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Experimental Analysis of Nodal Head-outflow Relationship Using a Model Water
Supply Network for Pressure Driven Analysis of Water Distribution System
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Abstract : For the analysis of water supply network, demand-driven and pressure-driven analysis methods have been proposed. Of
the two methods, demand-driven analysis (DDA) can only be used in a normal operation condition to evaluate hydraulic status of
a pipe network. Under abnormal conditions, i.e., unexpected pipe destruction, or abnormal low pressure conditions, pressure-driven
analysis (PDA) method should be used to estimate the suppliable flowrate at each node in a network. In order to carry out the
pressure-driven analysis, head-outflow relationship (HOR), which estimates flowrate at a certain pressure at each node, should be
first determined. Most previous studies empirically suggested that each node possesses its own characteristic head-outflow relationship,
which, therefore, requires verification by using actual field data for proper application in PDA modeling. In this study, a model
pipe network was constructed, and various operation scenarios of normal and abnormal conditions, which cannot be realized in real
pipe networks, were established. Using the model network, data on pressure and flowrate at each node were obtained at each operation
condition. Using the data obtained, previously proposed HOR equations were evaluated. In addition, head-outflow relationship at
each node was analyzed especially under multiple pipe destruction events. By analyzing the experimental data obtained from the
model network, it was found that flowrate reduction corresponding to a certain pressure drop (by pipe destruction at one or multiple
points on the network) followed intrinsic head-outflow relationship of each node. By comparing the experimentally obtained head-
outflow relationship with various HOR equations proposed by previous studies, the one proposed by Wagner et al. showed the best
agreement with the exponential parameter, m of 3.0.

Key Words : Pressure Driven Analysis (PDA), Demand Driven Analysis (DDA), Head-Outflow Relationship (HOR), Water Distri-
bution System
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Table 1. Head-outflow relationships proposed in previous studies
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Fig. 1. Layout of the model pipe network constructed for this study.
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Table 3. Scenarios of normal operation conditions

Node
Scenario

N2 N3 N4 N5 N6 N7 N8 Ni1 Ni2

open close close close close close close close close
close open close close close close close close close
close close open close close close close close close
close close close open close close close close close
close close close close open close close close close
close close close close close open close close close
close close close close close close open close close

close close close close close close close open close

© 00 N O 0o b W N =

close close close close close close close close open

Table 4. Scenarios of abnormal operation conditions

Nodes Target Nodes for single pipe Nodes for multi pipe
Scenari node failure simulation (NSPF) failure simulation (NMPF)
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Fig. 3. Head-outflow relationships experimentally obtained at each node under abnormal operation conditions,
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