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than that of the packed bed. Since Maxwell's equation tends to underpredict
the voidage of a dense bed (see Section 4.1.1), the voidages may be
approximately 3% greater than those calculated. However, these voidages are
consistent with the behavior of a class A powder that exhibits particulate
expansion in the emulsion phase.

In Fig. 4.7, a sudden compaction of the bed is clearly observed on the
voidage trace. This event was simultaneously recorded on the videotape. It is
characteristic of a stick-slip behavior that is often observed in narrow beds of
powders showing degrees of cohesiveness. The detection of this event by the
wall probe illustrates the exceptional sensitivity of this capacitance system.
Within experimental error, the change of voidage associated with this event
was consistent with the magnitude of the drop of the bed surface recorded on
the videotape.

A similar trace was obtained with the parallel-plate probe (Fig. 4.8).
The escape of bubbles, the slow collapse of the emulsion phase, and occasional
stick-slip jumps were observed. However, as expected from its larger
measurement volume, this probe recorded more dramatic voidage fluctuations

during the bubble escape period.

4.2.2 High Temperature Tests

The high temperature capacitance probe was tested at a 20 MW utility
demonstration CFB unit in Canada. The test was unexpectedly interrupted
after the sensing surface separated from the probe head.

Capacitance data near the combustor's water-wall is presented in Fig.

4.9. The probe was inserted 46" into the bed, measured from the probe tip to

the outer combustor wall with the probe penetrating approximately 1' into the
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bed. Figure 4.9 shows a drop in output voltage from 7.1 V in ambient air to

2.8 V in the combustor. This is consistent with the high density of solids
expected in this region of the bed.

A low frequency oscillation of approximately 10 Hz is evident in Fig.
4.9. This may be a characteristic of the bed or it may be due to chatter of the
probe head. Chatter causes the probe head to move within the lance, thus
opening and closing the gap between the guard and ground halves.

Also evident in Fig. 4.9 are instabilities in the capacitance meter's output
signal, demonstrated by abrupt jumps and drops in voltage. Voltages above the
probe's voltage in air and below zero are physically unrealistic with respect to
voidage measurements. Possible circumstances that may cause these
instabilities include: a broken or loose connection, a short between the sensing,
guard, and ground circuits, particle discharge on the sensing and guard
surfaces, and charged particles within the probe's measurement volume. Since
this data was recorded shortly before the sensing plate broke from the probe
head, it is possible that a connection problem caused all or some of the
instabilities. The high resistance measurements (discussed below) indicate that
a short between the electrodes is unlikely. Electrostatic charging of particles
may have contributed to the instabilities. However, problems with
electrostatics were not detected by Kai and Furusaki during high temperature
fluidized bed tests at approximately 367 °C [15].

Although limited data was collected, this test proved that the probe could
withstand the harsh environment in the combustor. The probe was inserted 1
ft. deeper into the bed for materials testing. The ceramic insulators maintained
a high resistivity in the bed. Measured resistances between the guard, ground,
and sensing circuits ranged from 0.4 Mega-ohms to greater than 20 Mega-

ohms, sufficient for operation of the capacitance meter. The probe surfaces
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Figure 4.9. High temperature probe output near the water-wall region of the
CFB. Capacitec's 4100-WB system was used for data collection. The settings
were as follows: offset = 5.12 and gain = 883.6.
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exhibited some oxidation which was less prominent directly above the air-
cooling paths. Thus, the air was able to cool the probe head and lower the
temperature of the ceramics and coaxial cable. The lance interior was kept
well below the maximum operating temperature of the cables, as shown by
little temperature difference between the inlet and outlet cooling water.

While writing this thesis, the probe head was re-designed to lock-in the
sensing plate. The probe will be retested and used to record voidage profiles at

different axial locations along the combustor.




CHAPTER FIVE
CONCLUSION.

A new technique was presented for measuring voidage in gas-solid
flows. Unlike its predecessors, the capacitance probes in this study provide
quantitative voidage measurements at a fast sampling rate (2 kHz). Based on a
guard circuit which nearly eliminates all stray and cable capacitances, these
probes are sensitive enough to obtain accurate and repeatable capacitance
measurements. Two configurations were studied: a parallel-plate
arrangement and a non-intrusive wall probe in which all electrodes lay in the
same plane. A high temperature probe was built for measurements of voidage
in a circulating fluidized bed combustor.

The parallel-plate probe was tested by gradually submerging it in a bed
of glass beads of known dielectric constant and packing coefficient. A
modified form of Rayleigh's relation for conduction in a composite material
provided the best fit to the measurements.

Approximations for the wall probe's capacitance and measurement
volume were derived using complex variables. The predicted capacitance was
in good agreement with the simple two-dimensional solution. Two different
experiments, using glass beads and mineral oil, were performed to determine
the size of the measurement volume. The results of the latter indicate a volume

that extends above the probe to a distance 1.5 times the diameter of the ground
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surface. The effect of finite guard planes around the probe and of freely-
charged surfaces in close proximity to the probe were examined.

The high temperature probe was designed and fabricated. It was
demonstrated in a circulating fluidized bed combustor. Further tests in the

combustor will soon be conducted to measure profiles of solid volume

fraction.
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