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Before you design an inertial separator:

Measuring your dust’s

aerodynamic particle size

Bill L. Heumann Fisher-Klosterman Inc.

Predicting how dust particles will act in an air (or
other gas) stream — that is, their aerodynamic
behavior — is all-important for designing cyclones
and venturi scrubbers. Both of these dust control
units operate as inertial separators, which must be
designed for a dust’s aerodynamic particle size
distribution to successfully separate the particles
from air. After introducing some aerodynamic
particle size basics, this article gives practical
information on measuring your dust’s aerodynamic
particle size, correlating sizing results, and using the
results to design your inertial separator.

mong the design data you need for engineering
Aand operating any type of dust control equipment,

one of the most important is your dust’s particle
size distribution. But this is also among the most difficult
data to collect. Not only is it hard to remove a representa-
tive sample from your process or exhaust airstream for
size analysis, you must choose the right sizing method to
ensure that the final data is suitable for designing your
equipment.

Several methods for determining particle size distribution
are available. Most of these are so-called physical sizing
methods because they measure the particles’ physical di-
mensions — the simplest, most direct form of particle siz-
ing. One of the most common methods is sieving, which is
used to measure larger particles (typically 44 microns or
larger, depending on whether the method is wet or dry).
Common methods for measuring smaller particles, in-

cluding those in the submicron range, are microscopic ex-
amination and optical sensing.!

The problem is that knowing your dust particles’ physical
size won’t help you predict how they’ll behave inside a
dust control unit known as an inertial separator. Common
types of inertial separators include cyclones and venturi
scrubbers.” In such a separator the dust particles are accel-
erated by centrifugal force in the separator’s airstream. For
instance, in a cyclone, as shown in Figure 1, the particles’
inertia causes them to move towards the outer cyclone
wall, where they’re conveyed out of the airstream. To un-
derstand this acrodynamic behavior and predict how eas-
ily your particles will be collected in an inertial separator,
you need to measure the particles’ acrodynamic particle
size. This data, along with your required dust collection ef-
ficiency, will help you design and size the equipment and
estimate its cost.

Some aerodynamic particle size basics

While any of several instruments (described in a later sec-
tion) can be used to measure aerodynamic particle size,
each has the same general operating principle: measuring
the velocity at which a particle moves through a gas or lig-
uid while subject to a force. To provide accurate results,
the measurement must allow time for the particle to reach
a constant or steady-state velocity, called the rerminal ve-
locity, at which the acceleration forces on the particle are
balanced by the drag forces on it.

The effect of these forces can be illustrated in a simple ex-
ample: When a sky diver jumps from a plane, gravity ap-
plies acceleration forces to his body as he falls. If he never
encountered air resistance during his fall, he’d continue to



accelerate at 32.2 ft/s? until his parachute opened or he hit
the ground. But in the real world, of course, the sky diver
does encounter air resistance. This applies drag forces to
his body and balances out the acceleration forces, causing
his body to reach a terminal velocity at around 100 mph,
depending on the body’s position.

Terminal velocity and aerodynamic behavior. A particle’s
terminal velocity is more important than its other physical
parameters in determining its acrodynamic behavior. In
fact, two particles with radically different particle shapes,
sizes, densities, and chemical compositions — such as a
10-micron coal fly ash particle and a peanut’s brown skin
— can have the same terminal velocity, allowing them to
be collected equally well in a cyclone or venturi scrubber.

Because terminal velocity is the primary measure of parti-
cle aerodynamics, aerodynamic sizing determines a sam-
ple’s terminal velocity distribution. For a given sample, for
instance, the analysis may find that 5 percent of the parti-
cles have a terminal velocity of less then 1 {t/s, 10 percent
have a terminal velocity less than 5 ft/s, and so on.

Simplifying aerodynamic size descriptions. Because it’s
confusing to describe samples by their terminal velocity
distributions, we can apply Stokes law to equate terminal
velocity with particle size. This lets us describe the parti-
cles’ terminal velocity using Stokes equivalent diameter:

Figure 1

Inertial separation in a cyclone

the diameter of a spherical, homogeneous particle of a
given density that will provide a specific terminal velocity.

Stokes law is expressed (in the most common range of
Reynolds’ numbers)® as:

U = Gd’ (p-g)
T 18y

where U, is terminal velocity (in feet per second), G is
gravitational acceleration (32.2 ft/s?), d is the particle’s
Stokes equivalent diameter (in feet), p is particle density
(in pounds per cubic foot), g is gas density (in pounds per
cubic foot), and u is gas viscosity (in pounds per feet per
second).

If you measure U, for a given particle, you can solve for
the Stokes equivalent diameter using simple algebraic
substitution. The result gives an aerodynamic particle size
distribution for your sample. You can see an example in
Table I, which is a calcium carbonate sample’s aerody-
namic particle size distribution in tabular form.

Table |

Aerodynamic particle size distribution for
B e .




Understanding what this acrodynamic particle size distribu-
tion actually measures is important: If the distribution indi-
cates that 28 .07 percent (by weight) of the sample’s particles
are less than 15 microns at a specific gravity of 2.7,as shown
in the distribution in Table I, this doesn 't mean that 28.07
percent of the particles have a diameter smaller than 15 mi-
crons or that the particles’ specific density is necessarily 2.7.
What it does mean is that 28.07 percent of the particles have
a terminal velocity less than that of a 15-micron-diameter
spherical particle with a specific gravity of 2.7.

Instruments for measuring aerodynamic particle size

While your in-house lab probably has several physical
particle sizing instruments, it may not have an aerody-
namic sizing unit. The latter generally is more expensive
and harder to operate, and it typically produces less repeat-
able results than a physical sizing instrument. Collecting a
representative sample for aerodynamic sizing is also more
difficult and often requires costly isokinetic sampling (fre-
quently done along with stack emission tests), in which a
collection device is placed in the process or exhaust
airstream so that air entering the device is moving at the
same velocity as that in the rest of the airstream.

Contracting an independent test lab to determine your
dust’s acrodynamic particle size can be a practical solution
to these problems. Be aware, however, that not all inde-
pendent labs provide isokinetic sampling or acrodynamic
particle size analysis. When contracting a lab, explain that
you need your dust’s aerodynamic, not physical, particle
size distribution. Be sure that the lab uses a sizing method
that actually measures aerodynamic particle size, rather
than a physical sizing method that calculates particle aero-
dynamics from the physical size measurement.' You can
also send a dust sample to an inertial separator supplier for
acrodynamic particle sizing. A supplier who offers this
service typically charges a fee for it.

Several instruments can measure aerodynamic particle
size. Some commonly used instruments include those
based on liquid sedimentation, rotary classification, and
cascade impaction.

Liquid sedimentation. Several instruments use liquid sed-
imentation to determine a sample’s aerodynamic particle
size distribution. In general, these instruments measure the
rate at which particles dispersed in a liquid (frequently
water) settle. The distribution in Table I was measured by
liquid sedimentation.

Rotary classification. The rotary classification instrument?
rotates at high speed to classify a sample by centrifugal
force into several cuts between 1 and 40 microns. The parti-
cles collected in each cut are weighed to determine the sam-
ple’s aerodynamic particle size distribution. While this
instrument uses the only technique covered by an ASME
code,’ which helps control the results’ reproducibility, this

instrument is more difficult to operate and requires an expe-
rienced technician to achieve accurate results.

Cascade impaction. Cascade impaction instruments
(called cascade impactors) are available in various config-
urations. They re inserted into the process or exhaust stack
airstream, thus providing in situ results, and they’re often
used along with stack emission tests. The instruments con-
sist of several small inertial collection devices that collect
progressively smaller particle sizes. The particles col-
lected in each device are weighed to determine the dust’s
aerodynamic particle size distribution.

The need for correlating aerodynamic sizing results

If your dust’s aerodynamic particle size distribution is pro-
vided by the inertial separator supplier, rather than by your
in-house or contract lab, you probably won’t need to corre-
late two sets of sizing results. But in other cases, you or the
supplier may need to correlate results of different aerody-
namic sizing instruments. For instance, a cyclone supplier
may list performance data for the unit based on liquid sedi-
mentation aerodynamic sizing. Your in-house or contract
lab’s sizing results may be produced by cascade impaction.
You must correlate the two sets of results to ensure that the
equipment you design successfully collects your particles.

While either you or the supplier can correlate the sizing re-
sults, the supplier, whose lab is typically equipped with
more than one aerodynamic sizing instrument, is more
likely to have correlation data for various aerodynamic
sizing methods. This allows the supplier to accept cus-
tomers’ sizing results in many forms. In other situations,
such as when you’re comparing inertial separator perfor-
mance data based on aerodynamic sizing results from
more than one supplier with your sizing results, you can
perform the correlation yourself. To effectively correlate
results produced by different methods, consider the sam-
ple fineness, sample separation, and the number of sizing
tests you need.

Sample fineness. Much of the variation in acrodynamic
sizing results by different instruments depends on the sam-
ple’s fineness. Thus, you need to correlate results over a
broad particle size distribution range. At minimum, use
three different samples in the following size ranges for de-
veloping correlation data:

» Fine: 30 percent of the particles are less than or equal to 2
microns at a specific gravity of 2.7.

* Medium: 10 percent of the particles are less than orequal
to 2 microns at a specific gravity of 2.7,

* Coarse: 0 percent of the particles are less than or equal to
2 microns at a specific gravity of 2.7.

Presieving a sample can help you achieve the desired fine-
ness before you measure the sample’s aerodynamic parti-
cle size distribution.



Sample separation. Handling a sample can cause the par-
ticles to settle and separate by size over time. Make sure
that samples tested by different instruments are well-
mixed before testing and equally representative.

Number of sizing tests. Particle sizing isn’t an exact science.
No matter how carefully you prepare the samples, you need
to test each sample enough times to ensure that your results
represent a reasonably accurate statistical average.

Using the sizing results to design equipment

Work closely with your equipment supplier to design a cy-
clone or venturi scrubber that successfully collects your
dust. The supplier will ask you to fill out a data sheet that
supplies information about your dust and application re-
quirements. In addition to asking for your dust’s aerody-
namic particle size distribution (and the test method used to
measure it), the form typically asks for a physical descrip-
tion of your dust and its bulk density and whether it’s cotro-
sive, abrasive, sticky, explosive, or toxic. Other questions
usually cover your process air (or other gas) conditions (in-
cluding volume and moisture content), what type of equip-
ment you’re selecting, the dust load you expect at the
equipment’s inlet, and the dust collection efficiency the
equipment must achieve.

The supplier will typically feed your acrodynamic sizing
data to a computer that runs calculations to determine
which equipment type and size will achieve your required
collection efficiency at the conditions described on your
data sheet. Knowing which aerodynamic sizing method
was used is critical, because the computer calculations
take differences in sizing methods into account.

The more accurate your acrodynamic sizing results are —
particularly with finer dusts — the easier it is to correctly
design and size the cyclone or venturi scrubber to meet
your dust collection efficiency and cost requirements. How
important is your separator’s collection efficiency? It de-
pends on how the equipment will function in your plant.
For instance, for a cyclone that will serve primarily to cap-
ture dust and recycle it to your process, it’s a matter of eco-
nomics: The better the cyclone’s collection efficiency, the
more money you can save in product recovery. But with a
cyclone or venturi scrubber that will provide emissions
control to meet EPA Clean Air Act requirements, it’s a mat-
ter of complying with the law: If the equipment’s collection
efficiency doesn’t meet your requirements, your stack
emissions can exceed your plant’s allowable limit.

Cost considerations also come into play in correctly select-
ing and sizing the inertial separator. For instance, while a
venturi scrubber that has a smaller pressure drop than you
need won’t provide your required collection efficiency, a

scrubber that has a higher pressure drop than necessary —
while meeting or exceeding your required collection effi-
ciency — will cost more to purchase, install, and operate
than you need to spend.

While measuring your dust’s aerodynamic particle size
will help you predict the dust’s behavior in an inertial sepa-
rator, partnering with your equipment supplier can help
you turn that information into a separator that collects your
dust without breaking your budget. PBE

Endnotes

. With some physical sizing instruments, particle density or known
specific gravity can be input to the instrument so that it calculates an
aerodynamic particle size based on the measured (or assumed)
particle characteristics. However, these results aren’t accurate enough
for predicting particle behavior in an inertial separator.

—_

2. Settling chambers (knockout pots), core separators, and dynamic
separators are less commonly used types of inertial separators.
Aerodynamic classifiers also operate as inertial separators, but
aerodynamic particle size alone isn’t typically used to predict their
performance; aerodynamic classifier performance is usually proven
with pilot testing.

3. For more information on Stokes law, Stokes equivalent diameter, and
related concepts, see subsection 20-7 in Perry’s Chemical Engineers’
Handbook, seventh edition, edited by Don W. Green, McGraw-Hill,
1997.

4. Bahco micro particle classifier; no longer commercially available.

5.For more information contact the American Society of Mechanical
Engineers (ASME), Three Park Avenue, New York, NY 10016-5990;
212-591-7722, fax 212-591-7674 (www.asme.org).

For further reading

Find more information on particle size analysis and dust
control in articles listed under “Particle analysis™ and
“Dust collection and dust control” in Powder and Bulk En-
gineering’s comprehensive “Index to articles” (in the De-
cember 2001 issue and at www.powderbulk.com).
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