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ABSTRACT

This thesis presents an investigation into the application of optical fibre sensors to a
tomographic imaging system.

Several sensing mechanisms for measurement using non-intrusive techniques are
discussed and there relevance to pneumatic conveying discussed. Optical systems are
shown to be worthy of investigation. The optical sensor is modelled to predict the
expected sensor output voltage profiles arising from different, artificially produced flow
regimes. These artificial flow regimes are created by placing a shaped obstruction inside
a gravity drop conveyor in the path of the flowing solids. It is shown that for two arrays,
each consisting of sixteen transducers, approximately 30% of the measurement volume is
sampled.

An image reconstruction method for optical tomography is described, based on the back
projection between view lines algorithm.

The design of the optical tomography system is described, with emphasis on preparation
of the ends of the optical fibre, beam collimation and design of the transmitter and
receiver circuits.

The optical sensors are evaluated singly and as a tomographic array. Results relating to
concentration measurement are presented for solids flow using sand with a mean of 300
micron and plastic beads of 2 mm nominal diameter. Measurements were made with a
single optical sensor using the gravity flow rig. The results demonstrate the suitability of
the optical sensor for concentration measurement for lightly loaded flows (up to
approximately 2% solids by volume in the test). The test is extended to all thirty-two
sensors using a range of solids mass flow rates from 40 to 320 gm/s with both dry sand
and plastic beads over a range of artificially created flow regimes. The results obtained
by comparing the measured and predicted flowrates show good general agreement. The
statistical parameters for the error of the sand flow measurement have been calculated as
having a mean of 6.76% and standard deviation of 3.94% and for plastic beads is 5.43%
and standard deviation of 0.21%. The results also demonstrates that the system is
reasonably independent of flow regime and so the optical fibre system is suitable as a
concentration meter.

Back projection is used to generate tomographic images as an alternative representation
of the data on concentration measurement. This provides a visual representation of
optical density (concentration) information which is not obvious from the concentration
measurements.

Results from experiments on particles with different sizes are presented. The results are

analysed using frequency spectrum techniques and shown to be dependent upon the
particle size for approxxmately spherical particles with diameters between 600 um and
5 mm.

Suggestions for further work on optical fibre sensors and optical fibre tomographic
measurements are made.
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CHAPTER 1

Introduction
1.1 An Overview of Process Tomography

Tomography comes from the Greek words tomo (slice) and graph (picture). As defined
in one encyclopaedia (Helicon 1991) , it is the obtaining of plane section images, which
show a slice through an object. In this project, the objective is to use arrays of optical
fibres as the primary sensors to make tomographic measurements in pneumatic
conveyors transporting dry powders. The measured data will be processed to generate,
on-line, an image which displays the concentration and velocity profile over a cross-

section of the conveyor.

Process tomography evolved in the late 1980's (Beck 1986) to meet a widespread need
for the direct analysis of the internal characteristic of process plants in order to improve
. the design and operation of equipment. The measuring instruments for such applications
must use robust non-invasive sensors which, if required, can operate in aggressive and
fast moving fluids and multiphase mixtures. Process tomography involves using
tomographic imaging methods to manipulate data from remote sensors in order to obtain
precise quantitative data from inaccessible locations (Dickin ef a/ 1991a). The need for |
tomography in process engineering is analogous to the medical need for body scanners,
which has been met by the development of computer-aided tomography (Dickin er al

1991a).

Process tomography is a developing measurement technology. It is gaining attention

from industry because of some recent successes and the increased work into various



fundamental aspects of the technology. This is demonstrated by the first international
workshop on Process Tomography held in 1992 (ECAPT92 1992) and in three
subsequent years which reported new sensing techniques, new algorithms and began to
address the fundamental challenges such as spatial resolution, speed of acquisition,
quality of information and other factors that are essential to make the technology

acceptable to industrial practice.

The specific charactexistic of tomographic measurement is its proven ability to
interrogate the dynamic state of a process condition within a unit operation such as a
mixing vessel or conveyor without interfering with the process itself (Dickin 1992). This
is achieved using nqn—invasive sensors along a cross-sectional boundary of the process
equipment. The fc;mographic measurement data is manipulated using algorithms for
image reconstruction, profile analysis and computation of numerical quantities such as

flow rates, concentration, size and phase distribution.

From the knowledge of material distribution and movement, improved internal models
involving kinetic and dynamic parameters can be derived and used as an aid to optimise
process design. This is in sharp contrast to present day design methodology which
usually assumes time and spaced averaged parameters such as well mixed reactors,

completely fluidised beds, fully dispersed emulsions and so on.

Currently, models based on for example, a computational fluid dynamics approach, are
used to simulate-the internal phenomenon of a particular process (Dickin 1992).
Tomographic techniques can contribute further by validating these models, which
eventually may leéd to better dynamic models when the two technologies are combined

(Illyas and Williams 1993).

10
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