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Simulation Model for Upstream Migration of Ayu (Plecoglossus altivelis)

in an Agricultural Channel Considering Condition of Tilting Weirs
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Assessing the effect of anthropogenic fluctuations of flow rate on fish habitat
using two-dimensional ecohydraulic modelling
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Fundamental examinations for a neural network prediction model considering model-related
uncertainties using pseudo-Bayesian estimation methods.

ORFHER* « TG e
oNobuaki KIMURA - Daichi BABA
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— Truef(x)
« Training data
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X
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Training data (green circle). Note that black line=Eq.(1)’s
values without nises generated by e¢.

MC Dropout

— f(x)

© Trainingdata

— HMC mean

— Predicted mean
HMC 3 sigma

@ Predict. 3 sigma

6
RMSE: 0.15
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KL: 0.59
Precision: 0.95
Recall: 0.59
F1:0.69
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© Trainingdata
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— Predicted mean
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Recall: 0.92
F1:0.87

>

6

-8

3 2 1 o 1 2 3
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MLP-based ANN predictions for MC Dropout (upper panel)
and SGLD (under panel). Blue hatching and line = credible
intervals and mean of the predictions. Red hatching and line
= credible intervals and mean of HMC. Black line and green
circle = analytical values (Y=f(X)+¢).
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Capillary number effects on imbibition process

oFT N HENT-FTPY i —BRT BRI I
TAKEUCHI Yuto, TAKEUCHI Junichiro, and FUIITHARA Masayuki

1. [ZIC®HIZ

AL TI, ZAERICHESRA 03 90° K0/ NSWRIRNZE AT HIBFEA /KB, 90° KOk
TUVRIRDNR AT 2R HEKIBFEEFES, ZIETOMIET, ¥ NERE O THLFYES
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Ca NRELI2DE, WAKIBIE TH-TH, RAVIRDEE Fig. 1 Transition of displacement patterns by Ca
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2. Phase—field LBM
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phase-field LBM T, —fHR A% —AIZF Y 350/ Allen-Cahn 7 F2(
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(a)

1*=0.01

pr=1

3 TVUATAZ—EEOFRNTRIKRD /34, (a) B —A7%7, (b) Doddington Fb2#

Fig. 3 Invading fluid distribution at breakthrough, (a) beads pack, (b) Doddington sandstone
BRI MV THS. 2 Wi TIIIER ANRIALZ T, BRI T2 KA T/RLTWD. z FEEEDVINS
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Fig. 4 Corner flow patterns observed in Doddington sandstone (Ca =107, g =0.01)
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Fig. 5 A film flow pattern observed in beads pack (Ca =107, # =0.01)
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Reasoning the direction of surface profile calculation of open-channel steady flows
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Experiment on the relationship between inertia effects

and the regime of two-phase fluid displacement
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R10°LLF, M A1LLETRAEL, ka2 mici
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Development of a Three-Dimensional o-Coordinate Model for Analyzing
the Impact of Nutrients from Sewage Treatment on Hakata Bay
O mE" MImEHE™ JFRHEBE" Rk &
OHamada Kai, Tabata Toshinori, Harada Masayoshi, Ozaki Akinori
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PASHMEMRIRIX ) U, U B RAZED T2 KERROY L U CEEREEZFFON, 4
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N5 ERBACENBEIELT 5. MRS E T 228 6 2> Tl R 22 Rk B
LR OFRAEDFHRE, ERRBERELZ T LB THD. TOD, ks FICE
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B DWEBEMITOIZI OO —#HL LT TP OKHZHEEZEET I L ZHE L
7o, ZOE, KEDOEWEREIZA DY CHERZEER TKIELFMDRA v v a4 XA ERE
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DD, BEEIZE W CTEWRGE CHITAETH Y, OB EREROICHITcX 5

67



3WIto FEERET L (Ex KRB, 1996) 8 L7z, UTICEDE G BRAEZ RS,
8_77+M+M+ H% =0
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Numerical Experiment for Non-Darcy Flow Formulation

Using Variational Method

OXiaoyi Wang!, Junichiro Takeuchi', Yuto Takeuchi', and Masayuki Fujihara'

1.Introduction

In the context of fluid dynamics within porous
media, the primary governing equations, applicable
under conditions of low flow velocity, are proved
by the continuity equation and Darcy's law. When
the flow velocity surpasses the threshold where
Darcy's law is applicable, the flow is categorized as
non-Darcy. Specifically, within the realm of laminar
flow, Forchheimer's law becomes the preferred
substitute for Darcy's law [1]. This study, however,
concentrates on the domain of steady laminar flow
where both Darcy's law and Forchheimer's law hold
relevance.

The representation of porous media as a
network of connected voids allows for the
prediction of steady flows through the resolution of
nonlinear equations that is akin those governing a
network of conduits. This set of equations can also
be expressed as a variational problem, focusing on
the minimization of a functional related to the loss
of hydraulic head, with the continuity equation at
each junction serving as a constraint [2][3]. The
solutions derived from this approach align with
those obtained through established methods like the
Hardy Cross and Newton's method [4], despite the
ambiguous physical interpretation of the functional.

Furthermore, in the Darcy domain, flows
exhibiting characteristics of effusion and suction
are formulated as a Poisson equation. This equation
emerges from the confluence of the continuity
equation and Darcy's law and is recognized as the
solution to a variational problem that seeks to
minimize the integrated sum of the square of the
gradient norm of a scalar function and the product
of the source term with the hydraulic head. The first
term in this context aims at minimizing the square
of flow velocity, which parallels the variational
problem in the pipe network flow sans shape losses.

When interpreting Forchheimer's equation as a

A

'Graduate School of Agriculture, Kyoto University

descriptor of head loss, it can be inferred that the
components shared with Darcy's law denote
frictional head losses, and the elements proportional
to velocity squared symbolize aggregated other
shape losses. In this study, numerical experiments
are undertaken on the formulated equations on the
variational problem of formulating Forschheimer's
Law. Explore difference from the Laplace equation,
which is obtained when the source term is 0.

2.Governing equation

If solving the variational problem for the pipe
network the
components associated with shape losses, is

system, while disregarding
equivalent to solving the variational problem whose
outcome aligns with the Poisson equation, then a
variational problem that incorporates shape losses

would be described as follows [5]

1 1
J(—ax2||Vh||2+—bx3||Vh||3>dQ, )
o \2 3

where k is the apparent hydraulic conductivity, a
and b are assumed constant here. h = (p/pg +
z)is the piezometric head, which is the sum of the
pressure and positional hydraulic heads. p is the
pressure, p is the density of the fluid, g is the
acceleration of gravity, and z is the coordinate
with the vertical direction upward as positive.
According to the Eular-Lagurange equation

oL 6(6L> 0 (0L 6(6L>_02
oh 0x\oh,) 0dy\oh,) d8z\oh,) /(2)

the solution to this variational problem is

V- ((ax? + br®||VR|)Vh)
+V - ((ax|lVRII? + be2||VRIP)V'K) =0, (3)

(9 a8 @

T
where V'= (—,—,—) .
dhy’ dhy’ oh,



3.Numerical experiment
The shrinking domain is considered in this

numerical experiment so as to consider flow change.

The domain is a two-dimensional one, with the right
designated as Dirichlet
of 0 and 10,
respectively. The remaining boundaries are defined

and left boundaries
boundaries, assigned values
as Neumann boundaries and are treated as
impermeable borders.
Although various relations have been
proposed as functions of porosity, grain size, and
viscosity, such as the FErgun
0.067706, b = 0.003344 are

considered, which were identified by the least-

kinematic
equation[6]. a =

squares method from the hydraulic conductivity of
2 mm glass beads.

3.1 Variational Darcy model
In the Darcy domain where hydraulic conductivity
can be considered as a constant, which means
V'k = 0, so Eq.(3) becomes

V- ((ax? + bc®||VAIDVR) =0.  (4)

We call this equation as the one for the
variational Darcy flow, and the computed results

are shown in Fig.1 and Fig.2.

=
- :
|,
.
[7

(a) Normal Darcy (b) Variational Darcy

Fig.1 Piezometric head in the Darcy domain

Fig.2 Deviation (Fig.1a — Fig.1b)

There is a difference between the solution
using the Laplace equation and the solution using
the proposed equation. The functional for the
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variational problem computed from the solution of
the Laplace equation was 313.391, while that from
the variational Darcy model was 303.854. The
value of the functional (Eq.(1)) is smaller than that
of Laplace equation, which represents normal
Darcy flow, but this model is nonsense because
Eq.(4) that the
conductivity becomes large as ||Vh|| becomes

shows apparent hydraulic
large, which means that a higher flow domain has
higher hydraulic conductivity. Therefore, this

model in which k is constant should not be used.

3.2 Variational non-Darcy model

In the non-Darcy domain, according to the
Forchheimer equation, the apparent hydraulic
conductivity is represented as

1
= 5
© = 4+ brlIVA]| ®)
From this, the solution of k is obtained as
follows,
_—a+ a? + 4b||Vh|| 6
*= 2b||VA]| ©

As ||Vh|| approaches +0, k converges to
1/a. By chain rule, the partial differential of x
with respect to h, is represented as

oc _ ac VAl ok
oh, _olVRll “oh, _ C ax’

()

a—JaZ+ab|[Vh[+—227

a?+4b||Vh||

2p||vn|3

where ¢ =

Ok Ok .
In the same way, — and —— are obtained
ahy on

Z

as follows,
0k

oh,

oh
¢ 0x’

0k

oh,

oh
c 5

(8)

Combine these equations with Eq.(3), the
governing equation for the variational non-Darcy
flow is obtained as

V- ((ak? + bx3||Vh])
+(ax||Vh||? + bx?||VR||®)c)VA = 0. (9)

The computed results are shown in Fig.3 and



Fig.4.
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(b) Variational non-Darcy

(a) Normal Darcy

Fig.3 Piezometric head in the non-Darcy domain

Fig.4 Deviation (Fig.3a — Fig.3b)

Compared to the normal Darcy flow, because
the wvariational non-Darcy flow considers the
changeable apparent hydraulic conductivity, the
piezometric head in the variational non-Darcy flow
become significantly larger. This is because the
apparent hydraulic conductivity in the high flow
domain becomes smaller, and so greater gradient of
h is needed. The functional Eq.(1) for the
variational problem computed from the solution of
variational non-Darcy model was 119.619.

3.3 Conventional non-Darcy model
Conventional non-Darcy model can be expressed as

V- (kVh) =0, (10)

where K is considered the same with Eq.(5).

The computed results are shown in Fig.5 and
Fig.6. As well there is a difference between the
the
conventional non-Darcy model. The functional for
the variational problem computed from the solution
of the conventional non-Darcy model was 120.381,
which is a little greater than that of the variational

solution using Laplace equation and

Darcy model.

Fig.6 and Fig.7 show that compared with
variational non-Darcy model, the deviation of
piezometric head between conventional non-Darcy
model and Laplace equation is smaller. Non-Darcy
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flow is considered in both conventional non-Darcy
model and variational Darcy model, but they still
have big difference.

1 Looso
s
- W
.
[2

ooesn

(a) Normal Darcy

I

3
a

[ :
.

(b) conventional non-Darcy

Fig.5 Piezometric head in the non-Darcy domain

I 0.0e+00

—02

[ 04
-6.2e-01

Fig.6 Deviation (Fig.5a — Fig.5b)

0.0e+00
[ -0.1
—-02
[ 03

-4.3e-01

Fig.7 Deviation (Fig.5b — Fig.3b)

- 3.6e-15
. [~1<+14

—2e14 :

[ -3e-14
-44e-14

(variational Darcy model used changeable x —Fig.5b)

Fig.8 Deviation

If k is calculated by Eq.(6) in the variational
Darcy model in Eq.(4), that means the flow is a
variational non-Darcy flow without the second
term in Eq.(3). Since the difference shown in Fig.8
1s under the tolerance, the same simulation result is
obtained as the conventional non-Darcy model. The
variational non-Darcy model seems more complex,
incorporating terms in permeability and accounting

for the gradient of the hydraulic head. The



conventional non-Darcy model adopts a simpler,
despite allowing for variable permeability. This
means ak? + bk3||Vh|| is equivalent to Kk, so the
difference between the conventional and variational
models is just absence or presence of the second
term.

4.Conclusion

In this study, we perform numerical experiments on
the variational problem of formulating
Forchheimer’s law and introduce a variational
Darcy model, and a variational non-Darcy model.
The piezometric head and the deviation of the
variational problem in the Darcy and non-Darcy
domains are compared with the normal Darcy
model and the conventional non-Darcy model. In
terms of minimizing the functional, the obtained
solution from variational the non-Darcy model
achieved a better solution.
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#IK7 vy 7BOKEEBICER L 2%ZTRROKRE
Study on the shape of drop works focusing on the fluctuation of water level

in the area of riverbed protection blocks

OZEHHFE*, mAIEIR"
KUBOTA Tomohiro*, TAKAKI Kyoji*
1. FLwic

SHE TORUKIE 2 BGR L Z2iiduid, R L 2R C MROBAMK L2 TS 5. Bt D
TR OWANIC X Y FHMRAME T4 2 &, R 7 v v 7 Tt ic B\ CRFTEE 27
A2 ) R BEE B REKFEA L 56, EIKE T O Rarseiiisis R 2 H3#E L 5o k
MicaEIcBH L, FEEsSEL 7o VIETICET 2 L X 5 KRB LS 2 2 L 55 20
o T3 (HEES, 2014).

—77, R T oW odBfRIc 3, EFRX TS50 LMo Lic X 3 LD 2N RE X R
T3 (IS, 1987). LWt L o 4 7KL, ZE/KE 2 EicfER L, AN o Rk
IKIERHERNICEL T B 2 &7 EZLNTE Y, FrcBks4K L Twv 354 sl
DI DHEITHRL 22 b, KR DRE L R Z T EAHL 2 IT I T 5 (HTEF S, 2001).

BE2Z0-#RTRSUETE2 LT L T 225, ZOBICHUKIE L #IK7 0 v 7 ofICE
AT %HETIHEAVD 5. FETOHREICKEL TIE, £ OIS, i TH:, BFH, mis
Bl 5 2 2 B ELMFOMA B DEDL  (BMOKER, 2022), et FE oM, SRk
DHNDG. RFLIL, KT vy 7 OLEWICEE L% L FEOH L ~0%F 5% HiY
& L7 BRI, OBEE Lo FRAKME T L7z iihig CiER 7' m v 7 X[E o L i o i
LEBE L ARWEE TG FEORE, ORE L 72 FiEIC X 2 5ol v 2 TR o Mgt % i
FEHKI L L7z,

il
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x[ml | . 0
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2. HE

AT, K7 vy 7% REFRERIE Xt BHE T V(X 1) 2 fEEL 72, BEL
W% 0<x<0.8[m] DHPHICELE L 72, JEfTb N7z KB RIERROFER L BAE I 2 5720,
METLOEAEGIZ0.2[m] & Lz, 2hix 1/25 o 7 v — FHEBAIREFH 3 2 & JEEC 5[m]
DEZEICH 1= 5. =TI, (AR« 1/2), BB e L7 (X 2). BB S 2= T —
Biph7-0 01[mlovEEx B, KIERE X% 0~05[m]o&EPHATRIZ L L, 2 DIkD
ENIC X BRI OEL R HERONRE Lz, #ER 7 0y 7134 FHER (G S, 2014) & L7,
EIK 7wy 7R3, BENRER L(EELRER, 1982)%2F 1 LT, JFH D 56.7[m]ic
B3 231[mle L7-. iEld 2 e L, 2h 2 nJEB o 15, 30[m?/s]icH 7= % 0.12,
0.24[m?/s] & L7z. Z oy, SMEA/KE ZHHE L, AHEE LoORGHLE 2 KT 7 LIci
B L720.09,0.27[m?/s] % HRICHRE L 7-.

BUEEH I IEEHER) 72 E-MPS(Explicit Moving Particle Simulation) i (k#z &, 2010) % FJFH L
7-. E-MPS L@k 2 b oA L LCERRT 3 FE2 BN Rt Eo 2 TR FETH
D, KEZEED X 5 RRHOREN %6 T 5 MEE TR F L, & I A W IRERE] Cfig <
ZLICHRADRD B, s, WK FEEEEE 0.005[m] & L7z, £72, 7 — 7 vEOFIRICEER
LCHEORENZK 2 7-D1C, HED 0.12[m?/s] DB IZFHE o W% 208 % 0.0004[s],
0.24[m?/s] DERIT1Z 0.0002[s] & L 7=, FitmoBEREtt & L, x>6[m]IcfE) L 72 AR 1
BT =R PRF L LCHENR»OINZREL L. hb, BUEGTE OEEM L, KL
EER L OBRAEMIC L o CTHERINT W3S,

LAEoFEEETMICHEWT, #IK7 1y ZIHOKEDK R T — X RNBLEL 72 & Hip
2 5HEBIAE 20[s]22 5 30[s]0 7 — X)) A HfF L 7. 7 — 2 HUfS 1, E2 0.12[m?/s] D
1 1% 0.08[sIMIRE, 0.24[m?2/s] DELICIE 0.04[s]EFECTfT - 7=.

BETOBEBOHPIRNICE 2 2 ELRIKRT 572010, KEOKRY|T —2%HWT 2 2D
ELAIVIEIE A E A L 72, — 2 HIE, RAMHRZZAD, 00 % T 722 EW (=0.2[m]) TEl - TERITiL L
T2 BT DRKELNIEEL, TH 5. o HIZ, {EHERZESD % EEEmw Tl - THERITL L

Te BT OGRS, TH 5.
AD,.y sD

Ipax = W ’ Iave:W

3. BRBIUEE

X 3 13HES 0.12[m?/s] DBR DO FRIKTH 5. K& K & 25 0.21[m], 0.22[m] D 2 fHilic o
WC, BHERAIRE 20, 25, 30[slflE L 2Rtk 2R L7z, Wil z il s 5 &, kIl X
25 0.21[m] AT DIGEIC 13T T Cm kA4 L 20t L, 0.22[m] M Eoig&iciz
AR L o7z KM E R &2 0.22[m] 086, K7 v v 7 Ch 5 x=1.2 AL CBbKk 234
FL LT3, BoKic X 2/KEEENIEHIKTE & LCRIEICIER Lot T2 R 5 2 &3
Mo TH Y HIEFS, 2001), Z BT 2 NTATE OO AL T Lo,

kB, COEATEZHEL CTHHEKR T vy 7 Pl BES 2 £ Tk i3 ReR
L7z 2O, AEFTAICBT2H#K T vy 7 Y AHE 2L, oSO & E %
HoTWwaZt#EKRT 5.

16



36 34 32, 3 28

26 24 22

2 18 1.6 14 12

1 08 06 04 02 -04 -06 -08 -1

.2
i
_' -E
t=25[s] LB
]
0
d.ﬁ i 3L8 36 34 32 3 2.L8 2.L(> Zf 23 lf l,‘é l.:‘l lﬁ ) ole Of 04 03 0 4&2 O:i -0.6 4(18 - AL.Q
t=30[s]
2
0
4.2 4 38 36 34 32 28 26 24 22 18 16 14 12 08 06 04 02 -02 -04 -06 -08 -1 1.2
XEE{Z[m]
TR #ER7ny s BET i
(F)7kIp % £ X 2 0.21[m]
412 ¢‘1 3;8 3;6 314 312 3 2.‘8 2.‘6 214 212 ? 118 116 1;4 1.2 ] 018 0.‘6 04 012 (? 40[2 q.a 40‘.0 ~q.8 ‘i IL.2
t=20[s]
2
+— +—+—1H0
42 4 38 36 34 32 28 26 24 22 18 16 14 12 08 06 04 02 QO -02 -04 06 -08 -1 -2
t=25(s] £
P 2 BE
o
0
4;2 t‘i 3;8 36 34 32 28 26 24 22 18 16 14 12 08 06 04 02 : -02 -04 -06 -08 1.2
t=30[s]
2
42 4 38 36 34 32 28 26 24 22 1.8 1.6 14 1.2 08 06 04 02 -02 -04 -06 -08 1.2
XEE{Z[m]
TR R #Ex7nv s BEL Wik g
(F)Kkipx £ X :0.22[m] v(m/s)
00 0.5 1 1.5 2 25 29
s !
3 t=20, 25, 30[s]ic & 1F 2 K (BEALEE : 0.12[m?/s])
(B) kM EX :0.21[m] () AKINEEZ : 0.22[m]
5138 om 0.8 —%‘J;EE» Om 0.2
0.1m 0.2m o gém g'im _
— ). 5T Am i
—_—.5m i i
. = E
\ w 3
K 0.1 #
I 3
e =]
= 0.05 S
2 :
—A T
” &
0
4 35 3 25 2 15 1:05 0 4 35 13 25 2 15 1:05 O
XFETZ [m] XEETE [m]
TR #E7Avs  EET bRE 0 TREUKE #K7Avs O EET BRE

K4 ELinfeiEo 22 RN E : 0.12[m?/s])
(F2) A0 F DEKELIVIERIEL, 0 () A>T O FEELINGRET,,,

11



X 4 (ZFEA 0.12[m?/s] DR O ELNIEEE D E DA TH 5. X 4(K) 13420 DR KELN
B L D 25 A %, K4 (F3) 13 220 1 DRI T, D ZE A B R T, K A(FE) 22
FERX T oGE, E2 T CIIRAKTHEZER D 60%DKERLIVCFKE & @7ku<%)7b)§%$

L, #RK7 0y 7 CIIRRTEESD 271%DKFELNEZFEEL TV E. KX R XA
0.2[mILA N oA L og6, AT TIIRAK TEZERD 43~65% D KERLN I FE L, &
K7 vy 7 CIRKTHRERD 17~24%DKFEENIFHEAEL T b, T/, K E R I
0.3[MIA LOBEA T oGE, AT TIIREARENIZIZLALRON AV DD, #EIRT
Oy 7GR CHEEE D 23~30% D KFEELNBTFEE L T 3.

X 4(4) 2> 5, RSN T oA, V52 TIROBEMERZ XK & & 2 S TR ES D 14%ThH

D,EIR7 0y 7 TIIRRKL R IHAETEERD 9% TH 5. KIPE R X2 0.2[mI AT DR
BT oG4, B THOEERZIZRK & R 2 S THREED 12~18%TH v, #K 7o v
IICIRRA L R B CHEEED 6~T%TH 5. $7-, KINE R X2 0.3[m] L EDOREE
TogE, BEITRAEIALNZIEEALER O AWL DD, #ERK 7 v vy 7 TlimAke
7 HIT TR D 9~12% DKFEELN B FEL T S

4 (f5), (B iE, RHE R T LK E R X 23 0.2[m] U FoBER T OB Ak TH Y —
JEZRL, KINER X2 03[MIUEOBEBER T oA ICEKR ey 7iice— 2% RS
MCRIEROMEIAA R 2. KANE 23 0.2[m] U T OREEA T oSG, K7 v v 7o i
A LEERI /N X v D13 P72 T TR EIC X 2 = AL X —IREBEH 220 722 5 72 & iR
IND. ERAETHCTHUKZRE T2 X9 REETIVIREERT 2 2 xRz /NS (T
D IR EBRREI N,

X 5 13RS 0.24[m?/s| DD FAR T H 5. KM E K X 23 0[m], 0.5[m]D 2 filic 2T,
FHREBHART 20, 25, 30[sI#E L 2B o iK% R L7z, K& K & 28 0[m] o BB T o 54,
Yo TR O ER 7w v 7R CHVK S RAE L Tv b, Z ISk LTk E R & 28
0.5[m] DR T oA, BUKIZEHREEMER TR CHREL T LT, RIFDO K & RERR
NnNehoTna,

6 (ZTRED 0.24[m?/s]| DBROELNIEEE D ZEM DA TH 5. K 6(E) 2 b, AKX T 08
A TR TIIRATHEESD 119% D/KFEGLINCEIKEL OKEZ)BREL, #ERKR7 v v 7
TR RTEAEED 64%DKELNIFEAE L Tw 3. KINEEX250.3[m] AT oA T

LAy, AT CIRRAKTHEAZED 102~109% D/KEELNSFE L, #RK 7 v v 7R TldR
KCHEEED 62~T1% DKFEELNBFEE L T B, KX EX 23 0.4[m] LA EORSBR T 08
G, BETH TR IE LA L RONT, #IK 7 n v 7 TRRKTHEESED 29~46% O
KEENDBFEEL TS

X 6(£) 25, MK LoLE, V5% T OEEREITRK L & 2 HE TEEED 29%TH

D, ERTmy ZITIIERKL R IMIECEERD 14%TH 5. KMNER X2 0.3[mIUT o
R T oG, % T OBERFEZITRK L & 2 S THERD 20~32%TH 0, #ERK 70

Y ZICIIRK & R B TR EE D 17~19%TH 5. KN E K X 28 0.4[m] L EOREE AT

DG, FaTH T RERILNIZIZEAERLONT, ERK 7oy 7 Ccldi K ek dHiic

HEED 8~12%TH 5.

18



45 ; i 25
XEE{Z[m]

Fapks ®ET 2 BET Ll
(E)kmERX : 0[m]

6 5.5 5 45 4 3.5 3 2.5 2 1.5 ¥ -0.
| |

ZEE{E[m]

25
XEEHE[m]
TR AR EER7ny s EETL ik
(—F)Zkuﬂg(ﬁé : 05[1’11] v(m/s)
00 05 1 15 2 25 3 3538
s ! !

K5 t=20,25,30[s]ic &1 2 it FEAIERE : 0.24[m?/s])
(B)kmMEEREX :0[m] (F) KIPEREZ :0.5[m]

— )% 0m L5 S om 0.4
0.1m 0.2m 0.1m 0.2m

—0.3m ——0.4m —0.3M  —0.4m

HH T ORKRELIEE]-
BT OFASE N RE-]

4 35 3 25 2 15 1:05 0 4 35 3 25 2 15 1 05 O
X5 m] X 1Z[m]

TRARE @R 0y BEL LhaM TrARE | BRI Rvs  REI Lnm
K6 #LANEIED 2o An (AT R « 0.24[m?/s])
(F2) A0 F DEKELIVIERIEL, 0 () A>T O FEELINGRET,,,

19



6(75), (F) i, RHE T & KATE K &A% 0.3[m] LA T DR B L 0356 1 7% TR ©
v — 7% L, K& R X 25 0.4[m] ML EOSG& ICHERS A ZE L T — 27 EAARHRIT/N
SWEZ R TR CRROEM AR 6N S, & 2T, HBEDOWIIIRIES K E WERENLTH Y,
LI L2 TH % L IIE WHEv. AR O IRIFEIC N 2 C, T I & 1 5 ZE MR 72K
i R L 2 fEES L ETH B .

4, BbYIC

AW X, OFE Lo THRMKRAMET LzmnG R 7 v v 7 XE o Lol L % B
BLAWEELHIFIERORE, ORE L 2RI X 2Rl iEE LR oMET 2 BT
& L7z, Pokic X 2KIMZEB B ZH/KEL L CRIRICER LR OETT 2RO 2 2 2 50
ZC, KEOWRRINEE 2 EBFMT 2 2 & % HIIC A D T DRAKELIVIRIEL, 00 & 21T D
AGEAVIEE e # EFR L, S0 OIEFICHE D WG] e 62 TR 2 BET L 7.

TREA 0.12[m2/s] DA OS2 &, #ERK 7 1 v 7 OKELEE 2 /NE T 57201013, &
FTICREPKE LRI L 720K EZEL T 208K 0T ERBEI N7, KX
Rz 02[mIUAToORBEAEELLE T2 LH#EKRTr Yy VI CIIRARTEESD 17~24% D
KFEENPFREL, KNE R X% 0.3[mILLEE T2 EHRRTEEED 23~30%DKEELILL
FEL. ERT vy Z7IICE T 2 KEOKRERY T — X OREHERZ L, fiEoKMNMEREICE
WTIRAR L R HIT TEESD 6~T%TH Y, BEDOKINER I ICEWTRELEED
9~12%TH - 7=.

TED 0.24[m?/s] B4, KINE R X% 03[mMIU FORBEREEZT LT L#EKR Ty 2
WCIERAKTEERD 62~T1%D/KEENAFEL, KMNER X% 04[mIMU EE T2 LK
TR D 29~46% DI/KEELNAFEA L. K 7 1 v 73BT 2 KEDOR RN T — 2 D
BEHEAR 21X, fTE DKM ER I ICEWTIIRA L R 2 IS TEEED 17~19%TH Y, & D
KIMZERIICEWTIEEETD 8~12%TH - 7. BE DR IFZIRIL N DIRIE2 K % AL
ETHBITH b oI /N RIFEEEZ R L 2. 581, FERHO/KEZEEICH 2 T, i
] D 22 KR R TR L CADRE TEZILELD B,

S Sk

WAEBEAN, SAREE, HREE, SKEAE © REDUKE T OMIRZENRI & SRR T
(B3 2 SEBRAVRRET, )1 Aram S8, Vol.20, pp.301-306, 2014.

HOTHERR, SEARE B, WKERE, I EIES - OB L L CoEKR Lo b ook T H L
I & 2 2 L o HEFTIERE, 5 31 (IR PR R SCEE, pp.359-364, 1987.

ATEPEFEA, (LBRIERH, AR @ SR T2 5 ook LI I T EEKEOFE AT 2
WF9e, /K T35, Vol.45, pp.409-414, 2001.

EMOKEES + LS RFZEGHEER G R HE R OB - e BXGE BHE L BNESCER, 2022,

LRSS L BHE L oskEr, 1982.

RHHES, BIFH—, WL © B RRERNAENT O 72 0 MPS (B 7 LY X 2 0%, HA
FHR TS, p.20100013, 2010.

N

80



B IZRBIT 2B/, 7T A NDJE LB i

Characteristics of Pressure Fluctuations in the Main Pipeline in the Sado Island
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Leak Detection in pipeline by using Non-Contact Measurement

of Water Hammer and Pipe Deformation.
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