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A Practical Approach for Optimal Design of Pipe Diameters in Pipe Network
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ABSTRACT: An optimizer has been applied for the optimal design of pipe diameters in the
pipe flow network problems. Pipe network flow analysis, which is developed separately, is
performed within the interface for the optimization algorithm. A pipe network is chosen for
the test, and optimizer GenOpt is applied with Nelder-Mead-O’Niell’s simplex algorithm after
solving the network flow problem by the Newton-Raphson method. As a result, optimally de-
signed pipe diameters are successfully obtained which minimize the total design cost. Design
cost of pipe flow network can be considered as the sum of pipe installation cost and pump
operation cost. In this study, a practical and efficient solution method for the pipe network
optimization is presented. Test system is solved for the demonstration of the present optimi-
zation technique.
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Fig. 2 Pipe network flow analysis algorithm.
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Fig. 3 Pipe network for test example.
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Table 1 Optimization results for the test example

Pipe No, Nodes Length Diameter | Roughness FIOW3 rate | Head loss
from to (m) (m) {m) (m'/s) (m)
1 1 2 500 0.15061 0.0001 0.049581 24.6430
2 3 2 300 0.20324 0.0001 0.073655 6.8902
Pipe data 3 4 3 500 0.23578 0.0001 0.160420 24.5070
4 4 1 300 0.17547 0.0001 0.067044 12.1770
5 2 5 600 0.18877 0.0001 0.043235 7.1584
6 3 5 500 0.15006 0.0001 0.036764 14.04380
7 0 1 300 0.15100 0.0001 0.012537 0.9931
8 0 4 300 0.34630 0.0001 0.227460 4.0584
Node No. Pipe No. Dengand Elevation Head Pressure HGL
connected (m'/s) (m) (m) (kPa) {m)
1 1,4, 7 0.03 0.0 180.79 . 17728 180.79
Node data 2 1,2, 5 0.08 0.0 160.20 15709 160.20
3 2,36 0.05 0.0 167.09 1638.4 167.09
4 3, 4,8 0.00 0.0 192.97 1892.3 192.97
5 5 6 0.08 0.0 153.04 1500.7 153.04
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Fig. 5 Converging process of the pipe diame-
ters.

Table 2 Optimum pipe diameters with pres-
sures calculated at nodes

Pipe diameter
Pipe | Initial | Optimum ) Node | Pressure
No. | value | value Nominal | ‘np, (kPa)
m) | (m | vale
1 03 | 015061 | Al50 1 1773
2 03 | 020324 | AZ200 2 1517
3 0.3 { 023578 | A250 3 1538
4 03 | 0.17547 | A200 4 1892
5 0.3 | 018877 | A200 5 1501
6 0.3 | 015006 | Al50 - -
7 03 | 0.15100 } A150 - -
8 03 | 0.34630 | Al50 - -
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