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The flow of bulk solids includes the flow of air.  All bulk solids have 
air between the particles and when the solid particles move, the air 
in the voids moves with them.  The air will also move relative to the 
solids particles when there is a pressure gradient.  An air pressure 
gradient may develop when the bulk density of the product changes 
– decreasing or increasing the volume of the voids.

A pressure gradient may also be due to changing pressures in a pro-
cess vessel or due to leakage of air past a rotary valve feeding into a 
pneumatic conveyor etc.  There are times when the movement of air 
(or other gas) can affect, and have an effect on, the movement of the 
bulk solid.

(Photo:  Flooding powder has the properties of a liquid.)

This is especially true when:

1) The solids particles are fine – this implies that the air permeability is low.
2) The air or gas is hot – it is more difficult for the more viscous gas to move through the voids.
3) The solids flow rate is high – air or gas is expected to move quickly relative to the solids as the bulk density 
changes.
4) Process conditions apply pressure gradients across the moving solids.

The flow of air through the bulk solid is a function of the solid’s permeability and the air pressure gradient.   
Permeability is measured in the laboratory on a sample of the product and is a function of the bulk density.  As 
the product expands and contracts under pressure while it is flowing, its bulk density decreases and increases 
and the permeability follows.

There are a number of ways that air or gas will influence the flow of solids.

Flooding

Flooding occurs when a fine material with low permeability is handled in a relatively small bin at a high flow 
rate.  It can also occur in a large bin flowing in funnel flow because the flow channel is relatively small in the 
otherwise stagnant product, effectively making it a small, albeit tall, bin as discussed in the next paragraph.

The mechanism for flooding is that air trapped in the voids travels down with the solid and due to the low per-
meability of the product is not allowed to dissipate.  Near the bottom of the bin, the air in the voids is under high 
pressure.  When the product and trapped air is exposed to atmosphere at the bin outlet, the air expands and 
removes the bulk solid’s ability to form an angle of repose.  Without an angle of repose to hold the solids back, 
the feeder can no longer control the product and it continues to flow past the feeder allowing the product above, 
which still has air trapped in its voids at high pressure, to escape as well and the product floods uncontrollably.



In a large bin or silo, flooding will occur if the product is flowing in funnel flow. In funnel flow, the product forms 
a flow channel within otherwise stagnant material.  Even a relatively free flowing product will form a steep sided 
narrow flow channel.  The fine product entering the narrow flow channel moves at a high velocity down the 
channel and the air in the voids is not allowed to dissipate.  Again, the high-pressure air at the outlet removes 
the product’s angle of repose and it floods.

It is not unusual to use a rotary valve to prevent product flooding from a hopper.  Unfortunately, this deals with 
the catastrophic symptom of flooding but does not restore reliable, uniform gravity flow. Fine powders flowing in 
such a bin with a rotary valve will usually come out with widely varying bulk density.

Limited Flow Rate

In a mass flow bin or silo all the product moves whenever any is withdrawn.  This means that the solids  
velocity in the cylinder section is low.  As it flows, the solids contact pressures and the bulk density increase 
and the total volume of the voids decreases, but the air has time to dissipate. Generally, as the solids pressure 
and bulk density increase in the cylindrical part of the silo, air travels up through the solid and is expelled from 
the top surface.

Figure 1: Pressure and Density in an Element during the Flow at a “Limiting Flowrate Condition”

The highest solids pressure in a mass flow bin or silo is at the transition between the cylinder and the hopper.  
As the bulk solid flows down through the hopper the solids pressure decreases.  This allows the bulk solid to 
dilate as it constantly shears and deforms to flow through the converging hopper section.  As it dilates, the 
voids increase and the air pressure in the voids decreases.

If the flow rate is high enough relative to the bulk solid’s permeability, the air pressure in the voids may fall  
below atmospheric in the lower parts of the hopper.  When the powder reaches the outlet, where the air  
pressure is atmospheric, an upward pressure gradient forms.  At a certain flow rate the pressure gradient will 
be large enough to balance the weight of the flowing product and the limiting flow rate is reached.  With fine 
powders, this limiting flow rate may be a small fraction of the required flow.

The flow rate of the bulk solid can be increased by removing the adverse pressure gradient at the outlet.  One 
way to do this is to increase the size of the outlet. This obviously increases the area through which the solids 
can flow but also reduces the velocity and accelerations at the critical point where they have the most effect.  
This also requires a larger feeder.



Another way to increase the solids flow rate is to replace the air in the voids so that negative pressure does 
not develop in the hopper near the outlet.  The amount of air is critical and too much will turn a limited flow rate 
condition into a flooding condition.  The analysis of the two phases (bulk solid and air) flowing together and 
relative to one another is based on the measured compressibility and permeability properties of the bulk solid.  
The system design is self-limiting so that it will not induce flooding and will compensate for changes in level 
of material in the bin.  It is often possible to increase the solids flow rate by a factor of ten with an air injection 
system.

Comments, Suggestions and More!

If you would like to comment on the article or discuss flooding problems, please feel free to click the link be-
low and post your comments. Its a great way to let our author know what you think about his article!  Add your 
comment to our discussion about it in our Help Forum, click this link:  http://www.powderandbulk.com/cgi-bin/
yabb/YaBB.pl?board=general;action=display;num=1147728080
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