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Pebi |y A AR HEES 99 duyA dAd WE id =

O HiHY #HolAgde PIV 4S5 $13l Python I Jupyter XZ=213S AF§-3gH
olnjx] A zm= sjut

O ojmA =E=(oad) F A A4S A ojmx] WE A, =d2F FEs

A A= v~ (masking) 29 2= 73 (E 219, 19 2.1.71)

#0219 onA 2= g A v S

1 # Display multiple images
2 im names = ["11", "21", "31", "41", "51"]
3 im list =
[f./PIV_left/arrow_basic/CO01H001S00010000{name}.jpg’ for name in im_names]
4 case_names = ["0.004 CMS”, "0.006 CMS", "0.009 CMS”, "0.013 CMS”, "0.016 CMS"]
5
6 # Load images and store in list [phase, RFP, CFP, YFP]
7 ims = [skimage.ioimread(im name) for im_name in im_list]
8
9 # Display images
10 plots = [bebil03.viz.imshow(im,

11 plot_height=250,
12 title=name,
13
interpixel_distance=interpixel_distance,
14 length_units="pixels’)
15 for name, im in zip(case_names, ims)]
16

17 # Link axes for zooming

18 for i in [1, 2, 3I:

19 plotsli].x_range = plots[0].x_range

20 plotslil.y_range = plots[0].y_range

21

22 bokeh.io.show(bokeh.layouts.gridplot(plots, ncols=2))
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(extended search area method)’ & AL&-3F o, R

e

o} 31 2] & (cross—correlation algorithm) S %] &
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¥ 2110 o)vA B2 2 W3 npAF] &

il

1 # Computation workhorse

2 import numpy as np

3

4 # Plotting tools

5 import matplotlib.pyplot as plt

6

7 # OpenPlIV packages

8 1mport openpiv.tools

9 import openpiv.process

10 import openpiv.scaling

11 import openpiv.validation

12 import openpiv.filters

13

14 # Load a pair of images

15 frame a = openpiv.tools.imread(’./PIV_left/arrow_basic/CO01H001S0001000011.jpg’ )

16 frame_b = openpiv.tools.imread(’./PIV_left/arrow_basic/C001H001S0001000012.jpg” )

17

18 # Define the region of interest

19 frame_a = frame_al800-500:800-40:,:]

20 frame b = frame_b[800-500:800-40:,]

21

22 # Main PIV analysis. Note that the datatype is int32

23 u, v, sigZnoise =
openpiv.process.extended_search_area_piv(frame_a.astype(np.int32), frame_b.astype(np.int32),
window_size=36, overlap=0, dt=0.001, search_area_size=64, sig2noise_method="peak2peak” )

24

25 # Calculate the coordinate of the centre of interrogation zones.

26 X, v = openpiv.process.get_coordinates(image_size=frame_a.shape, window_size=36, overlap=0 )

27

28 # Basic filtering based on the signal-to—noise ratio

29 u, v, mask = openpiv.validation.sig?noise_val( u, v, sigZnoise, threshold = 1.5 )

30

31 # Save the result

32 openpiv.tools.save(x, y, u, v, mask, ‘expl_00l.txt’ )

33

34 # Plot the result

35 fig, ax = plt.subplots(figsize=(10,10))

36 ax.imshow(frame _a)

37 q = ax.quiver(x,np.max(y)-y,u,v, units=x)

3R #agk = ax.quiverkey(q, 0.9, 0.9, 10, r$l0\fracipixelsHs}F, labelpos="E, coordinates=figure')

40 plt.savefig("figure00.png”)
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Az} v wFHS W g 2 el 7Han]a( 9
oA wrAee F4TeE

o= A FF= MAA Xe= Aom Fld

Zol&=H|

d 1Al dxg A5, oF 91,206,000 <M(¥)el IHpAEs =d
b 3k C Bt vl o] ghanjgo] A2 Ao Fl(1d 2.2.12)
._/I:

e he F 2046573000 A(¥)oz thE Fo] Hs BluH

I
o

A% 715 gk A =9
A=ts] 220.6 (1,000 yen/m’)
el At L' 3 el S A1} 1583 (1,000 yen/m’)
(1,000¢1/m’) ’
L}arof 165.8 (1,000 yen/m’)
¥ 227 A mE 9 xpAkyl ] vl & A S
SERE
AE | AR AL | wE
< 50 cm 50-9 em | 100-199 cm | 200-299 cm | 300 cm <
1710005t} 22 | 0.032 0.092 0.119 0.266 0.580 0.834
;}1 1/1000-1/500 0.044 0.126 0.176 0.343 0.647 0.870
15008 2 0.050 0.144 0.206 0.332 0.681 0.888
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10cm < h (500m radius of area A)
250000 -
200000 -
a
£ 152234.9| [1522345] [1522349| [1522348| [1522349] [1522348
=
3 130000 - =
z
=1
=
g 100000 -
50000 -
o -
a b c d e f
BWithout storagebox B With storagebox
(a) 73k A
10em < h (500m radius of area B)
250000 -
200000 -
'E 160914.5| [1609145| [1609145] [1609143| [1608145] [1608145
g 150000 - ) ) i
g
E
g 100000 -
50000 -
o -
a b c d e £
BWithout storagebox HBEWith storagebox
(b) 73+ B
10em < h (500m radius of area C)
250000 -
[225754| [225754] [22s754] [223754] [225754]  [225734)
200000
-
£
g 150000 -
g
E
g 100000 -
50000 -
0
a b c d e &
BWithout storagebox B With storage box

() 7%+ C

19 2227 AAFTAA AA A whE v v ga
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10cm < h (500m radius
240000

of area A)

220000

200000

130000

160000

Without storage box

100000

—— Case{5000)
— Case{10000)

Trundation area (m?)

30000

— Case(15000)

—— Case{20000)

60000 F

40000

20000

Time (hr)

(a) 73k A

240000

10cm < h (500m radius of area B)

220000

200000

180000

2
=
2

g 8 &
2 o o
g g8 8

50000

Inundation area (m?)

60000

40000

——

]

20000

4 3 6 9

Time (hr)

T

10

—— Without storage box
— Case{5000)

—— Case{10000)
——Case{13000)

—— Case{15000)

(b) 73+ B

240000

10cm < h (500m radius of area C)

220000

200000

180000

£ g
=
g &

Sy

—
(=
=
=3
g

Without storage box

2
=4
g

—— Case(30000)

20000

i \\—Case(éll}ﬂ'ﬂﬂ)

—— Case{50000)

Inundation area (m?)

60000

— Case(60000)

40000

20000

Time (hr)

() 7%+ C
19 2228 AstAFAIL AFEF Wste] w
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Damage cost (500m radius of area A)

2,500,000 -

[2.257.485] [2.257.485] [2.257.485 [2.257.485] [2.257.485] [2.257.485]

2,234,030
2,000,000
2,002,22

1.500.000

1.000.000

Unit : 1000yen

500,000

®Without storagebox  BWith storagebox

(a) 7-3F A
Damage cost (500m radius of area B)
T [2.466.030] [2.466.030] [2.466,030] [2.466,030] [2.466.030] [2.466.030]
2,000,000 -
=1
B
£ 1,500,000
=
=
L
5 1000000 1
5
500,000 -
g -
a b c d e f
B Without storagebox B With storage box
(b) 73+ B
Damage cost (S00m radius of area C)
2,500,000 -
2,046573] [2.046573] [2.046.573] [2.046.573] [2.046.573] [2.046572
2.000.000
=
B
£ 1,500,000
=
=
v
E 1.000.000
=]
500,000
0
a b c d e f
B Without storagebox B 'With storage box

() 7%+ C

A% 8 o

ol

19 2229 ASAFAIAL AAol wE H o
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O 7I& AxsF FARELE AxT7F stz 792 u, AsAFAEARE vtz Fd5 =
Hge agsloey, JhdE BEYdM = steimolM AsAFAIER Fdd ),
At ArIAd e A4S ol A2 FRE WNYgetal I A 84S AT

O At P I AetAFAIAS W =Ax9e WHeads 98] 22d A EF
FAREHR 139 olAF BE RIS dAAG:, st A A FAAE Alo] g
FERASFAANDE F7hE 283 139 o[ 55 AA AxTF FARY

(b 1239 ol }R7 55 A AxEF FARE A

O HH 2x¢d Ry} 13 2ds A

O
O 1#4 sl M= slot E& AHEal st B AsHAFAIE UESA &4
O

A7 AStAFAARZ Eo7be AAHAA SR JEE Ste STelA
At AFAALRZ FYPHE 2 FEAFFUAAE nds] 28 A" 2.2.30)
e 32
bbdd bbb dddddddddd VOLLLLddd b bbbl
A &Ax} K| ALK}
| CER 2R} | | C2ZA || 2R |
A v v v
24 2% 2+ CIEE < <+ < I <+
/ A A A
/I I I X\ v T T A4 T T v
RIS AL A= Ef ) HSHB A EE )
(a) 71+ 29 n+2A (b) 70 B3] wjA

a9 2230 A Ee ARG ey R
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() Ad 2P AR W A4 AT

O A Aol F 1170 AN A4S A A AHE v

O Case 40lA AA A5 A=t 7P AR 23gs detdilon, dAdoz 22
o} WSAolA A AEAolA AZF W ANE EE(E 228)

O 7I& Ed9 AL Axet A mEe siddxns nlug 23, 92 eSl(peak
time)el W FalA Aolsb e, ma W sl grol WEd ARE
GehiER Al e e FRE wdsd 2 E vEE w4
W el g Ths

%228 A% A5AT AN 27 40 og A4 A% U (29 m)
A=k
T+ | Point 1 |Point 2 | Point 3 | Point 4 | Point 5 | Point 6 | Point 7 | Point 8 | Point 9 | Point 10 | Point 11 | 311413k
it
A=k 0.40 0.80 0.55 0.70 0.38 0.28 0.50 0.65 0.60 0.45 1.12 -
Case 1 0.690 0.928] 0667 0.662 0.661 0.288 0.551 0.647 0.918 0.458 1.199 0.120
Case 2 0.672 0.908] 0647 0.644 0.644 0.272 0537 0.636 0.910 0.450 1.192 0.113
Case 3 0.661 0.894]  0.633 0.633 0.633 0.260 0528 0.629 0.906 0.446 1.188 0.110
Case 4 0.633 0.862 0.601 0.605 0.605 0.22 0.509] 0616 0.897 0.437 1.180 0.102
Case 5 0.625 0.853 0.593 0.597 0.597 0.224 0.499]  0.606 0.893 0.434 1.178 0.101
Case 6 0.598 0.820]  0.561 0.570 0.570 0.196 0477 0588 0.886 0.427 1.172 0.098
Case 7 0.569 0.783 0.524| 0.541 0.542 0.168 0.458] 0572 0.879 0.420 1.167 0.102
140000 140000
120000 120000
100000 59530
Re00D 80000
GO oo imned —_—
Gt 40000
20 20000
o | 5|

0:00

2:00 4:00 6:00 8:00 10:0012:0014:0016:00 18:00 20:0022:00 0:00

- i — X4 shas —Tesd
BT TrrEroa ERd — XY EE —2HETRU TY)
> =1 2~ =) = =] 2~
T 2232 A5 A5 A6l @ A%y An v
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AT/ - FAdsa AEAw

i
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2
i
e
S
AC)
oX,
o
AN
rx
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)
=
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273}

(7h ol %7 Ae58o dE = A

O A AR Gl Mol BEE o4 SEolIAE 4 AAW
=

g e %
T

o mEe AL URW 25w 2dd sgd JFe won, 58 B A2
549 2%, £29 ¥¥ 2 47 ,
5

F7F glon, dutA o7 $kAtE E(annular flow), €8 15 E(slug flow), 7135 E(bubbly
flow), =925 F(plug flow), S5 S(stratified flow), IHEZE(wavy flow),
&5 (dispersed flow) &, 77FA 2 &7 (Weisman, 1983)(1¥ 2.3.1)

[o

g3 5 (annular flow)2 7|A7F zt= AH 355 (volume flux)o] Ao AHTH
Fui oz A7) wite] HAE I Hol B VAE # FAFE S EF
a3 53 HS=EAIRE 7]Ae] A H B E 0l

LY 15 E(slug  flow)S FH7E =g
SR AA A7 BFoE dAA e} V)
7t Fr7|H oz #e] e o s 2= &

_)‘4_:‘

o,
o
e
X
o,
2
A
o
N
N

kel

ft
ot ot
(Lo
rob

7|25 E(bubbly flow)S R#o=m <lg) =77} Aoz & 7EES #9
B < =

ROt
o
of

5 (mass flux)S #AA714 7]

o,
I\
ot
il

stratified flow)< 7] A|¢} AA o] AZAEZE0] ¥ =2 u Holx EE0o|H

A2 Aol oA 55

il

38 52 (wavy flow)S AZ352 7179 AAs2S AR Z=AAAS w Az ¢}
y
71A o] A 3rF BAEE 55

FH 35 E(dispersed flow) A2 A|HEEo] AhH o 71A19] A HEZEHT
AAY A} 7Ae] AHEFo] BT 2 A5 HAstE sFolw, AVt &
ZIEZEol I dHd HAAO A YElY= &

o] L F2 Afgs @ Ay e FHopdAd e A3V FyFHAoH,

5% 45
ge AvAse] 47 @ AR U f% Gl U ¥ A (Baker, 1954

Mandhane et al., 1974; Taitel and Dukler, 1976; Wallis, 1969; Weisman, 1983)

B AFAEe] EFTEE Aol AFEe #ES gFE AlAEE(volume flux)
A%gEE(mass flux), *FEFEE(momentum flux), E= o] FAS FE
o] &3}¢] o1}, Christopher(2005)= H#E Aoz 3lyeo A4S 2zt sEoA FA9
EAW ofyg}, R AV, TR Y 29 FH T3} FZo] oAy x|
s dFes F71 wdd, oA Fo] Hdo sE2E= sFdAAE sty Aol &
R o B2 231E nHsor st 55 Ase BHsr gA ¥vta 3
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O Mandhane et al.(1974)¥} Christopher(2005)7} A ¢Fst & & F-H & of A
17]9¢oll 4 e A4 125 cm, 25 ¢cm, 5 cm, 30 cmol] W&
AL FAT F o, 7[A 2 AA 9 AHEE A7 w

it
[o
ul(l

Stratified Dispersed

G
——— T S Direction of _
] flow -
Wavy

29 231 FEY cn)ell A e BT EFEE P Wesman, 1999)

500 — ™7 ™7 T
&
ANNULAR AND §
= 10k ANNULAR / MIST FLOW - -
— i
'g -~ — oy | -
— o — ol .
[0} e~ o I
i ~ . & i
; o N ! DISPERSE
X v & FLOW
T 19" wavE ™, ! S =
FLOW \
8] , % -s\é\ I SLUG =
E ry/ﬂ/-mwr//;/,,,,_,/a;} & | FLOW )
= e l! /
S 1of : / I -
] \ / i !
> L STRATIFED % / i / .
@ FLOW | ELONGATED /
Z : | BUBBLE | [
0] . | FLOW !
1 |
0.1} / =
] N P ee
0.01 0.1 1.0 10 50

LIQUID VOLUMETRIC FLUX, I (m/s)

1% 232 vpeFst gho| i A Aol tf st s d S A9 WSk 125 am(FA), 25 em(A ), 5 em(2141), 30c m(3HA)
(Mandhane et al., 1974; Christopher, 2005)
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o] 3.5)
O %3] (by-pass)@H¥ ZZ7|(inverter) S Eal F%S Ao, 3y 37| HFS
ZA7E B3 WAHE

1,282 &8 0128

Stroke 110mm

1]
1]

|
100
9120

10

19 235 Ef Y A(traverse) &= A A

F 231 A A

KTM-800
Measuring range 0.1~10 m/s
Flow velocity 0.3~10 m/s

05 % F.S (0.3~10 nvs)
Accuracy

1.0 % F.S (0.01~0.3 nvs)
Fluid temperature -10~70 C
Ambient temperature -10~60 C

AC 8~250 V (50~60 Hz)
DC 24 V (option)

Analog : DC 4~20 mA
Pulse : DC 8~30 V

Power supply

Output
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s 8ol 400 Liters! F 7Hel %
WILO*}J PSV*IOSOB*EET

KANOMAXA}FS] two-phase flow signal processor system
H =4 7t
1+ KeithleyAH9] Series 3700A System Switch/MultimeterS A}-8-3 o] A+
19] amp®} 4381 ofdE I(analog) ANEE UAE Az HIE
(sampling rate)2} SAAIF & Z2AS = ° AFE-

T71%ES 0.005~0.045 m3/min77}X]
5~15 m¥/min7tA] 0.2 m*/min FA o2 & 30719 Aleo]X~
7] FEe Wl~602, &7
SH-F7F oz JEFI(E 2.34)

1750 rpm¢!
UDT-25255 AH&(3 232, 3% 2.3.3)

A3 eF 1/1000%

g HE=

Zo Al~52 RIFY

1942 7] (compressor) =

re

AL

0.010 m3/m1r1 Ao R

PSV-1030B

Motor power(HP) 5
Revolution(rpm) 1750
Type Centrifugal
Pressure(kg/cnt’) 8
Head(m) 10
Frequency(Hz) 60
#® 233 714571 A

UDT-2525

Motor power(HP) 2.5
Capacity (Liter/min) 120
Tank capacity(Liter) 25
Pressure(kg/cm®) 8

¥ 234 35 x| mE A3g Aol (Case)

Water flow rates(m®/min) Case Air flow rates(m®/min) Case
0.5 W1 0.005 Al
0.7 W2 0.015 A2
09 W3 0.025 A3
1.1 W4 0.035 A4
1.3 WbH 0.045 A5
15 W6
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rJ
1o N

B9 A4 e fel AgRont 5 mm deld AE Afox
A % 84N FAsgom, oI/A yi

Aol A wel A ggend AuE G126

ANE 8AF oo e wFow 4L o gt yD=017S 27 Fol

Ad# +3 2uelA % Ao o 3B5D7F HE A GHE fAATL,
EdfH g o83k %%;94 a4 %ﬂ% 248 SAstAow, 7 Aolxe
AL 30, A7

=] = [e) =]
%OH 7t 35S A

Alztell wE Aol ez F5HW YAE(raw data)= FFT(fast fourier
transform) ZEHS E3 HASI(ZYH 237a, 1H 237b), HAYFES
71719 F3zel  wEbA  AARZE FEE dsks] J]Eek 224 ASE
o] 1 3}(binarization) (29 2.3.7¢c, =19 2.3.7d)

A4 =4 Ao wE 7| EEE&(void fraction) FHoz YERWNIL(ZH 2.37e),
71E Aol WMESE =48 ¥ ¥ (histogram) FEl= e o] (19 23.7f) 71 £
E5 Ave w4
y/D
y 0.05
i
D L
0.14
s 0:17
0.20
0.23
0.26

® ®

a9 237 deoly A=A
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(elongated bubble)®] F7 ¥ 3H(WI1A5)

(e) WHA5

a9 2313 A 11 7]

X

)

O 719 2314a~19 2.3.14f

~0.17)°1

2317 o] (Passing length)©l

2.328} zEo] ALt

0.05

A A (y/D

=
-

2]

e

X

-l

|

7

(2.3.2)

X

Tp

s

H A~ =

3]

Frgol w7

L=
V.<

T (s),

EE A

]

e JEERD(m), T, 7

’

o1 714

-
o

Hel el

o

3

z+

’

of v ]

KeN
=

ZH(sampling time)

ﬁo

a_e
H

—_—

B

=
=

w2

Z A7)

]

Aol el 7

8

7z =

-
s

~1d 23.14f

H 23.14a

O

R

B

118



07 sgAA «olx HAx EAAe wwe Hse 4T F fe
7-9 (Limitation of measurements)®. 2 ZZZ|Z o] FAsI o, F2lo Jats
e 2o AR Ao TrE 2t A WALFEY SAY AES
s JEm s, J1xe 5% 9F Aol FRE AERA Agsd Syn
9 og-37] o4 3B WHE BRY 5 A AR NFoR e
O ¥ #7429 2¥jel 200 mmE oo EH}dol 795 47| E+ 9 (elongated
bubble region)o.Z *F38kal, ¥ A7 1/20 4] 28] AFo]lQl 50~200 mm Uil
FAHe A F9& Y27 (plug region) o ® ERFIGIoH, IHUY
Z+e B dolE zteE AL BEV)ETY(fine bubble region) o2 % &
O AwHoz o] FHE Wi 589 54L YBn ot # A6l Fgahe
Aoz A de
O FH¥ oMol Hol i 3 Wide HolE Fiow w7 uo
HgotA Far, A7 W] dols Fall A o5 aEste] E A=
WA s Adsgon, 837 T Ao AR Y ABR Axel A
e AYste] sES5AZle 12¥8 2vE VE, P, FAVIE T
BEFele 7lsor AR
O oA 47k FE= E7d 792 2z i S9or FAH o,
Al 71Ee SRS BASEL ZF V1S5S O SO FYE evES o
Passing time(107sec) Passing time(107sec)
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# 235 FgEdd e uand s

Water flow rates Water velocity Sampling rates Length
(m®*/min) (m/sec) (sec) (mm)

0.5 1.06 0.001 1.06

0.7 1.434 0.001 1.484

09 1.908 0.001 1.908

1.1 2.332 0.001 2.332

1.3 2756 0.001 2.756

15 3.18 0.001 3.18
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SAAA A g 7T ol W= (y/D=0.05)
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2.3.14cet ¥ 2314dA4 =
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a8 2314a~719 23.14f= HAwkHog fEke] Z7te] uwel 7z s E oA
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gelg o, ojgs Aol YElE AL F5e FTUtel weEk B3 7] 9
&% ZA7F BAsta oZ As 7|ES B AAWA wpEe] F71EHY

o2 ek

AspAom fgel Frtel meh BHA/IEE B w9l Bolz wprojx,
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i Z4AM e /| EEID e WES(y/D=0.08)
a9 2315~ 719 231509 ANAL Pde Y 394sk W HAE FuE
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we fFAL FY/E W F /T FAG e Gt B 19

oy BE AAGH A7t T olF EE Fel1e T WHs F
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22 golAA Hol y/D=0.059 008042 Hu E3dol= y/D=0.059
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iv. SAA A W& 7|EF ol W =(y/D=0.14)
- 9 2317a~219 2317 VIEFHRLlE WEget HU V|EFLo] BEF
27 st AoE uehgon, BE £ U /1% A28 FYHES o)
SAHE 71Ee Ad en, WIA3H W4A3E Alfstd Fdd &7 %ol
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- w710l A2 oldte] e FASUES Al W2 FEdlAE FHeR skl
HRE Wo=i we FPlAE webd fH0R Jdd 24 RS a2
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Zotol wel 248 lEEe] NEs el Pa
- T WI~W3e A= dAe dFer FAHHY, 73 W4 ol dolM=
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v. SAAAC g 7lEEd ol W E=(y/D=0.17)
- WU SAAA y/D=017M e FdHol Wik % 2318a~1H
2318fol 4 molt el o, FH: F/l@H wAgle] HFFIE o
Fel1e G gl o2 wuyy, 7 2318aclA UEd F7E A4t
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o
=1 BA L
FoEer Aubrly Zeo, RV E7F B AR y/D=0.05dA TE

O A/W H|7} Z7}3te] wet %22 BRE7|27F 23 A/W HE= 0.010%°]9, 1
o] Zgleo WAL A/W B 0.017% HFtolA wAEgon, 7] Eo
A2 0.021%00 A1 -8 YERLEZ] Al 2

O A/W H|7} 718 wet 58 e 7|28 7|29 Z87) A 4

Fe7t Ha, 2R g7 S7FeHA HW A7 HASHA =M,

AR
ojuf FF7|E] HfrHgo] F7kstel wel 7Ee Ee1 HHvES A
3% 236 371/ v mE 7t 5% TG E(SAHAIZ 30 s)

Case(W-A) A/W ratio(%) Bubble(%) Plug(%) Elongated(%)
W6-Al 0.003 0 0 0
Wo-Al 0.004 0 0 0
W4-Al 0.005 0 0 0
W3-Al 0.006 0 0 0
W2-Al 0.007 0 0 0
WI1-Al 0.010 3510 0 0
W6-A2 0.010 0.037 0 0
Wo-A2 0.012 2.730 0 0
W4-A2 0.014 16.450 0 0
W6-A3 0.017 0.967 0 0
W3-A2 0.017 14.797 0.600 0
Wo—-A3 0.019 12.873 0.767 0
W2-A2 0.021 33.773 13.433 7.667
W4-A3 0.023 34.453 5.067 0.667
Wo6-A4 0.023 3.460 0 0
Wo-A4 0.027 24.617 3.967 0
W3-A3 0.028 31.983 13.067 1.000
W6-A5 0.030 9.680 0.267 0.000
WI1-A2 0.030 8937 5.333 74.167
W4-A4 0.032 34.550 11.333 20.500
Wo-Ab 0.036 28.450 8.867 3.667
W2-A3 0.036 23.070 9.833 44.833
W3-A4 0.039 26.407 18.433 21.167
W4-A5 0.041 24.487 12.233 44.833
WI1-A3 0.050 5.160 3.500 84.833
W2-A4 0.050 14.990 9567 63.333
W3-Ab5 0.050 22.157 17.900 34.167
W2-Ab 0.064 14.823 6.933 66.833
WI1-A4 0.070 2.600 1.000 94.000
WI1-A5 0.090 1.863 1.167 96.500
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O ¥ 2319% A/W Hlo] w& Z} fFFolAe 7EEEs&S Ued A=,
W59} Wee] Bx 2 AyrH ZAdsAY A A/W Hldl A9 7|8 &o] o}
S FERT vYon E3 Whrth W6e 7|8 &

& WHet W62 S7He Frade

Fom wWstel oo AFgakA

ff AFAL FIEE E P

GAAY BEe] vhHE FEs]4 5EA ha)A
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23
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04
° %
x -
@] Water flow rate: 0.5 m*/min
02k O Water flow rate: 0.7 m*/min
EIN A Water flow rate: 0.9 m*/min
" il © Water flow rate: 1.1 m*/min
X Water flow rate: 1.3 m*/min
" Ox . | + | + Water flow rate: 1.5 m*/min

0 T
0 0.02 0.04 0.06 0.08 0.1

A/W ratio

19 2319 &71/= Hlel wE 7] EE&(y/D=0.05)

(th o3+ A& aldS A +A2d 2 7Y HE

ogh
ol
-
)
|
o
=
ot

HA-8

Fuge]l AFAHS FAYOR RAF F Y RE s
A 3

T E9 o= XP-SWMM, MOUSE, InfoWorks® T (3% 2.3.7)
O XP-SWMM-<& w©]= 317 B & (Environmental Protection Agency)oll A 7 k&)
3te WMM(Storm Water Management Model) 23 & 7|Hto =z &l

&
FHde A4, 4
9

O &9 & HAa"e 282 + J=x dustd Aoz oA AgASo] B
Aol F2 FE3iH S &84 FHol U+

O MOUSE(Modeling of Urban Sewer)?] FH2 HFaAds s si-dd +5
7lsol g4Es st olygl Hx AlAM 7}

TAACR 75 Theet, 53] AA MR AP =0l Jhe

’

O dlvl= DHI(Danish Hydraulic Institute)AF7} 7§23 MOUSE(Modeling of Urban
Sewer)v 98 FTAY stFdA AFAEY AFAHAES EEIE JoRE FE
st A Ul AHAE, HAE AT 59 LHER Aw9 34 7lselA FHol
o] ©

=3
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O MOUSE+*= 7lut} Edmontoneol A ¢l SCADA A =€l3 AAE = Ald(Steven,
2001) ¢ #o] strd BEA AR EoR T oYy TA] AlEEe] Hild
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O InfoWorks+= AAIAR o= 7 AW S8 FoF dA37]#d 9= HR
Wallingford A7} 7HEs Ao 24, A 2 dex]A] FAAR 8 57
Toke] 2dE dAFAE 9 wIkeE MEOeRE FHEHo Jom diEou
TFrHolA F2 ARE
3E 237 HEY st AR 54 v
2y
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U
ki 1] FPA, XP-Software LTD | &I Danish Hydraulic Institute | 8=+ HR Wallingford LTD
r-rERd ° H; EE; ~AIZFA A8 —FEATEE
—H %
A WA o EHE AR
~Saint Venant® -Saint venant'{
1 W ~7hg-2=-Atol A S | —oFRE 63 Sl ~Saint venant™
FelEd — R ks —3eto| ~ml 45, S35
-HA AT R
HAAITE A7) A A U
ndle] AgHE B =5 =
=] AARH jEia=s A5 Sl
@ 24 Akazt HslA 2y
1. TUFLOW
- TUFLOW+ 3t S o] &3 249 P or mygiRFPo] old XP-SWMM
el Wi 22 By ow M, AR, 9o, uE, oA 55 BT addd
T Aol FHFFHA A 2 &
- TUFLOW EgoA e FHHoA 239 AedAdas X 2 Y w3k
ALY FsF Ao Hulide o8 o3 2ol xd
0 o H o H
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ii.

AL % (2.35)

voooat ox oy oy
: /
-I—gv( 71/3 —1) u’ + 0P
H 290y
K 6%) 1op
or> o) p oY

Y 4 21z, HE
27 A4 (Coriolis force
S5 Al

o
e
Ho

o714 1= W EHol(Elevation), u, veE F4 HTE X,
TH, t= AT x, v X, Y WEoeRe A, cfe A
coefficient), ne "Y A4, £, Oﬂﬂx]taﬁ]—r, pe T Wk

i U7, p B WE, F, B X, Y #gone] 7% 99 §

FLUMEN
- oo e Al sA B =AA A Fom AFolAM de AMEH L
= S ROl A3e  Roef

o, o= FAs ] Es A7

ol & 7bs
oU oF 0G o (2.3.6)
ot or By

NS
S
<

71 x¢ vy FHEWE t= A7, U=, p, )T, hE 4, pot gq=
yireke] w9l & -3

p q 0
2 9z, T
D g, ﬂ h b b
L, g —>y
p= a2 a=l h |s="" ", (23.7)
m i_'_ﬁ 2 821) Tby
I no2 oy | p
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® 339 Asert YA 2

1. CFX

CFXE ANSYSAolA 7fst A sfjA 7|2 CFXE H) %4 A HEA AR
(Unstructures tetrahedral mesh)E AJA3l™, Mesh ImportE E3Fe] S|
A2} (Hexahedral mesh)® 3o A& 4= Q= T2 1

CFX& 533 34 799 TF 2 947 Fsd €d9 A& sty 26
NdE wlg =

=

v ZAw ZA HgAANon Orthogonal Body Fitted Grid)E A& Lut# el

GHA FF L OF 55 A4 s

1. FLOW-3D

FLOW-3D+ v]= Flow Science, Inc.olA 7|&3 3319 ®HE dAAFAgstz=
AHE JEHo=m HAY fF AdEHolw, dAHWUAA, 3A4Y
B A A 2] (Navier-Stokes equation) 2 o Y X B4 2] S ARE-3] &) 4]

AW A S f18ke] VOF(Volume of Fluid) ¥4 2 o] A&

ii. FLUENT

FLUENT+=  f3HA 4 H(FVM)

A5 A

¥ 238 AFAA =G 2o 324U Fx 23 v

T = FLOW-3D FLUENT CEX
52284 FDM/FVM FEM FVM
} Rectangular Grid Unstructured Multi-block
A :
A Midti-block Unstructured Mesh(Ver. 5) Mesh
AgEA | W 28, CAD interface | W 22e], CAD interface | W3 222, CAD interface

%
1
of
12

FAVOR 719e] 93l G54 Obstacle A2lol| w2} grid
9 vl 25l Az EA4 | modelerE ARESR] Azl A

zZA3ko 2 Az} AFEA) GAMBITOIA AA}E AA)

(ohstacled] mesh Jelol] (2120w AL Finite Element Technique

General Model (Newtonian

. R ,
General all in one model fluid, Non-Newtonian fluid, Multi-phase 5, COHbUSUOTL

S84 free-surface 52 &3,
0 (BAN b 2E B ) | free-surface A Sl whet o oy
w5 Ba) radiation & ]
g
=12 e AAYE B8 wATA | AR A AT AIRE A8 | ARF A g AIRE A8
W s VOF AH&: VOF AH4:
A Lo . (AAIZA Aol gt (AAxA Aol gt
H= i
(VOF #z7id) A6 o] Bgeh A sje] gsh
s}k passive reaction generalized reaction generalized reaction
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19 2.3.36 Inertial Surge Caused by Air Release(Lewis, 2011)
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Air pocket release through water-filled riser Hydraulic transient process in pressurized horizont

(Series A) al pipe and vertical riser (Series B)
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s = \-‘_a#-: PI 1‘ Wister - . H Vabve o
Water = T .
o 3.47m PIRY  imio 1w A 14 Al 126L0 !
. 6.59m e I 6 $%m
1. Measure air pocket migration in vertical riser 1. Measure air pocket migration in vertical riser
and compare with Taylor bubble theory 2. Measure the pressure variation during the process
3. Observe geyser events and study the effect
i of experimental variables on geyser occurrence
Variables: D,., Ly, Ho Variables: D,, Ly, Hg
No. of experiments: 12 No. of experiments: 51
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