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A Study on the Analysis of Incompressible and Looped Flow
Network Using Topological Constitutive Matrix Equation
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ABSTRACT: Topological matrix which reflects characteristics of network connectivity has been
widely used in efficient solving for complicated flow network. Using topological matrix, one can
easily define continuity at each node of flow network and make algorithm to automatically generate
continuity equation of matrix form. In order to analyze flow network completely it is required to
satisfy energy conservation in closed loops of flow network. Fundamental cycle retrieving algorithm
based on graph theory automatically constructs energy conservation equation in closed loops.
However, it is often accompanied by NP-complete problem. In addition, it always needs fun-—
damental cycle retrieving procedure for every structural change of flow network. This paper
proposes alternative mathematical method to analyze flow network without fundamental cycle
retrieving algorithm. Consequently, the new mathematical method is expected to reduce solving

time and prevent error occurrence by means of simplifying flow network analysis procedure.

Key words: Flow network(f2%), Topological matrix($]/312), Closed loop(¥ 3 &), Linear
pressure loss coefficient(A & 942l &4 7| 47), Topological constitutive matrix equation
(T8 2)
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(b) Branched Network
Fig. 1 The types of flow network.
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Fig. 2 Flow network model for algorithm test.



Table 1 Pipe dimension data for Fig. 2
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Table 2 Comparison of algorithm performance

No. Dia.[m] Length[m] | Roughness Method No. of Iteration
1 0.305 457.2 130 Hardy Cross 645
2 0.203 304.8 130 Newton Cross 151
3 0.203 305.8 120 Newton Raphson 24
4 0.203 609.6 120 Linear Analysis
5 0.203 853.4 120 CTM
6 0.203 335.3 120 Flowmaster 48
7 0.203 304.8 120
3 0.203 762.0 120 35
9 0.203 2438 100 e | st
10 0.152 396.2 100 Sl
11 0.152 30438 100 e
12 0.254 335.3 130 g 10 |
13 0.254 304.8 130 05 |
14 0.152 548.6 120 00
15 0.152 335.3 120 : : PathNo. b :
16 0152 5486 120 (a) Relative flow estimation error to linear analysis
17 0.254 365.9 130 % 2%
18 0.152 5486 120 ST T T A
19 0.152 396.2 120 '§ o Ve \A,A’A{. PN '\\'\‘ /r",’l
8 ol L % L
2 ] ) 3 E?zz % 6% ’.” - 9-Linear Analysis l'-l ," "-‘ ,‘f’
9 15 17 19 4 E o
@219 10 L 11 L 12 L 13 . .23 1 2 3 4 5 Niderjo- 8 9 10 11 12
8 14/ @25 16 18 5/ (b) Normalized Node Balance Residual
Fig. 4 Comparison of analysis result.
8 : 7 ° ®24

Fig. 3 Flowmaster model for Fig. 2.
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