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Abstract—In this paper, a soft-field tomography-based velocity
profile reconstruction is conducted for different two-phase flow
models. The method is based on the use of the sensor sensitivity
gradient in the region of interest based on a Laplacian interro-
gating field. The described method offers a robust and reliable
velocity profile measurement over earlier cross-correlation-based
methods.

I. INTRODUCTION

Multiphase flows are very common in industrial and scien-
tific settings. A popular direct method for two-phase flows
is volume fraction measurement based on electrical capac-
itance sensors [1]–[3]. In particular, electrical capacitance
volume tomography (ECVT) is a relatively new soft-field
tomography technique that is highly suited for direct three-
dimensional (3D) measurement in harsh environments of two-
phase flow measurement exhibiting different permittivity ε for
each phase [4]. In ECVT, a multi-electrode capacitance sensor
is mounted on a flow pipe and the mutual capacitance between
the electrode pairs is obtained (denoted as a frame). In this
modality, the interrogating field has a Laplacian nature and
measurement results are scale-invariant under certain limits.
This measurement is used to reconstruct the permittivity distri-
bution inside the region of interest (RoI) [5]. Such information
may be used as aid to interpretation of various quantities of
interest such as volume fraction, liquid holdup etc. [6].

A velocity profile is another volumetric quantity of interest,
consisting of the spatial map of the velocity vector field
inside the RoI. ECVT has been successfully applied for
velocity profile measurement based on temporal changes in
the measured capacitance frames [7]. Here, we illustrate this
methodology towards velocity profiling of two complemen-
tary flow scenarios: (i) a high permittivity moving object in
low permittivity background, e.g. solid-in-gas, and (ii) a low
permittivity moving object in high permittivity background,
e.g. gas-in-oil.

II. METHODOLOGY

Fig. 1 shows a typical ECVT sensor. The electrodes are
activated with a low-frequency (around 500 kHz) excitation,
resulting in the quasi-static (Laplacian) conditions, described
by Gauss’s law as ~∇·

(
ε~∇φ

)
= 0, where ε is the permittivity

distribution and φ is the electric potential. For capacitance

Fig. 1. A 24-electrode capacitance sensor arranged in a 6× 4 configuration.
Dimension are in mm.

measurements, the sensor can be treated as an n-port recip-
rocal device having M =

(
n
2

)
= n(n − 1)/2 number of

independent measurements. Therefore, a capacitance frame
C can be considered as an M × 1 vector. For imaging, the
sensor domain is discretized into small volume elements, or
voxels. Each voxel is assigned a permittivity g and velocity
vector (vx, vy, vz), which can be collectively written as N ×1
vectors g and (vx,vy,vz) for N number of voxels. Fig. 2
shows an outline for the image and velocity reconstruction
based on successive measurement frames C1,C2,C3, . . .
etc. The reconstruction is essentially an inverse problem [8]
involving the M × N sensor sensitivity matrix S and the
sensitivity gradient matrices (F x,F y,F z) respectively [7],
[9], [10]. Usually, Landweber iteration method is used for
image reconstruction, whereas linear back projection (LBP)
is used for velocity reconstruction [11].

III. RESULTS

Fig. 3a shows the simulation setup for two high permittivity
solid objects moving in low permittivity gas background
with an average velocity ~v = 2 mm/s. The corresponding
reconstructed velocity profile is shown in Fig. 3b, based on
a parallel normalization [12]. Fig. 4a shows the simulation
setup for two low permittivity gas objects moving in high per-
mittivity oil background with an average velocity ~v = 2 mm/s.
The corresponding reconstructed velocity profile is shown in
Fig. 4b, based on an inverse parallel normalization [12]. The
reconstructed profiles match well the true velocity ~v.
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Fig. 2. Method for successive image and velocity reconstruction. Symbols
used, C: capacitance vector, g: image vector, v: velocity profile vec-
tors (vx,vy ,vz), S: sensitivity matrix, F : sensitivity gradient matrices
(F x,F y ,F z), t: time, and fr : frame rate.
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Fig. 3. Simulation results for high permittivity solid objects moving in low
permittivity gas background. (a) Simulation setup with v = 2 mm/s. (b)
Reconstructed velocity profile.

Possible extensions for this method would be the appli-
cation of synthetic or adaptive electrodes for accuracy en-
hancement [13], combination with displacement-current phase
measurement based techniques [14], and utilization of multi-
frequency acquisition based techniques for three-phase flow
measurements [15], [16]. We note that a limitation of the
described velocity profiling method is that it is unable to detect
velocity in the background (continuous) phase since this phase
does not cause any signal variation.
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