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Figure 8. Comparison of Stokes Law based settling model versus actual data from apex solids threshold testing.
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Figure 9. Apex flux rate as a function of percent of threshold rate. After reaching a functional threshold the flux rate settles to a
constant value.

The maximum flux rate at 100% apex threshold was determined for a range of sand particle sizes and this data used to
generate a series of curves for first-order (approximation) scaling to other desander sizes. Figure 10 shows the mean particle
size versus inlet threshold concentration (ppmw) for 2”-8” desanders. The desanders are scaled up using common cyclonic
geometry ratio (Dapex~0.3Dyiinger). FOr example, a 3” desander separating sand from water with 125 pm mean particle size has
a limiting inlet value of ~2000 ppmw at the inlet stream before the apex is choked due to overcrowding. An 8” desander has a
limiting value of nearly three times that rate (~6000 ppmw). These curves provide a more accurate guideline than the 1%
(10,000 ppm) rule-of-thumb commonly used. They also show that small diameter desanders should not be used in high solids
concentration applications like treating sand jet slurry or during well flow back operations.
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Figure 10. Curves showing inlet concentration at which apex threshold is reached for various diameter desanders. Values based on
sand in fresh water.

Apex Flux Balancing

The curves in Figure 10 show the limiting inlet concentration that a specific size desander can operate before apex choking
occurs. This data is generated and modeled for a static accumulator in which the liquid is displaced up by the downward
falling particles. Modifying the system design to allow the liquid in the accumulator to exit the contained volume in a manner
other than upward through the apex will increase the downward flux of particle thus enabling operation of a desander with a
much higher inlet concentration. An apex flux balance line is installed from the accumulator chamber to an external location
with lower pressure. The outward liquid flow is controlled and the minimum amount should be equal to the volume rate of
solids entering from the apex. The liquid is removed at the same rate as the solids are coming in. This method, called Apex
Flux Balancing (AFB), can be used to overcome the threshold induced by a static accumulator. Figure 11 illustrates a flow
schematic for a single cone desander with an AFB line installed.

To Production

Flux Line

Figure 11. Flow schematic of single cone desander with apex flux balance line installed. Connection is made to the desander vesel
body, above the apex, to the overflow stream. A manual control valve and flow indicator is used to balance the liquid removal rate
with incoming solids collection rate.

The flux line inlet is connected to the desander vessel body and the take-off point is above the insert apex (which creates
a tortuous path and prevents solids from being pulled into the balance line flow). The outlet of the balance line is connected
to the overflow stream in this case, which provides a manageable lower pressure connection point. The flow through this line
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is controlled using a manual valve and flow meter indicator. Ideally the line, valve, and flow meter are sized to allow removal
of liquid in a controlled manner equal to the amount of solids entering the lower accumulator section. This same
configuration can be used with the liner style desander, with the take-off point from the top section of the lower chamber. In
cases of a secondary or external accumulator, the flux line can be attached to the top of this lower vessel, but should be
designed to minimize solids capture by the balance line fluid flow.

Conclusions

The desander, a flooded-core solid-liquid hydrocyclone, is a simple device with a complex fluid flow pattern. The separation
and hydraulic characteristics follow the well-established principles of a hydrocyclone unit process. The transfer of the
separated solids into the accumulation chamber (both integral and secondary) does not follow simple Stokes relationship.
Laboratory analysis of particle trajectory measured the flux rate of these particles and the effect of solid-liquid volume
swapping to yield the apex threshold value. The apex threshold value limits the separation efficiency independent of the
cyclonic factors of the unit process. Along with fluid properties and proper process boundary conditions, knowing the
characteristics of the inlet solids (particle size and concentration) is critical to prevent process inefficiencies that may degrade
separation performance or lead to early mechanical (erosive) failure. The concentration of solids that a desander can treat has
a defined value based on particle size and fluid properties, and for small diameter desanders is less than the common
guidelines used in the industry. Small diameter desander (<4”) should not be used in high solids concentration applications
such as sand jetting or well testing and clean-up.
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