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Cloud Height, Fillet Volume, and the Effect of
Multiple Impellers in Solids Suspension

The focus of this work is the experimental determination of cloud height and fillet volume
in an agitated slurry as functions of the agitation intensity, solid material, impeller type
(pitched-blade or high efficiency), and system geometry. Cloud height and fillet volume
refer to the level to which the solids are suspended in the slurry and the fraction of solid
material that is not suspended, respectively. The cloud height is not strongly dependent on
the impeller type or solid material, except for extremely rapidly settling particles. However,
it is dependent on the impeller diameter to tank diameter ratio (D/T). The fillet volume
does depend on solid type, but these differences are relatively small for agitation intensities
greater than eighty percent of the just-suspended speed.

Multiple impellers do not exert a significant influence on the agitation level required to
produce just-suspended conditions. The use of multiple impellers does, however, allow
solids to be suspended to higher levels in tall batches. An intermediate impeller separation
leads to optimal performance in terms of the power requirement to achieve a desired cloud
height. Lower impeller separations do not yield significant performance improvements over
a single impeller, while higher impeller separations lead to poor performance caused by
"zoning" between the impellers.
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INTRODUCTION AND MOTIVATION EXPERIMENTAL APPARATUS AND
PROCEDURE

The vast majority of studies concerned with liquid-

solid agitation have focused on the just-suspended
condition, while in industrial agitation installations
there is a need to understand the complete range of
suspension levels. Two important design
parameters in this instance are the fillet volume and
the cloud height. These parameters characterize the
portion of the solid that remains unsuspended on
the tank base and the level to which the particles
are suspended in the slurry, respectively.
Collectively, they represent a qualitative measure of
suspension performance. A more quantitative
measure of suspension performance would be the
complete distribution of solids throughout the
system; however, this task is beyond the scope of
this preliminary study.

A second area of importance to industry is the use
of multiple impellers for liquid-solid agitation. The
effect of dual impellers on the just-suspended speed
and the influence of impeller separation on the
suspension quality will be the primary areas of focus
in this investigation.

For the most part, the experimental apparatus
consisted of a 114 inch (029 m) diameter,
cylindrical, flat-bottomed tank, and either 45°
pitched-blade (P-4) turbines or Chemineer high-
efficiency (HE-3) impellers. An illustration of these
impellers can been seen in Figure 1. The primary
solid studied was an acrylic plastic. Its physical
characteristics and those of the other solids studied
are summarized in the following table.

SOLID PHYSICAL PROPERTIES

Size Density  Settling Velocity

Material Shape (gm) (g/mb) - (ft/min (m/s))
Ton Spheres 780 1.053 2.59 (0.039)
Exchange

Resin

Acrylic  Rectangular 2950 118 15.1 (0.23)
Plastic  Cylinders

Sand Granules 600 259 17.8 (0.27)
Coarse  Granules 1850 259 35.1 (0.53)

Sand
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The typical system geometry was as follows: the off-
bottom clearance of the lowest impeller or of a
single impeller was twenty-five percent of the tank
diameter (C/T =0.25), the impeller diameter to tank
diameter ratio was either thirty-five or forty-eight
percent (D/T=0.35 or 0.48), and the liquid level to
tank diameter ratio (Z/T) was equal to 1.0 or 1.75.
This system geometry was constant for all
experiments except when it was desired to
determine the effects that a parameter had on the
suspension performance. For these experiments,
the new system geometry will be specified as
needed.

For some experiments, it was mnecessary to
determine the power draw. In these cases, the
power number of the impeller system was
determined, and this data can be found in the
appendix. The quantities to be determined, the
just-suspended speed (Nj,), cloud height (CH), and
fillet volume, were measured by visual inspection
(often by agreement of multiple observers) and was
repeated to ensure reliability and repeatability of
the results.

RESULTS AND DISCUSSION

Effect of Liquid Level on the Just-Suspended Speed
of Single Impellers

Introduction

Mechanical agitation allows the suspension of solids
in a liquid phase resulting in a slurry. Many such
industrial installations exist where the liquid level
(Z) is significantly different chan the tank diameter
(T); that is, the Z/T ratio is not unity. These
systems have not been previously well studied, and
it was desired to determine what effect various Z/T
ratios would have on the just-suspended speed.
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blade turbine were used.

Conclusions

The experimental results from the first experiment
(constant mass) can be seen in Figure 2, and they
indicate that under these conditions the just-
suspended speed (N;) is not dependent on the
liquid level (Z) for both impeller types.

The experimental results from the second
experiment (constant solids loading) indicate that
the just-suspended speed is dependent on liquid
level for both impeller types. To analyze the results
of this experiment, the solids loading was adjusted
to a normalized weight percent based on a system
geometry with a square batch (Z/T=1). Using the.
normalized weight percent and a correlation
between the just-suspended speed and the solids
loading developed by Myers', the experimental data
is plotted with the correlation in Figure 3. The
experimental data is in good agreement with the
correlation, and it is recommended that this is a
possible procedure for predicting the just-suspended
speed in non-square geometries (Z/Tw1).

Previous work in this area has been conducted by
Oldshue?, who correlated the just-suspended at any
liquid level as the product of the just-suspended
speed in a square batch (N,(Z/T=1)) and a
correction factor, f.  Mathematically this is
represented by the following equation.

NL(Z/T) = PN (Z/T=1)

However, Oldshue’s procedure varied from that of
the present study in that he held the impeller
clearance to liquid level constant (C/Z=0.25),
whereas in the present experiments the impeller
clearance to tank diameter is kept constant
(C/T=025). Following Oldshue’s procedure,
experiments were performed to determine the
correction factor f as a function of liquid level
(Z/T). The results are plotted with Oldshue’s







































