Development of methods for
reconstruction of velocity profiles using
an electromagnetic flow meter

Canccte fiid Conventional  electromagnetic  flow
\,-- meters (EMFMs) can provide accurate
o gy measurements of the volumetric flow
T rate of conducting fluids in axisymmetric
flows. The applicability of EMFMs can be
extended to measure flow rate
accurately in stratified flows by adding
further pairs of electrodes. However, the
challange is to predict not only a
volumetric flow rate or mean flow velocity, but a velocity distribution. An analytical method
based on the discrete Fourier transform (DFT) has been developed for the reconstruction of
velocity profiles in a circular pipe using potential distributions measured by a multi-electrode
electromagnetic flow meter. The velocity profile is composed by axisymmetric and polynomial
components as a function of the spatial coordinates. The technique is applicable for both
axisymmetric and stratified flows. It requires two measurements of the boundary potential
distribution: one measurement in a uniform magnetic field, and another one in a non-uniform
magnetic field. The application of the DFT on the potential distribution measured in the
uniform magnetic field provides possible velocity profiles as a superposition of polynomial
components up to 6th order. The application of the DFT on the potential distribution
measured in the non-uniform magnetic field predicts the axisymmetric velocity profile; and it
is also used to choose the optimum velocity profile among the possible solutions.
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Further challenges are to extend the method to reconstruct velocity profiles in annular flows
and slug flows, and to consider the non-constant conductivity of the fluid flowing in the pipe
section. The method developed is applicable to measure the velocity of a conductive single-
phase fluid, and that of a conductive carrying phase in two-phase flows and in channels inside
circular sections, e.g. in blood-vessels in human limbs.
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