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Semi-analytically derived flow-rate/pressure drop
relationships for the flow of yield stress fluids

through rectilinear pipes of non-circular
cross-sections.
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For the study of yield stress fluids flow in porous media, the complex pore-scale structure has been extensively
idealized as bundles of capillaries. A bundle of rectilinear capillaries of circular cross-section has been used
over the past decade for the development of a new method of pore-size distribution (PSD) characterization
based on the injection of a yield stress fluid. The main idea of this method, considered as an alternative to
the mercury injection porosimetry, is that since those fluids cannot flow below a certain stress threshold,
by measuring the evolution of the flow rate versus the pressure drop across a rock sample, its PSD can be
retrieved through some “inversion”procedure. The numerical inversion techniques allowing to derive the
PSD from experimental data and the experimental feasibility of this innovative and non toxic technique have
been presented in recent works (e.g. Rodríguez de Castro et al., 2014). In order to be more representative of
real pore cross sections, the flow rate/pressure drop relationship has been further investigated using detailed
numerical simulations in bundles of capillaries with square or triangular cross-sections (Malvault et al, 2017).
In this studywe propose a set of semi-empirical formulas that relate flow rate and pressure drop for yield stress
fluids flowing in rectilinear capillaries of square, triangular, and rectangular cross sections. This approach is
based on two main notions: the Critical Bingham number beyond which a yield stress fluid cannot flow
anymore in a pipe of a given cross section; and a Shape Factor, whose physical meaning is the deviation of
the considered shape of cross section (square, triangular, rectangular), from the ideal circular one.
This approach was initially proposed by Saramito and Roquet (2001) for the case of Bingham fluids flowing
in pipes of square cross section. By following the same reasoning, a generalization for the flow of Herschel-
Bulkley fluids in pipes of square, rectangular and triangular cross sections is developed.
The results obtained using the semi-analytical formulas developed in this work are shown to be in very good
agreement with those derived from detailed numerical simulations. They can therefore be used for modeling
flow in bundles of capillaries in a much more efficient and rapid manner.
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