R RERR
B et fopt Slico 40T £ 44 F S dicdy o P15 3

e F/’Eﬁf /kfi: 0.562 -

65

w2 4 E ARk ik -

& < k7R84 k& (Maximum packing fraction)

Fd ikt b a

>17 /A0 b4
TRz ’ﬂfﬁﬁ«

GRPE %S
LM % n = 0.438>



5w § FLOW-3D 3 %

44 2R REFHRERE

7P #ie
TR E G, 2.622
TEEHIEE 0 W) 175.840
TRE o Wy(g) 15.310
3 EMA 0V, (emd) 108.880
A EE oy, = 1.474
ILF s e 0.778
IR 'n 0.438
bR RSB ER 0.562

(D RRER
PORRE) G R A R iAo Bk e Y R R #
b ghohon S e B LS P A4k ehfE % FLOW-3D HE24 7 » 2
z RS PR I//%]I/ >384 ] 5 Meyer-Peter Muller ~  Nielsen 14
% Van Rijn o 4843 §40F #) 95 #) > 425¢ 5 3 R kG kR RS
(Rolling) ~ i % (Sliding) ~ #* & _g*# (Saltation) > 3% & - 2 %‘J o
1. Meyer-Peter &Muller
PPN R R SR LI R R ¢ S mﬁ?l/?'/
o222 BB EFHR TR AT T RGBT

.
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..... ¥ (5 ‘f’i;—T‘lE

Foe Ao SRR AR RPR 2T

# 4-5 Meyer-Peter &Muller 3#5 #icdy %

EE R =S S i ]
e F)eJE (mm) 0.4~30

SR E 1.25~4

H'E (%) 0.4~2
kiF(m) 0.01~1.2
B % LR i@ o i A

2. Nielsen
i ' GF #i;#mﬁ#ﬁﬁlm

IR ,;E_!ﬁglzx);};“ 5 L

Nielsen ** 1992 # & (7% > H A7 7
TR0 ¢ FELRE LA Ak A éﬁl%

e 2hae w4 }%H“?" %JE’/__—V#ELI °
% 4-6 Nielse 325 #icd

ok S dic it
e ®) e fE (mm) 0.69~28.65
R E 1.25~4.22
*% (%) 0.001~0.01
B* % & R
3. VanRijn
DI 92 3]

ARG R RIRE R BRI ) G Sl AT

R R A ﬁ\& B (Saltation)z_ :Fd> 3 4 > ¥ 4 T G &

WHcE 2 2 RKR AR ZER S %5;"%%1/)3,&"15@?]:': % #c

F2 8 o
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5w § FLOW-3D 3 %

% 4-7 Van Rijn 35 #d} %

R S S B )
i ®) ke fs (mm) 0.2~2
"% (%) 0
54+ B(Fr) <0.9
Bt B % T e a AL

P B g E e d Meyer-Peter&Muller #% 4197 47580 d A0 4s e
Y RE ANl LE o i 4'%14?/ D85 L R R R
) 2 AT G e A B AR A AT 0 SR R B
L@ 0 F]ptiE # Meyer-Peter&Muller F 5 i * 2 %J VN 8
Nielsen ~ Van Rijn { % & if °

(Z) % HRACEE 5 JB /1 2 8L O o (Critical Shield number )

A ¥R R TR SRS FRRBE PR

TR SEE R BER > B Rl R R 2 TRl 0
PRI AR TR PF o R EBRAED o

15 4-2 ¢ ‘s #r7 0 d Soulsby-Whitehouse ** 1997 & #73%

N RS RE Owi 2425 AP EAZFER Y o 4P Guo >t 2002
EEERHE N OGRS LR RS EH LRI EEO

cri 5-WE > B ED1y5 * Dags > Deas » Dgrs 2 #di* [tz a 7 &

f?f_/"\'tg;-i chig‘l‘-}-'; - {adchs 2
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HEL ST U SE T.F T TN

SHIELDS CURVE FITS & LIMITS OF VALIDITY:

SEDIMENT DENSITY ps = 2.65 g/cm”3, WATER DENSITY pf = 1.0 g/ecm”3, VISCOSITY pf = 0.01 g/em/s.
1000

GUO (1990) & LIMITS OF VALIDITY

SINGLE-SPECIES MEAN DENSITY =1.06 - 4.25g/cm*3

SINGLE-SPECIES MEAN DIAMETER =0.17 - 7.01 mm
100

SOULSBY & WHITEHOUSE (1997) & LIMITS OF VALIDITY:

8¢, = 0.30/(1+1.2 D*) + 0.055 1 - exp(-0.020 D*)

etk et et e

DIMENSIONLESS CRITICAL SHIELDS PARAMETER Bi

] i R R gy My g i gt

[
|
1
T
|
|

1E-06 1E-05 0.0001 0.001 0.01 0.1 1 10 100 1000
DIMENSIONLESS GRAIN SIZE D*

] 4-2 Shields & # 2 H § »c i Fl(F H5E, 2017)
Tgt 4-8 chiﬁf‘é’é"’ﬁ %4

AR RS RS A 0] (mm) D* O i
Dyye 0.515 25.135 0.031
D37 ¢ 0.633 18.798 0.030
Dy 0.749 15.892 0.030
Dy < 1.002 12.934 0.031

(v9) 7T A FEAE B/ dSO b

% FLOW-3D ¥ % 1 2 -5k B i enliin o F FEFER G 2
T Nl EFTP R F LT UBRBE ARG 2T RS 71
kE® T_i=(standard wall functions):& {7 4 & » 2777 & & e kk B (ks)£2 Ds

LLo g ——F B o
o0 e R AR RER (ks) B A T BRI R Y 0 T g B2
P25k > R0 f2 ks R AR A2ZFaphlE
Cheng »* 2016 & #15|d12_ ks &2 D 2. B en B b 7% > 4o 4-9 #757 o
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5w § FLOW-3D 3 %

249 PrRe R k)E AR IH RN RS

Reference @k m e ke R (Ks)
Meyer, Peter & Muller Do,

(1948)

Kamphuis (1974) 2Dy,

Hey (1979) 3.5Dg,

Van Rijn(1982) 3Dg

Whiting and Dietrich 2.95Dg,

(1990)

Ferguson (2007) 3.1~4.0 Dg,
Ferguson (2013) 2.8~3.5 Dgq

7k % Jm:Cheng, 2016
d 3R =UFTF B P Meyer-Peter&Muller 1% 5 iz * 1%?112’? PSR
#1245 Meyer-Peter&Muller 2. /@ & o fe kE B G 5% ;¢ 7 v ks &3
D90 o Flpt ixdp R s * 2 2 FyH s o F b RF4e Dso fr Dy & (4
Gl % 0.685mm e 1.043mm ) > #& >t FLOW-3D #3548 #-7 ik o A2 kE &/
d50 vt 3% 5 1.522 -
(&) % 1% 2 (Entrainment Coefficient) & 57 R & 1% 2 (Bed Load
Coefticient)
S % HRERSY 2017 E AT T2 EBR R R 0 AR SRR >
Bz ey ik g h TR 4 4 #c(Critical Shield number ) - 4% ¥ % #c
(Entrainment Coefficient) ~ i /& §* % #c(Bed Load Coefficient) 2 = &=
BREGEFTARR AT R/ E 2 & ¥R TR T R4 $3c(Critical
Shield number ) ¥t f| & & & 2 57 » H =X 27 & ;‘1 % #(Bed Load
Coefficient)> @ % F % #ic(Entrainment Coefficient)p few & = & ﬂﬁ% A7
o F]pt AR T Ak F % #c(Entrainment Coefficient) F # * g X &

0.018 » @ j» B §* 7 #(Bed Load Coefficient) -4 FLOW-3D 2. # * =+
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IEVET T USSR VY S R

P & 0 ¥ Meyer-Peter&Muller %J Fypai® o EiRen g icE
50~13.0> @ 50 5 M2 2 7)o fpF 1130 5 & %ﬁa?ll/}'b‘_ii
Fipom BY ST EARHEE LAY B oom AR EREY LRR L
TEF R SR R R 13.0 AL k2 SHkiE o
oy FAERT
FLOW-3D & = &4 % B S 2 BolE it > B3k 2% 4 )
P ELE 17 Sl » A @ 2 B N 5 AR T P TK
BT R T AP e REER FER T R
B iF 3R T L R A
(—) AR
Pl pdp T LA A Sl Aol R B R s R
BApIEE > R RS F - RIEIRE o @ gt S lE P R ER
PR RN PFR S 45 ) BHE m® B SI4 s RH%

IS

N2
- B

Y

=i

a W RS 1}5/)' St |- B
()R
FLOW-3D ¢ 7 5 #2107 * *t Y K E 7 b g 2484
PR RGN NP ER G B FRE Y A BT

ﬁ’

M S8 ¢ 35 % AR & B (Density Evaluation) ~ € 4 fo2bff 244 & 48
(Gravity and Non-inertial reference frame) » & #) i f] 3% Z_(Sediment
Scour) 2 2 Zki#F t44v ¥ /% (Viscosity and Turbulence) » % & 5 & > o 3%
K Y RS R R L B IR Ap S 0T o o TR R R R P Il
VTS R PE S SV SR S AT E oD Y-

PE AR AT SRR A YERE S LA

If 12
9.81(m/s?)¥ RNG



5w § FLOW-3D 3 %

(Z) AP B2 &

FLOW-3D ¥ &5 7 ki /Bl 272 B S8k 2 dt =
Bt s B E R R Sk 255 200C vk 2 15°C 7
F oo RAh Bk nAY

(v ) 8 AT L A A& 118 AR 3R

1. A@EA e

HigE e P S A P - & BAWAGKR2ZE S F
MB & & B F F)(packed sediment) 5 R % %R ¢ Fﬁis?l > & T R R RS AT
(TSN IVAR

RPRT RAEEZFMERE LR A GERE S £ 9 1L.82me
5 097m a3t~ > AHFE TS 0.97m x0.159m x0.145m >
B4 0.97m x0.5Im x0.58m > #3241 F 3K T 5 solid - 4 #) iz 5 & 4
WMAELBFET M ERAHG5 0.194m £ 0.068m > 1 F & %3

packed sediment » 4= B] 4-3 5 A AP LBl 0 F#Diys c Days o

Dey5 » Dg75 ¢ ibw &2~ ﬁj’\ °

B BERREL P DR B R A LS ARERKE T
iy FLOW-3D & * £ 223k > 7 B % % S 3] 4 (Multi-Block
Gridding Technique)iZ Xk d. @ BAP M FH L R+ » H A gt b 5
21 TARGVES DR B A d TN EZ PR &
B R L R RTR R A E R S8R 410 97

7T °
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IEVET T USSR VY S R

-

W 4-3 #AB P LW

% 410 4 S HR LA

B S E Mesh block1 Mesh block?2
Q2,Q5,Q10 0.025x0.025%x0.025 0.015x0.015%x0.015
Q25,Qs0 0.05x0.05x0.05 0.025%x0.025x0.025

2. HR s

FEE R E R s T E ~r Volume flow rate » 3 & F im0
g+ aoE I FAR TS S TR R RS R
Outflow » @ & /e 2 T Hil £ 5 K T 5 Symmetry » A0 ~ i B3
*iRgh Wall> d SM R A BEHE LA 20 S P EEE o B
Ay i - EE Y Bz FRhEE L Symmetry > T8I0 B4
* FE K 38 Specified pressure > - € & 7 i B-RTREFE L 5 R 0 &g
- F IR AL RALERTEF T F F o EF AR UL
4-11 ~ ] 4-4 #577 o
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5w § FLOW-3D 3 %

4411 FRiECRTE

#h LA Mesh block1 Mesh block2

Ximin Wall Wall

Xmax Symmetry Symmetry

Y min Volume flow rate Symmetry

Y max Outflow Outflow

Znin Wall Wall

7 max Specified pressure  Specified pressure

f
=

W 4-4 HoEeE R

7 & W

m ..!’ /g”}%@\ﬂl 7

B R MR b R L R TS

TR LIV BACHTT o

% 4-12 xR ABR T i

CRRE RS

S5 K £ (cms) ‘K i+ (m)
Qso 0.00691 0.0630
Q35 0.00595 0.0622
Q10 0.00337 0.0476
Qs 0.00261 0.0358
Q, 0.00168 0.0159
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Fe A gk R AR Rk 2 T R

Foeat AP U E S 001 A 2 4BATHER 0 B K] ]t et
ESREURIEC S Ay SR = 3 R R AR S = - SR

PR FE T 2R -2 et BR A - BK LK
A2_F e3> £ B 5 dem x0.11em 0 4o 4-5 9757 > T BTG F K A
- EFH R e AT NELRE AL A




(XTI TER

5w § FLOW-3D 3 %

PR K T A2 3 AR B R Jeabit 4 R AT el iE R

fﬂ% FLOW-3D # it £ p 2£:2% > g PR E (time step)ifg ~ H3k T &t

FATRRAPF RGP BAEHE RS L > KA ERH L

0.001~0.0001 # > & # % Fim B 73 % & 5 R4 £z

GMRES(Generalized Minimum Residual);2 » ] GMRES /% £ 5 2 4F ¢

Jearth 2 $HEE @ IR d A A AR R K TS

FUH A BRI H E RFR T R RER T £ 4-13

# 4-13 2751 o

% 4-13 BiEirH] S8k 24

P A £

Time-step controlled

AL A R &
Initial time step
B PERE &
Minimum time step
SRR

Time-step size controlled by

0.001~0.0001

10e-8

2 foaci

Stability and convergence

B RfRES

Pressure solver options

1 A2
Implicit

R & B flapiz
GMRES(Generalized Minimum Residual
Method)
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R EVET S DY TR T F 3 Lt

% 4-13 BBy

#1 3-8k L& ()

YU Vel S £ 9

Explicit/Implicit solver options

el T S A
Viscous stress Explicit
on e
Advection Explicit
pdAoa R4 L
Free surface stress Explicit
- *ﬂ*ﬂﬁ kSR ] B ¥k T
Volume-of —fluid advection Automatic
8 ¥ sg - I
Momentum advection Frist order
Rl K fRg fade & &g 5 A5

Fluid flow solver option

Solve momentum and continuity equations

F2E KEHRSSAHB
- BFELIZEELEE
R yE & Bk 20 SEE ki B A > FLOW-3D #5348 T 250
Rl » b | B R OSEOR B SR 0 4o Bl 4-6 1o 0 R A T
AP e B A M FRE TR SR E T BEET A Q

2k TR BHEFHREFPR D L Q08 Qs

*wwﬂ-a‘i r_‘]J‘/HLj\—E//JIEﬁ&"’n%%ii}?}j\j/ﬁ " ’%3\
AU R PR 2

4R %@?Jz/)'rii FRF) D b 2 B MR
-
n
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5w 3 FLOW-3D Hi3g i &

Q2 Numerical Simulation
(except Air-Bubble Screens)

= final = =start dam sill
10
—_ 5
5o
~=
% -5
= -10
g -15
(5]
“ 20
-25
0 10 20 30 40
Distance (cm)
Le vt N -2 L
(A) ERPIE2 ER T2 HiRES
Q5 Numerical Simulation
(except Air-Bubble Screens)
final = =sgtart ——dam —sill
10.00
5.00
T o000 — N - e ==
i -5.00
< -15.00
3 -20.00
3 -25.00
-30.00
-35.00
0.00 10.00 20.00 30.00 40.00
Distance (cm)
(B) £IRWIES EinT 2 S
Q10 Numerical Simulation
(except Air-Bubble Screens)
final = == start dam sill
10.00
5.00
g 0.00 e e e e -
: -5.00
‘9-10_00
< -15.00
5 -20.00
2 -25.00
-30.00
-35.00
0.00 10.00 20.00 30.00 40.00

Distance (cm)

(C) £RMIE10 558 2 W%
W 4-6 FLOW-3D #2588 £ 72 1 7% 2 % % ]
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Fie A ek R R BRI

Q25 _Numerical Simulation
(except Air-Bubble Screens)

sill

dam

final = =start

10

-5
-10
-15
-20
-25
-30
-35

0 10 20 30 40
Distance (cm)

Scour depth (cm)

(D) £ B FE25 & in B2 Wi %

Q50 Numerical Simulation
(except Air-Bubble Screens)

= final = == start dam ——sill

10

-5
-10
-15
-20
-25
-30
-35

0 10 20 30 40

Distance (cm)

Scour depth (cm)

(E) €MPIES0 Ein B 2 Wk %
W 4-6 FLOW-3D ik g ¢ 12 2 5% W

RIS AT B P RER LRI R % 1 T I 4o 2 4B
o aFEAFRFRSAINEZPE BRI ER B
BlF P B2 1 > dodk 4-14 9757 o
% 4-14 FLOW-3D #3%2. #* FiE R %
KR AP RIFEm) kS RFE(m)

Oso 0.234 0.307
Qys 0.251 0.307
Q10 0.093 0.197
Q- 0.073 0.141
0, 0.032 0.074
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FERE AR FERT 0 AT F BRI R (QA/QW)IR A B
BB 035 R A g iedt 2 R R %R §EHR

D
I
Pl
‘L’D
-
&
o
>
S
z
o
En?
%
i
£
7+

[N
}i‘@
rfﬂ
H
34

WA % B 4o ] 4-7 77

Q2 Numerical Simulation_Air-Bubble Screens
(QA/QW=0.35)

——final = = start dam ——sill

Scour depth (cm)

0 5 10 15 20 25 30 35

Distance(cm)
(A)ERPIE2 # 8 2 B %
W 4-7 FLOW-3D i3 § & 1 72 (QA/QW=0.35)2. % % ¥
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Q5 Numerical Simulation Air-Bubble Screens

(QA/QW=0.35)

——final =— =start dam ——sill

Scour depth (cm)
S

0 5 10 15 20 25 30 35
Distance(cm)

B)ERPFES £ in B2 %

®] 4-7 FLOW-3D 3% # 5% 1 2 (QA/QW=0.35)2_ % % ]
FoAER S AFR D AERPIE2 T E T

LM ERC PRI B FE e L2 (T > HRT MR R RS e

(D) RBFUNG A EBERHE R
RIHFHEE RFFEI LR S 30 B2 EEHRE S
Bz F Bk (QA/QW) ™ 4 0350 3 & e ens #BF E v chf
PR30 R > MEFF R 2B ER > A F SRS E AR 48 47T o

Q2 Numerical Simulation Air-Bubble Screens
(angle=30")

——final ---start dam sill

10
- 5
g
g 0
=
§4-5
= -10
2 -15
9
“ 20

25

0 5 10 15 20 25 30 35
Distance(cm)

(A)ERDIE2 &8 2 %
W 4-8 FLOW-3D i3 § e 12 (> 5+ & R=30 B)2Z % % W
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Q5 Numerical Simulation Air-Bubble Screens
(angle=30")

final — —start dam sill

10

-10
-15
-20
-25

-30

Scour depth (cm)

0 5 10 15 20 25 30 35

Distance(cm)

B)ERPIES Ein B2 Wi
B 4-8 FLOW-3D #3854 ¢ 1 i3 (> 8+ & =30 )2 % % [

ARHHRN LR R AN R A R B g F e 1R

N

2 PR EHS 0 I RIER Y G o o
2~ REERSFEHE

e E g BB FIeE 2K

£2 AR o BT F g o RBIKIR 2 B 0 E DR E R

o @ kY Bl 4-9 ~ B 4-10 #rom 0 B F 0 32 Rk 0 B S gt
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