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Application of Graph Theory for the Pipe Network Analysis
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Abstract

There are many methods to calculate steady-state flowrate in a large water distribution system.
Linear method which analyzes continuity equations and energy equations simultaneously is most
widely used. Though it is theoretically simple, when it is applied to a practical water distribution
system, it produces a very sparse coefficient matrix and most of its diagonal elements are to be
zero. This sparsity characteristic of coefficient matrix makes it difficult to analyze pipe flow using
the linear method. In this study, a graph theory is introduced to water distribution system analysis
in order to prevent from producing ill-conditioned coefficient matrix and the technique is developed
to produce positive-definite matrix. To test applicability of developed method, this method is applied
to 22 pipes and 142 pipes system located nearby Taegu city. The results obtained from these
applications show that the method can calculate flowrate effectively without failure in converge.
Thus it is expected that the method can analyze steady state flowrate and pressure in pipe network
systems efficiently.

Keywords : pipe flow analysis, graph theory, linear method
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Bl (m—jx ! (cm) * & # 5 3
(m/s) (I/s) (m/s) (I/s)

1 1000.0 28.0 0.442 27.229 0.44 2723
2 1000.0 28.0 0.423 26.025 0.42 26.03
3 400.0 28.0 0.126 7.770 0.13 797
4 350.0 28.0 0.119 7.350 0.12 7.35
5 420.0 28.0 0.153 9.404 0.15 9.40
6 240.0 28.0 0.316 19.458 0.32 19.46
7 300.0 28.0 0.007 0.420 0.01 0.42
8 300.0 28.0 0.130 7.974 0.13 7.98
9 400.0 28.0 0.161 9.923 0.16 9.92
10 400.0 28.0 0.1%4 9,503 0.15 9.50
11 420.0 28.0 0.107 6.574 0.11 6.57
12 600.0 28.0 0.535 32.928 0.53 32.93
13 850.0 28.0 0.435 26,757 043 26.75
14 850.0 28.0 0.439 27.061 0.44 27.06
15 550.0 28.0 0.068 4,217 0.07 422
16 400.0 28.0 0.102 6.278 0.10 6.27
17 550.0 28.0 0.181 11.137 0.18 11.14
18 400.0 28.0 0.259 15.966 0.26 15.96
19 300.0 28.0 0.079 4,859 0.08 4.86
20 550.0 28.0 0.163 10.029 0.16 10.03
21 760.0 28.0 0.181 11.137 0.18 11.14
22 80.0 28.0 1.409 86.746 141 86.74
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e i B 7%y KYPIPE2
asgs | o) i Eam b s *

(m/s) (4/s) (m/s) (4/5)
1 524.0 20.0 0.762 23.929 0.76 23.99
2 660.0 35.0 0.057 5.468 0.06 547
3 700.0 35.0 0.149 14.357 0.15 14.36
4 375.0 20.0 0.827 25978 0.83 25,97
5 775.0 20.0 0534 16.780 0.53 16.78
6 375.0 20.0 0.387 12.162 0.39 12.16
7 580.0 15.0 0.378 6.676 0.38 6.68
8 380.0 10.0 0.114 895 0.11 0.89
9 170.0 10.0 0.062 488 0.06 0.49
10 330.0 10.0 0.504 3.960 0.50 3.96
11 530.0 20.0 0.606 19.048 0.61 19.05
12 270.0 5.0 0.625 1.227 0.62 1.23
13 530.0 15.0 0.469 8.290 0.47 8.29
14 290.0 10.0 -0.711 -5.582 -0.71 -5.58
15 500.0 10.0 -0167 -1.308 -0.17 -1.31
16 450.0 250 0.582 28.546 0.58 2855
17 580.0 25.0 0.488 23971 0.49 23.97
18 540.0 15.0 1.010 17.857 1.01 17.86
19 435.0 25.0 1.431 70.253 143 70.25
20 200.0 150 -1.357 -23.989 -1.36 -23.98
21 276.0 16.8 -1.098 -24.343 -1.10 -24.34
22 428.0 35.0 0.273 26.312 0.27 26.32
23 130.0 20.0 0.993 31.180 0.99 31.18
24 140.0 20.0 0.993 31.180 0.99 3L.18
25 600.0 15.0 0.621 10.972 0.62 10.97
26 420.0 10.0 0.294 2.309 0.29 231
27 360.0 10.0 0.588 4618 0.59 462
28 380.0 20.0 0.585 18.377 0.58 18.38
29 130.0 20.0 0.585 18.378 0.58 18.38
30 210.0 15.0 -0.515 -9.099 -0.51 -9.10
31 324.0 20.0 0.240 7.542 0.24 7.54
32 168.0 10.0 0.960 7542 0.96 754
33 370.0 10.0 0.563 4.425 0.56 442
34 430.0 150 0.940 16.609 0.94 16.61
35 540.0 10.0 0.214 1.680 0.21 1.68
36 380.0 20.0 0.523 16.415 0.52 16.40
37 110.0 20.0 0.778 24.449 0.78 24.44
38 260.0 20.0 -0.756 -23.751 -0.76 -23.75
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