Tree-Shaped Networks for the Distribution of Hot Water

The three designs use the same amount of thermal insulation.
The k and M values are such that the N;, value based on the
L,scaleofthen=16caseisN,=0.01. The dimensionless volume

vls = Vi/(nlo I}%))

where V|, is the total volume of the insulation (the same in all
three designs), and L, and r;, are the length and radius of the
elemental pipes in the n = 16 design. Fig 7 shows that the
temperature of the water received by the end-user increases as
the complexity of the structure (n) increases. A characteristic of
the one-by one growth is the memory thatis demented into each
design. What was built prior to the attachment of the newest
user is retained. This characteristic is found in other flow-
shaped flows in nature, civil engineering and society.

Conclusion

The chief conclusion is that the use of geometric form (shape,
structure) is an effective route to achieving high levels of global
performance under constraints. The brute force approach of
delivering hot water by using large amounts of insulation and
flow rates (small N) is not economical. Much faster progress
toward the goal of global performance maximisation can be
made by recognising and treating the geometric configuration
of the flow system as the main unknown of the problem'.

The constructal design method' illustrated by the work
reviewed in this paper can be extended to several related
applications. First, networks for the distribution of chilled water
require similar tradeoffs for the distribution of insulation, pipe
diameters and pipe links over a territory populated by users.
Second, when the territory is populated by a few large-volume
users, the uniform distribution of users employed in this paper
must be replaced by a few discrete nodes of consumption.
Third, there are many civil engineering applications in which the
nodes of consumption are fixed points on the territory, not
freely moving points as in Fig 6. Networks where some of the
nodes of consumption are fixed could be approached based on
the same method in future studies.

The demonstrated effectiveness of the geometric optimisa-
tion method is relevant to the optimisation of practically every
distributed scheme for heating or cooling a specified area or
volume. An example from the cooling of electronics is a disc-
shaped area that generates heat uniformly: this can be cooled
most effectively by covering the area with tree-shaped inserts
of high conductivity material''.
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Fig Captions

Fig 1: String of users supplied by a single hot stream.

Fig 2: Sequence of square-shaped constructs.

Fig 3: Comparison between the maximised water temperatures
delivered to the farthest users in Fig 1 and Fig 2.

Fig 4: Sequence of constructs obtained by pairing.

Fig 5: Comparison between the end-user temperatures of the
constructs of Figs. 2 and 4.

Fig 6: Growing hot-water distribution network constructed by add-
ing one new user at a time, and placing it in the best location.

Fig 7. Comparison between the one-by-one designs of Fig 6,
showing how the performance improves as the complexity (n)
increases.
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