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GRAPH-THEORETIC ANALYSIS OF FLOWS IN NETWORKS
OF PIPES AND OPEN-CHANNELS

By Yoshiaki Iwasa, Shiro Avya and Masayuki YAMAMOTO

Synopsis

The graph theory is used to express the complex structure of pipe and channel networks in
this paper. First, a generalized new method and its applicability to analize steady flows in pipe
networks are discussed. This new method is also applied to steady flows in open-channel net-
works. As for unsteady flows in open-channel networks, another new method is proposed. These
new methods for open-channel networks are applied to numerical simulations of a river network
in Osaka City and computed values are compared with observed ones.
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Fig. 1. Pipe netwoork and its graph.
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Fig. 4. Definition of variables and equations.
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Table 2. Comparison of results by three methods.

Condition

Total length 1Km
Distance 100 m
Slope 2.0x107¢
Manning’s roughness coefficient 0.03 (m-sec)
Discharge at upper boundary 30 m?/sec
Channel width 20m

W.L. at lower boundary 20m

Result (W.L.m)

Section R.K. Method Node Method Loop Method
0 2.0000 2.000 2.000
1 2.0257 2.026 2.026
2 2,0511 2.051 2.051
3 2.0763 2.076 2.076
4 2.1014 2.101 2.101
5 2.1262 2.126 2.126
6 2.1508 2.151 2.151
7 2.1753 2.175 2.175
8 2.1996 2.200 2.200
9 2.2237 2.224 2.224

10 2.2477 2.248 2.248

s, EIREFB LS, KEBBOKSUIKBTE, DTFIEKIOBOAKLIVRITHBOREHE
ZAEEZON, BHARBY ZEEENT, UHREKEEDLFBIVERDN S,
3. 3 FEEROBITE
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EDQ; 5 E(Q"+—Q¥ %)

(U-F)ATh ; (U-F)ATh*"
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RQ; RIQ|" 1.7

FRIEHOT, FETEBEAT SRS, E, F, G, B O#HIKHi-TR, Q h &LT, Bl

RBENTOBEEAOTHET 360LT 3, 2/, R, 1Q] &, ThTh nle,/RAZ Q] Exif

Ba & 3xaFs. choolEE (78) RARAT B E

GDh ; G| AT|(h?"—h¥"~D)
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_l__ 2n+1__ ¢)2n—1) _ _ T, 2’!__,}, T 208 __ p2(n —1)
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SDh 5 57 S(k h2")

AQ; AQ¥H?
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i%’_ts(hz(nﬂ)_hzu)+AQ2n+1:Qezn+1 ........................ (8])

(80) Rk b, K& Q1! 2k, BT v % 4 120#Y, o&FiK (81) R& Y AV Zkvh
i, EBERF Y 7K Q, & h BRHERRDON B, (Fig. 5)

(2) BUBESHEEOBRE

PTFRART LI, (1) TREINERER, stagerred scheme TESFEBLcdDELERTE, T
DIiENS, (1) TRULHBEEOBREETE S, MO, KB, - AW»snL, LEEFEN

|
i
2(n+1) L I il .(l) _____ —_
N
2n+1 * ° /
at |
2n 20 .é ______ —_—
i
Yo
J i 3+
° - - 241 23 2541
Depth Difference Scheme of Continuity Equation
Fig. 5. Method of Computation. Fig. 6. Staggered difference scheme.
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HTHBEL, BrLOHHBARESLEVSDET B,
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Fig. 7. Amplification factor,
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Fig. 8. River network on Osaka City.

Fig. 9. Outline of glaph for a river netwrok in
Osaka City.
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Fig. 10. Result of computation (Steady flow)
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Fig. 11. Result of computation (W.L.~Time curves).
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Fig. 12. Result of computation (Hydrographs at Tenmabashi).
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