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Delay of Discharge Response Operating in a Water Conveyance System
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Table 2-1 Examples of characteristics of flow in numerical analysis
] Wave {hv), (hv)e . vt/ ghy wWe
Case pattern (m*/s/m) (m*/s/m) p Fry (m/s) (m/s)
A inﬁni-‘ 1.00 1.10 1.059 0.625 4.067 2.658
B tesimal 1.00 2.00 1516 0.625 4.067 3.033
C fini- | 1.30 1.30 2410 0.554 2711 2.284
D tesimal 0.97 0.10 3.909 0.496 1.878 1.863
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Fig.2~4 Changing of dimensionless variable Kqs (used as an index of changing states of operated flow)
induced with parameter a.

Table 2-2  Corespondence of classification of infinitesimal long waves made by
Hayashi® and classification of responses due to flow operation

. Dinamic~ . .
= 2 Dynamic wave . . Kinematic wave
= .C Kinematic wave
8 —
288 iL<€ hy iL~ ho iL> hy
&g 8
F 8z
0o 2 2 2
e'g oh o*h oh ' h h 2°h
3 B G ey, L0 AL N AL n L
CE Br Mgy R Bz~ Mgy
a<l a~1 a>1
4
2 g Ke Ko
g8
I
£ g
5 © Kas
g g Kaos
=
o 2 .
= g 0 = L = o =
% 2 -t Tt =yt
© (Diffusion (Monoclinal
analog model)* rising wave)
g g

* Condisions ; infinitesimal wave of which Froude nummer is small.
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&I AT, Fig. 24 ©0<a<l DT, WHTHR
STV DU #R (2-23) O3 b b (2-26)
S & BRI, case A OIRIEEER O &5 H D &
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case D DV R AEFEIL Lo THLRELTVE S
EERLTWVA, B, 0 Ke=2/3 80w fiids
W5 2 K o TS & N BRE e/ 3IE I A LT
Vb,

WAEERRIC L 2 T b 0% S, B LU Fig 2-4 1238
VB P B o 5 OEEO L E T,

Kos=2/3 {(2-71)
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EREE ST D& ORM/NMRIBO R
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2-2 12757 Kinematic wave, & 5 W idHSERE LT
Wil s 2 EAWRTHY, EFHRKEERL T
5o

Fig. 2-4 2B W T
D 0”)“9”11@?3{4[#45@9?0)111 b a DIEORN

, EMTIRENTH S case A~case
A

Table 2~3 Several examples of open-channel
for satisfying condition a~1

Condition ; -’7“?:' 1.0

Water depth Bed slope Distance
h (m) i x (m)
10 171000 1000
’ 173000 3000

Condition ; %:2‘0

Water depth Bed slope Distance
h (m) ‘ x (m)
10 1/1000 2000
’ 173000 6000

€ (0> Q, Bt Q)< Q) ~2>

o
&
e
&
E 1.0
g
o s
j=4
&
=1
| X
& case A ‘
w05
E

0.0

1.0 20

30 40 5.0
B=he/ hy)

Fig. 2-5 Mutual relations among variables Kys, fr» and £ in monoclinal rising

wave, where a> 1.
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Fig. 3-1 Response of channel discharge due to operation at arbitrarily fixed points.
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Fig. 32 Co-error function erfc (£).
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Fig. 33 Classification of infinitesimal long waves on
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Fig. 34 Distribution of the numerical order of Ko(X,
T), K (X, T), Ki{X, T)on X~ T plane.
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Fig. 3-6 Equi-velocity lines at the measuring point number 2.
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Summary

The operation of discharge and delay of response in a open-channel irrigation system were discussed with
mathematical analyses and experimental evaluations. Analytical treatments were made based on the linearized
diffusion analog model.

[1] It was clarified that parameter a obtained as a result of the analyses was an effective factor to describe the
response of the operation, and o was denoted as

a=vX =yT +(A)
in which,
2
= Wl
X= dp 412y

X: Distance represented non-dimensionally, 7": time represented non-dimensionally, x: distance from the upside end
of open-channel (m), ¢: time from the change of discharge (sec), wo: velocity of hydraulic bore (m/sec), #: equivalent
to (hw)/2i, (hv): discharge per unit wise of channel, suffix 0 shows uniform flow and i: bottom slope.

Also, the phenomena of the response in the operations were transferred to down stream as dynamic, dynamic~
kinematic and kinematic waves for a<1, e=1 and a> 1, respectively,

[2] A simple and useful equation was derived as a result of solving the linearized diffusion analog model with in the
effective range of X.
10(Ke=01, 0.1=X=<100)

0.0 (Ke=2/3, 0.15 X =10.0) ~+(B)
—0.6(Ke=09, X=10)

in which, the following indexes were introduced to evaluate the conditions of response with the operation,
(1) Kg=0.1is the beginning index of the response.
(2) K¢=2/3 is the progressive state index.
(3) K¢=09 is the ending index of the response.
K,: Discharge represented non-dimensionally, equivalent to (Q— Qu)/{Qe— Qu), Q: discharge (m%/sec), suffix
shows the uniform flow just before the operation and suffix e shows the uniform flow at the end of the response.
The validity of Eq. (B) was confirmed in the transition range of the dynamic and kinematic waves.
[3] The Egs. (C) and (D) were applied to evaluate dead time D(sec) and time constant 7% (sec) in the indicial
response of flow in an open-channel under various conditions.

D+ To=-t = (C)
Wy
wyl  w'D  [we'D
4pen 4 - 4u, (D)

Equation (C) was derived from the condition of continuity and Eq. (D) was derived from Eq. (B).

The mathematical model for evaluting dead time D and time constant T¢ of the flow in an open-channel with step
works in a serles was presented and checked using a numerical analysis,

The validity of this model was confirmed within about 10 step works in a open-channel.





