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The branching of fluidic networks becomes a subject of great interest due to its importance in
understanding the behavior of branching networks in biology (cardiovascular and bronchial systems, river basins, the structure of plants and trees, etc..), as well as for the biomimetic design of
engineering systems [1, 2]. The successive division of tubes and their hierarchical structure are distinctive features of tree-shaped networks. As the network progresses, tubes become smaller, both
in length and diameter with the successive division of tubes. The design of these networks is generally assumed as being described by the Hess-Murray’s law [1, 2]. Assuming a HagenPoiseuille
flow and applying the principle of minimum work to the total power requirement, Hess [3] and
Murray [4] show that that the cube of the diameter of the parent vessel equals the sum of the cubes
of the diameters of the daughter vessels. Using the constructal law, Bejan et al. [5] later derived
an equation predicting the lengths of branching tubes by minimizing the overall flow resistance
over a finite-size space. For laminar flow, they also found that the cube of the length of a parent
tube should be equal the sum of the cubes of the lengths of the daughter tubes. Although proposed
first to the optimal design of vessels of cardiovascular system, experimental results seem also to
support Hess-Murrays law for the bronchial trees of mammals, the leaf veins of plants, etc. [2, 6].
However, this law not always hold well for the diameter of acinar airways and for some pulmonary
veins [6, 7]. This paper addresses a fundamental issue of distributing a fluid flow in a network of
vessels with permeable walls. A numerical study is presented to investigate the influence of wall
permeability on the optimum geometrical relationship governing the ratio of sizes of the tubes in
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a branching network. A generalized version of Hess-Murrays law, including the diameters and
lengths of vessels, is derived for the design of fluidic networks and hierarchical fluid distribution
systems with permeable walls.
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