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Theme

EW experiments with heavily loaded two-component

vortex flows show that the interpretation of particle
behavior in terms of a rotating fluidized bed model, previously
established for small length/diameter ratios, is valid for
length/diameter ratios approaching unity. Experimental
data demonstrate that air injection on the end-wall contributes
significantly to the net angular velocity of the rotating particle
cloud, and that simplifyingassumptions made for the tangential
force balance are reasonable. The rotating fluidized bed
model allows extrapolation of these experiments to the opera-
ting regime for a conceptual colloid core reactor.

Contents

Earlier experiments! with particle laden vortex flows were
performed with a short chamber having a length/diameter
ratio of only 0.2. It was observed that solid particles in the
vortex concentrated near the chamber periphery, forming an
annular cloud with particle volume fraction of some 10%.
Measurements of angular velocity and radial pressure drop
across the cloud indicated that centrifugal force on the cloud
was balanced by pressure drop, i.e., the particle suspension
was in a state of fluidization. A mathematical expression for
this radial force balance was obtained by extending analytical
considerations for a columnar fluidized bed to the rotating
case. With the inclusion of wall friction in a tangential force
balance, this flow model was used to extrapolate experimental
results to other flow conditions and chamber geometries.
Experimental data now give support to extrapolations involv-
ing chamber geometries with length/diameter ratios approach-
ing unity, the region of interest for colloid core reactor
applications.

Figure 1shows the basic chamber used for these experiments.
The axial length of this chamber was modified by using vanes
of various lengths. With a chamber diameter of 30.4 cm,
axial lengths of 6.3 ¢m, 12.6 cm, and 18.9 cm were available.
Air was injected at the chamber periphery through slots
formed by the vane overlap; a series of nozzles on the end-
wall, near the chamber outlet, provided air injection to the
wall boundary layer. The mean diameter for talc powder
used in the experiments was 18 p.

The rotating fluidized bed model of the powder loaded
vortex assumes the radial thickness of the bed to be uniform
in the axial direction. This assumption implies that the bed
thickness is independent of chamber length for a constant
powder load per unit chamber length M/h. The close
coincidence of the density curves in Fig. 2 clearly supports
this assumption. The radial density profiles of Fig. 2 were
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Fig. 1 End view and side view of vortex chamber.

obtained from X-ray absorption measurements? for three
different chamber lengths, and constant M/A. Tests have also
shown that the magnitude of particle loss from the vortex is
essentially independent of chamber length, indicating that
circulation patterns within the vortex are independent of
axial length. The ratio of particle mass loss to gas flow rate
in these experiments is of the order of 1073-10-*.

Another important finding of the present experiments is
that end-wall injection, in addition to energizing the end-wall
boundary layer,® provides a substantial input of angular
momentum to the rotating particle cloud. Figure 3 shows
the angular velocity of the rotating cloud plotted against
the dimensionless radius of the vortex. The solid curves
for total powder loads M of 300 g and 700 g, are determined
experimentally for an end-wall injection rate to total injection
rate ratio of m../m =0.6. The dashed lines indicate calcu-
lated conditions for constant circulation I' in the cloud. As
expected from conservation of angular momentum, the data

Fig. 2 Radial distributions of particle density, for various axial
chamber lengths; M/h = 80 g/cm.
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Fig.3 Angular velocity of vortex as function of radius, obtained
from paddle wheel measurements. Approximate radial extent of the

fluidized bed is sketched on graph; ., is gas flow rate through
end-wall injection system, and 71, is flow rate injected at periphery.

points for zero end-wall injection (with gas injection only at
the periphery) follow approximately the constant I' curves.
The figure shows that with high percentage of end-wall injec-

tion, a strong increase of angular velocity occurs toward the

inner cloud boundary, due to momentum input from end-wall
injection. This finding shows that end-wall injection must be
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Fig. 4 Angular velocity as function of total powder mass; solid
curve is calculated from Eq. (1), and points are from paddle wheel
measurements.
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Table 1 Projected reactor parameters

Thrust 22,000 Ibf
Specific impulse 1,000 1bf sec/lbm
Chamber radius R=30cm
Chamber length h=30cm

Fuel mass (1U — 10Zr)C M=20kg

Gas flow rate m =10 kg/sec
Gas injection velocity vo = 50 m/sec
Fuel volume fraction n=10.03

Inner bed radius r=13 cm
Inner bed velocity w = 300 rad/sec
Fluidizing pressure drop 10 atm

considered in the tangential force balance on the particle
cloud. From the previously established flow model, the
circulation at the inner cloud boundary is then

T = T'/[1 + 2mpc (R — 1T g/rir} 0

with I'g the circulation at the periphery R, g the average cloud
density, ¢, wall friction coefficient, and m total injected mass
flowrate. Figure 4 compares angular velocity calculated from
this equation, using experimental values for cloud density,
with velocity data obtained from paddle wheel measurements.
Agreement appears reasonably good, particularly at low total
mass load.

These experiments indicate that the rotating fluidized bed
model is valid over a wide range of vortex chamber length/
diameter ratios, and no adverse particle containment problems
arise as length/diameter ratio approaches unity. These
observations are particularly important for the colloid core
reactor concept, because a larger length/diameter ratio
geometry is more favorable from a nucleonics viewpoint.
Some projected values for operating conditions of such a
reactor, as derived from the fluidized bed model, are listed in
Table 1. The powder mass shown in the table is based on
critical mass calculations of Tang et al.® That nuclear
analysis was limited to length/diameter ratio less than 0.2:
the possibility now is open for optimization of the chamber
geometry to accommodate both the nucleonic and aero-
mechanical requirements.
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