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AERODYNAMIC PARTICLE SIZE ANALYSIS 
METHOD AND APPARATUS 

This is a U.S. national phase of PCT Application No. 
PCT/US99/02138, filed Feb. 1, 1999, which claims priority 
to U.S. patent application Ser. No. 09/024,341, filed Feb. 
17, 1998, now U.S. Pat. No. 5,949,001, and U.S. patent 
application Ser. No. 09/224,784, filed Jan. 4, 1999, now 
abandoned, which is a Continuation-in-Part of said U.S. 
patent application Ser. No. 09/024,341, filed Feb. 17, 1998. 

FIELD OF THE INVENTION 

The present invention relates to methods and devices for 
measuring airborne particles. In particular, the present 
invention relates to a method and apparatus for determining 
the concentrations of airborne particles in an aerosol as a 
function of aerodynamic particle size. 

BACKGROUND OF THE INVENTION 

The control of industrial and other environments increas 
ingly requires ongoing knowledge of the quantities of air 
borne particles in the atmosphere. Dust and other non 
gaseous particles are found Suspended in air or other gaseous 
media. Such particles Suspensions are referred to herein as 
aeroSols. The effects of airborne particles as well as the 
control of airborne particles are dependent on the ways that 
the different particles move. 

The motion in air of airborne particles and the deposition 
of Such particles onto Surfaces depends primarily on physi 
cal particle size. However, density, shape, Surface properties 
and other characteristics of the particles also influence their 
airborne behavior. Usually these characteristics as well as all 
characteristics that affect particle motion and deposition are 
combined with the physical particle size into a property 
referred to as “aerodynamic particle diameter' or “aerody 
namic particle Size'. A common method for determining the 
Size distribution of particles in a Volume of air, or the 
“aerosol size distribution” of the particles, is to collect the 
airborne or “aeroSol' particles on a filter and to Subsequently 
Size them under an optical or electron microScope. However, 
this method only yields the physical size, not the aerody 
namic particle size. To determine how these particles behave 
in air, in addition to determining the physical particle size by 
this method, it would be necessary to determine the other 
characteristics of the particles that will affect their airborne 
behavior. This technique is time consuming. Therefore, 
methods of dynamically measuring the sizes of particles 
dynamically, while Suspended in air, have been preferred. 
A common method for dynamically measuring the con 

centration and size distribution of particles in the airborne 
State uses techniques Such as optical Single particle size 
Spectrometry. In this method, one particle at a time is passed 
through an illuminated view Volume, and the magnitude of 
light Scattered by each particle is recorded. An optical Single 
particle counter when used with this method is usually 
calibrated with Spherical, monodisperse test particles of 
known particle density and optical characteristics, Such as 
polystyrene latex (PSL) spheres. However, most airborne 
particles have their own light Scattering and absorption 
characteristics, So that the “optical particle diameter” mea 
Sured by Single particle size spectrometry generally does not 
correspond to the “aerodynamic particle diameter'. 
When using the optical Single particle counting method, 

the device embodying this method can be dynamically 
calibrated to measure aerodynamic particle Size by placing 
an impaction Stage at its inlet. An impaction Stage 
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2 
eliminates, from the aeroSol, particles having an aerody 
namic size above an aerodynamic threshold or “aerody 
namic cut”. The aerodynamic cut of an impaction Stage can 
be determined by theory or experiment. Through this type of 
calibration, each optical particle size of the optical Single 
particle counter can be related to its equivalent aerodynamic 
particle size. To operate an optical Single particle counter in 
the field, the impaction Stage is removed from the inlet. 
When an optical Single particle counter is calibrated over a 
wide particle size range, Several impaction Stages with 
different aerodynamic cut sizes are Successively attached to 
the optical Single particle counter's inlet. This calibration is 
done for each aerosol of a different anticipated airborne 
particle composition. Such a calibration process is very time 
consuming. 
A simpler dynamic optical particle Sensing method is 

“aerosol photometry”. In an aerosol photometer, the optical 
View Volume is larger than in an optical Single particle 
counter, thus accommodating a cloud of particles. However, 
the output from Such a device depends not only on the 
optical characteristics of the particles, but also on the size 
distribution of all of the particles in the view volume. The 
light Scattered by each particle depends on its refractive 
indeX and size. 

Another dynamic, but more complex and expensive 
method for determining the aerodynamic particle size dis 
tribution in Situ is by accelerating the aerosol particles in a 
nozzle and then measuring the "time of flight of each 
particle between two points. In a nozzle or other acceleration 
field, aerodynamic drag accelerates large particles to a lesser 
extent than Small particles. Thus, in an acceleration field, the 
time of flight between two points is longer for large particles 
than for small particles. The difference is caused by the 
difference in aerodynamic drag. Thus, this method deter 
mines the particle size distribution through a number of 
different techniques and geometric arrangements, as 
illustrated, for example, in U.S. Pat. Nos. 4,633,714, 5,296, 
910; 5,561,515; 5,679,907; and 5,701,012. 

Based on the above, there remains a need for a more 
efficient and more easily used method and apparatus for 
measuring the concentrations of airborne particles, and 
particularly for determining the aerodynamic particle size 
distribution in an aeroSol. 

SUMMARY OF THE INVENTION 

An objective of the present invention is to determine the 
concentrations of airborne particles in an aerosol as a 
function of aerodynamic particle size. A further objective of 
the present invention is to provide a method and apparatus 
by which airborne particle concentration in an aerosol can be 
Simply, economically and rapidly determined. 
A particular objective of the present invention is to 

provide a method and apparatus for dynamically measuring 
concentrations of airborne particles in an aerosol as a 
function of their aerodynamic particle sizes or diameters. 

According to the principles of the present invention, an 
aeroSol, or air that contains airborne particles, is passed 
through an aerodynamic cut device which performs an 
aerodynamic cut of the particles entering an aerosol particle 
Sensor. The airborne particles in the aerosol can be any inert 
or viable airborne particles, examples of which include dust, 
fume, Smoke, fog, mist, bacteria, pollen, fungal Spores, 
fragments of biological or non-biological material and other 
non-gaseous particles, or combinations thereof. Preferably, 
the aerodynamic cut is achieved by a rotating element in the 
aerodynamic cut device that centrifugally removes from the 
aeroSol particles above or below a specific aerodynamic cut 
SZC. 
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In accordance with the preferred embodiment of the 
invention, the aerodynamic cut is achieved by a rotating 
element in the aerodynamic cut device which centrifugally 
removes particles above a predetermined or Selected aero 
dynamic particle size from the aeroSol, preferably to a 
collecting Surface within the aerodynamic cut device. The 
rotating element may include one or more disc or propeller 
blades mounted on a rotating shaft, or an impeller with 
radial, forward-curved or backward-curved blades or other 
Structure that accelerates particles outwardly from the axis 
of the rotating element. The collecting Surface may be an 
inner wall of the housing containing the rotating element or 
a rotating enclosure or may be an enclosure that contains the 
rotating blade or other Such structure and which rotates with 
Such structure about its axis of rotation. 

In certain preferred embodiments of the present invention, 
the aerodynamic cut is continuously or intermittently varied 
by variably controlling the configuration or motion of the 
rotating element of the cut device So as to change the 
distribution of particles in the aeroSol entering an inlet of an 
aerosol particle sensor. Preferably, the variation of the 
rotating element is achieved by operating the element at a 
Sequence of rotational Speeds, preferably a Sequence in 
which the rotational Speeds are varied from Zero through a 
plurality of discrete increasingly higher rotational Speeds. 
Variation may also include Sequentially or continuously 
adjusting the positions of the blades or other components of 
the rotating element So as to differently affect the centrifugal 
motion of the particles in the aerodynamic cut device. 
AS a result of the variations, a Series of aerosols contain 

ing particles of sizes larger than the aerodynamic cuts 
determined by the Set rotational Speeds or other cut Settings 
of the cut device are measured. The Series of measurements 
are taken with an aeroSol Sensor of the particles remaining 
in the aerosol after each cut. Each of the measurements may, 
in this way, include a single analog measurement of the total 
particle content or concentration remaining in the aeroSol 
after the cut. Preferably, a controller is provided having a 
memory that Stores the Series of measurements and having 
a processor that combines the data from the different mea 
Surements to calculate the concentrations of airborne par 
ticles as a function of their aerodynamic particle sizes. 

Preferably also, dynamic calibration is carried out before 
measurements of unknown concentrations of particles are 
taken. The calibration may include the operation of the 
rotating element at each of its different Settings, Such as by 
increasing its rotary Speed through a sequence of predeter 
mined rotational Speeds, and collecting or otherwise mea 
Suring the total of the particles or the numeric distributions 
of the remaining particles of each of the aerodynamic size 
distributions as the parameters or Settings of the rotating 
element are varied. Determination of the aerodynamic par 
ticle size distribution may be made by use of a relatively 
inexpensive Sensing device, Such as an optical Single particle 
counter, an aerosol photometer, or any other aeroSol Sensor 
that responds to a specific property of the aerosol particles 
Such as mass, fluorescence, magnetism, radioactivity, etc. 

In one preferred method of the present invention, airborne 
particles are drawn through an aerodynamic cut device 
which continuously or intermittently changes the aerody 
namic cut of the particles entering an aeroSol Sensor. AeroSol 
Sensing may include optical Sensing performed, for example, 
by optical Single particle size spectrometry or by aeroSol 
photometry. The aerodynamic cut may be achieved by 
rotating the rotating element to centrifugally remove par 
ticles larger than a specific size to the inner wall of the 
housing containing the rotating element. Continuously 
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4 
changing the aerodynamic cut has the advantage of taking 
less time, Since the Voltage Signal of the aeroSol Sensor can 
be related to the operational characteristics of the aerody 
namic cut device through consideration of the time it takes 
for the aerosol particles to move from the aerodynamic cut 
device to the Sensing element of the aeroSol Sensor. 

In the preferred embodiment of the invention, the rotating 
element is configured to allow the aerosol to remain in the 
cut device for sufficient time to allow particles that are to be 
extracted by the cut device to be efficiently removed from 
the aerosol. This is achieved by restricting the outlet from 
the apparatus So as to prevent a high flow rate of aeroSol 
through the apparatus due to the rotation of the rotating 
element, particularly when the rotating element is rotating at 
higher rotational Speeds. Further, a pump is preferably 
provided at the outlet of the apparatus to facilitate flow of 
aeroSol through the apparatus at low rotational Speeds of the 
rotating element and when the element is not rotating. 
Preferably, outlet flow restriction and Separate pumping are 
coordinated to provide a constant rate of aerosol flow 
through the apparatus. 

In the preferred method, the measurements are first taken 
with the rotating element of the aerodynamic cut device not 
rotating. When the rotating element is Stationary and an 
optical Single particle counter is used as a Sensor, the Sensor 
records the aerosol particle counts in Specific "optical par 
ticle diameter' ranges. The amount of light Scattered or 
absorbed by a particle depends on the optical characteristics 
of the particle. Such "optical particle diameter generally 
does not correspond to the “aerodynamic particle diameter'. 

Calibration to aerodynamic particle size of an apparatus 
that employs a Single particle counter as a Sensor is per 
formed while a constant aerosol particle size distribution is 
maintained, with the aerodynamic cut device continuously 
or intermittently increasing its rotational Speed as a Series of 
measurements are taken. Each rotational Speed corresponds 
to a specific aerodynamic cut size. In the preferred embodi 
ments of the invention, the aerodynamic particle size of the 
changing aerodynamic cut decreases as the rotational Speed 
increases. In this way, the optical particle size can be related 
to a corresponding aerodynamic particle Size for the aeroSol 
being measured. Once an optical Single particle counter is 
calibrated relative to aerodynamic particle size for a specific 
aeroSol environment, the aerodynamic cut device can be 
removed and the optical Single particle counter can be 
operated alone as long as the material characteristics of the 
aeroSol particles and the determined size distribution of 
particles in the aeroSol do not change Substantially. 

In a preferred embodiment of the invention in which an 
aeroSol photometer is used as the aeroSol Sensor in the 
apparatus, the aerodynamic cut device becomes an integral 
part of the photometer, effectively turning the aeroSol pho 
tometer into an aeroSol Size spectrometer. With Such an 
apparatus, at the beginning of a measurement cycle, a 
measurement is made with the rotating element in the 
aerodynamic cut device not rotating. Thus, the aeroSol 
photometer output from a measurement of the aerosol enter 
ing the aerosol photometer at the beginning of the measure 
ment cycle corresponds to the entire aerosol cloud passing 
into the apparatus. AS the rotating element in the aerody 
namic cut device increases its rotational Speed, the aeroSol 
photometer output is reduced by the amount of aeroSol 
particles removed in the aerodynamic cut device. Thus, the 
difference in Signal output obtained when increasing the 
Speed of rotation of the rotating element corresponds to the 
aeroSol particles removed in the aerodynamic particle size 
range defined by two rotating Speeds, and is calculated by 
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Subtracting the two Stored measurements with a controller. 
For calibration, the aerosol particles that have passed 
through the aerosol photometer can be collected on a filter, 
and the particle count, Surface area, Volume or mass of 
particles deposited on the filter can be related to the pho 
tometer Signals. 

With this invention, higher aerosol concentrations can be 
measured than with the more complex and expensive "time 
of flight' method, because in the “time of flight' method the 
processing time for each particle is much longer. When 
aeroSol photometry or dynamic aeroSol mass Sensing is used 
for the aeroSol Sensing, the aeroSol flow rate can be much 
higher than in the “time of flight' method. Thus, a much 
larger Volume of air can be analyzed as to its aerodynamic 
particle concentration in Specific aerodynamic size ranges. 

Thus, advantages of the present invention include provi 
Sion of an inexpensive apparatus and method for calibrating 
an optical Single particle counter with respect to the aero 
dynamic particle sizes of the aerosol particles being 
sampled. Embodiments of the invention are effective when 
using an optical Single particle counter. The method can be 
used as an integral part of an aerosol photometer or aeroSol 
mass Sensor So that the output of the aerosol photometer or 
aeroSol mass Sensor can be related to specific aerodynamic 
particle sizes, thus turning the aerosol photometer or aeroSol 
mass Sensor into an aerodynamic particle Size Spectrometer. 

Another advantage of the present invention is the ability 
to measure higher concentrations of aeroSol particles than is 
possible with the more complex and expensive "time of 
flight' method. A further advantage of the invention is the 
ability to measure a larger Volume of aerosol particles per 
unit of time than is possible with the more complex and 
expensive “time of flight' method. 

These and other objectives and advantages of the present 
invention will be more readily apparent from the following 
detailed description of the of the preferred embodiments of 
the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a Schematic diagram of an aerodynamic particle 
Size analysis apparatus according to principles of the present 
invention. 

FIG. 1A is a schematic diagram of one embodiment of the 
apparatus of FIG. 1. 

FIG. 1B is a schematic diagram of a portion of FIG. 1 
illustrating an alternative to the cut device portion of the 
apparatus of FIG. 1A. 

FIG. 1C is a schematic diagram of a portion of FIG. 1 
illustrating another alternative to the cut device portion of 
the apparatus of FIGS. 1A and 1B. 

FIG. 1D is a schematic diagram of a portion of FIG. 1 
illustrating a further alternative to the cut device portion of 
the apparatus of FIGS. 1A-1C. 

FIG. 1E is a schematic diagram of a portion of FIG. 1 
illustrating a Still further alternative to the cut device portion 
of the apparatus of FIGS. 1A-1D. 

FIGS. 2A-2D are partial cross-sectional views along the 
line 2-2 of FIG. 1 illustrating alternative configurations of 
rotating elements of the cut device. 

FIGS. 3A and 3B are diagrams of cut device variable pitch 
rotating element alternatives to the elements of FIGS. 
2A-2D. 

FIGS. 4A and 4B are diagrams of further cut device 
variable configuration rotating element alternatives to those 
of FIGS 3A-3B. 
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6 
FIG. 5 is a graphical representation of typical raw and 

processed output data Signals from an aerosol photometer or 
mass type aeroSol Sensor of an apparatus of FIG. 1. 

FIG. 6 is a graphical representation of an output display 
of an aerodynamic particle size distribution output by the 
aeroSol photometer or mass Sensor of the apparatus of FIG. 
1 operating as an aerodynamic particle size spectrometer. 

FIGS. 7A-7C are graphical representations of typical 
particle size distributions recorded by an optical Single 
particle size spectrometer type aeroSol Sensor at various 
aerodynamic particle Size cut Settings of the cut device of the 
apparatus of FIG. 1. 

FIG. 8 is a graphical representation of the relation 
between aerodynamic particle size and optical particle size 
for an optical Single particle counter in the apparatus of FIG. 
1 Sampling an aeroSol environment. 

FIG. 9 is a graphical representation of the calibration 
curves at various aerodynamic cut device Settings of the 
apparatus of FIG. 1. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

In the preferred embodiment of the invention, an airborne 
particle concentration analysis 10 is provided which 
includes an aerodynamic cut device 12 and an aeroSol Sensor 
16. The apparatus 10 functions to draw an aerosol, or air 
containing airborne particles, into an inlet 11 of the appa 
ratus 10 and through the aerodynamic cut device 12 of the 
apparatus 10, which removes, from the aeroSol, particles of 
an aerodynamic particle Size that is above a Set particle size 
or “aerodynamic cut', before the aerosol enters the aeroSol 
Sensor 16, which measures the numbers or concentrations of 
particles remaining in the aeroSol. The cut device 12 is 
operated to continuously or intermittently change the aero 
dynamic cut of the particle fraction entering an aeroSol 
sensor 16 to enable the sensor 16 to collect data from which 
can be determined the concentration in the aerosol of 
airborne particles as a function of their aerodynamic particle 
size. The cut device 12 preferably has a separation chamber 
15 and a rotating element 14 within a chamber 15 within the 
device 12 and driven by a variable speed motor 13. 

Airborne particles can be any individual or combination 
of inert or viable airborne particles, including dust, fume, 
fog, mist, Smoke, bacteria, pollen, fungal Spores, fragments 
of biological or non-biological material, or other Suspended 
non-gaseous material or combinations thereof. Airborne 
particle Sensing is performed by the aeroSol Sensor 16 that 
may be in the form of optical Single particle size 
Spectrometer, an aerosol photometer, or Some other type of 
Sensing device configured to generate a variable output 
Signal that is responsive to the concentration of airborne 
particles in the aerosol. Such other types of Sensing devices 
include fiber counters, condensation nuclei counters, aeroSol 
mass monitors and other devices that Sense the aeroSol 
particles. The aerosol particles can be measured by the 
Sensor by enumeration or counting the number of particles, 
by measuring their Surface area, mass magnetism, fluores 
cence or radioactivity or by detecting any other physical 
parameter or property that is responsive to their concentra 
tion or presence. FIGS. 5 and 6 described below are 
examples of data from an aeroSol Sensor 16 that is in the 
form of an aeroSol photometer or aerosol mass Sensor, where 
FIGS. 7A-7C are examples of data from a single particle 
counter optical Sensor. 

Preferably, the aerodynamic cut is achieved in the cut 
device 12 by a rotating element 14 that is configured to 
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centrifugally remove particles larger than a specific size 
from the aerosol that enters the apparatus 10 through the 
inlet 11. Typically, the cut is made by removing particles 
larger than the aerodynamic cut to an inner wall 17 of a fixed 
housing 18 of the cut device 12 of the apparatus 10 of FIG. 
1. For example, the removed particles are collected on walls 
17a-17c of a fixed housing 18a–18c containing the rotating 
elements 14a–14c, as respectively illustrated in embodi 
ments 10a–10c of FIGS. 1A-1C, or onto the inner walls 
21,21a of enclosures 20.20a that rotate with the rotating 
elements 14d-14e, as respectively illustrated in the cut 
devices 12d, 12e of the embodiments of FIGS. 1D and 1E. 
Some particles are also removed to the blades of the rotating 
elements, which can be coated with Sticky Substances in 
certain applications where it is desired to exploit Such 
particle removal. 

The rotating element 14 may include one or more disc or 
propeller blades mounted on a rotating shaft, or an impeller 
with radial, forward-curved or backward-curved blades, or 
an impeller with constant cross-section radial passages as 
illustrated in FIGS. 2A-2D. Furthermore, variable pitch 
blades as illustrated in FIGS. 3A and 3B may be used in an 
axial fan configuration. FIG. 3A illustrates Such an axial fan 
with the blades aligned parallel to the axis of rotation, 
therefore providing maximum particle removal at a given 
RPM. In FIG. 3B, the same blades are aligned in a plane 
perpendicular to the axis of rotation, providing minimum 
particle removal at a given RPM. The angles can be made to 
vary between these two extremes to provide control of the 
particle removal of the cut device 12. FIGS. 4A and 4B 
illustrate blades of the rotary element 14 placed at different 
radial positions relative to the peripheral inner wall 17 of the 
housing 18 of the cut device 12. The configuration of FIG. 
4B with the blades closer to the wall 17 typically results in 
a lower particle size cut because more particles are removed 
from the aerosol. Radial in-out adjustability of the blades 
can be provided by making the blades moveable on the 
rotary element 14 and providing a Suitable adjustment 
mechanism. 
As seen more particularly in FIG. 1, the preferred embodi 

ment of the invention includes an aerodynamic cut device 
12, aerosol sensor 16, and a controller 30. The controller 30 
is programmed and operable to perform control, monitoring 
and data Storage functions and to process the data for 
analysis. The aerodynamic cut device 12 is controlled by the 
controller 30 So as to continuously or intermittently change 
the aerodynamic cut of aeroSol entering through the inlet 11 
and proceeding to the aeroSol Sensor 16. Preferably, the cut 
is changed by Stepping the cut progressively through dis 
crete Selected cut sizes or by changing the cut continuously. 
The cut device 12 preferably removes particles larger than 
the aerodynamic cut size of the Selected cut So that mostly 
only particles below the aerodynamic cut Size enter the 
aeroSol Sensor 16. 
One embodiment of an apparatus 10a is illustrated in FIG. 

1A. In the apparatus 10a, an aerosol to be analyzed is drawn 
into the aerodynamic cut device 10a through inlet 11 which 
can be of any design compatible with Sampling the aeroSol 
particles under consideration. The aerosol to be analyzed 
passes through this inlet 11 into the housing 18a of the 
aerodynamic cut device 12a. The device 12a contains a 
rotary element 14a in the form of an axial fan which is a 
propeller-like impeller. Impellers of the tube-axial or Vane 
axial types are also Suitable alternatives, and may be 
designed to propel aerosol through the apparatus 10 or 
merely to centrifugally move the airborne particles for 
Selective removal, relying in whole or in part on a Separate 
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8 
pump or fan to move the aerosol through the apparatus 10. 
With the illustrated rotary element 14a, blades 22 are fixed 
to and extend radially from a Shaft 23 and rotate at a speed 
that can be changed, either continuously through an infinite 
number of Settings or intermittently among discrete Speed 
Settings from Zero to a high number of revolutions per 
minute (RPM). The RPM depends on the aerodynamic cut 
Size desired, and the size and design of the blades 22. The 
blades 22 are rotated by motor 13 whose drive shaft 24 
moves Shaft 23 through coupling 26. Coupling 26 is an 
example of how the motor 13 can rotate the blades 22. Other 
means of coupling can be used. The Speed of the motor 13 
is preferably variable and controlled by the controller 30. 
The variation in the speed of the rotary element 14a is 
preferably the mechanism for the selective variation of 
aerodynamic cut Setting of the cut device 12a. 
To enhance the ability of the cut device to remove 

particles from the aerosol, the inside wall 17a of the housing 
may have attached to it a coating of Sticky Substance 19 
whose purpose is to retain the particles that are removed 
from the aerosol flow to the inner wall 17a of the housing 
18a by rotation of the blades 22. Sticky Substance 19 may be 
a material Such as oil or other adhesive material and may be 
applied directly to the inner wall 17a of the housing 18a. 
Sticky Substance 19 may also be a removable insert with an 
adhesive coating on the Side facing the blades 22. The blades 
22 may be made of or coated with a non-Sticky material Such 
as silicone or TEFLON to reduce particle adhesion to the 
blades 22. Alternatively, the blades may be made sticky to 
exploit rather than inhibit removal of particles by the blades. 
The rotary element 14a may have radial blades 22a, 
backward-curved blades 22b, forward-curved blades 22c or 
a constant cross-section radial passage impeller 22d, as 
illustrated respectively in FIGS. 2A-2D, or airfoil blades 
(not shown). Blade configuration can affect the “sharpness” 
of the aerodynamic cut by the cut device 12. For instance, 
the air velocity in FIG. 2D is quite uniform across the 
croSS-Section at a given radial position in the constant 
croSS-Section impeller shown. Thus, each constant croSS 
Section passage forms a moving impaction nozzle. The more 
uniform the aerosol particle Velocity in leaving the impeller, 
the greater the “sharpness” of the aerodynamic cut. 
The housing 18a preferably has an outlet to which is 

attached a flow splitter 27 having a first branch that connects 
to the aeroSol Sensor 16 and a Second branch that connects 
to an exhaust pump 40. The pump 40 provides the main 
propulsion of aerosol through the apparatus 10a. An optional 
filter 41 is also inserted in the second branch upstream of 
pump 40. An optional filter 41a may also be provided at the 
outlet of the aerosol sensor 16. Pump 40 is preferably 
variable and controlled by the controller 30, which is pro 
grammed to operate 20 the pump 40 So as to maintain a 
desired flow rate, Such as a constant flow rate, through the 
apparatus 10a. The flow splitter 27, pump 40 and filters 
41,41a may be used with other embodiments of the appa 
ratus 10 described herein. 

In addition or in the alternative to the pump 40, flow 
control through the various embodiments of the apparatus 10 
may be controlled by the placement of a flow restriction 
valve 45 in the second branch of the flow splitter 27. The 
valve 45 provides the ability to restrict the flow through the 
cut device 12 So that the aerosol can be made to remain 
longer in the cut device 12, which facilitates the extraction 
of smaller particles from the aerosol by the cut device 12. 
The valve 45 may be provided in series with a pump 40 or 
in systems 10 that do not have a pump 40 where, for 
example, the rotary element 14 of the cut device 12 provides 
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the propulsion force to move the aerosol through the cut 
device 12. A valve 45a may similarly be provided at the 
outlet of the aeroSol Sensor 16, particularly in Systems that 
do not include a flow splitter 27, to restrict the flow through 
the cut device 12 of apparatus 10. Valves 45 and 45a may be 
controlled in coordination with the motor 13 where the 
rotary element 14 is rotated at different speeds or with blade 
pitch variation. With the ability provided by the flow restric 
tors 45.45a to cause the aerosol to remain longer in the cut 
device 12, the ability to remove Smaller particles is 
increased, which allows the cut size to be varied over a wider 
range, for example, over a range of 30 to 1. 

The flow rate of the aeroSol entering the aerodynamic cut 
device 10a is equal to the sum of the flow rates through 
pump 40 and through an inlet 44 of the aerosol sensor 16. In 
Some circumstances, the flow Splitter 27 can be eliminated 
So that the aeroSol Sensor 16 is directly coupled to the exit 
port of the aerodynamic cut device 12. In that case, the 
Volumetric flow rate entering the aeroSol Sensor 16 through 
its inlet 44 equals the Volumetric flow rate entering the 
aerodynamic cut device 12 through the inlet 11. Sensing of 
the airborne particles may be performed by sensors 16 that 
perform optical Single particle size spectrometry or aeroSol 
photometry or by other aeroSol Sensor devices. 

The blades 22 of FIG. 1A may be replaced by a centrifugal 
fan type rotary element 14b of the alternative cut device 12b 
illustrated in FIG. 1B. All such rotating element configura 
tions can be effective for centrifugally removing aeroSol 
particles larger than the desired aerodynamic cut sizes by use 
of the aerodynamic cut device 12a. Other elements and their 
functions may be similar to those shown in FIG. 1B. 

In FIG. 1C, a less preferred though useable centrifugal fan 
type rotary element 14c is provided having either radial, 
forward-curved, backward-curved or constant cross-section 
blades similar to the rotary element 14b shown in FIG. 1B. 
In the illustration of FIG. 1C, the exit aerosol flow from the 
aerodynamic cut device 12c is perpendicular to the incoming 
aerosol flow. In this case, the motor 13 may be attached 
directly to shaft 23 without use of a coupling. All other 
elements and their functions may be similar to those of the 
embodiment of FIG. 1B. An optional inlet extension 38 with 
a gradual ninety degree bend can be attached to inlet 11 of 
the aeroSol cut device 12c, to permit the aerosol to be 
Sampled in the same direction as the inlet axis of the aeroSol 
sensor 16. 

In FIG. 1D, rotary element 14d is provided with blades 
22d carried on the interior of enclosure 20 which rotates as 
an integral part of the rotary element 14d. The enclosure 20 
Serves as a collector and has an interior Surface 21 on which, 
along with the surfaces of the blades 22d, collect the 
particles which the cut device 12 removes from the aerosol 
passing therethrough. The enclosure 20 collects the 
extracted particles more effectively than in many cut devices 
12 of the type described above in which particles are 
collected on the inside 17 of a stationary housing 18. In 
rotary enclosures 20, exit holes 29 are provided in the end 
wall of the enclosure 20 near but slightly spaced from the 
peripheral Surface which is the primary collector Surface 21, 
to allow flow of aerosol containing the airborne particles that 
Survive the cut out of the enclosure 20 to the exit of the cut 
device 12d 

With the embodiment of FIG. 1D, the rotary element 14d 
with the impeller or assembly of blades 22d and enclosure 
collector 20 are rotated at progressively various speeds 
under the control of controller 30. This assembly has the 
advantages of easy removal for cleaning or replacement of 
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10 
both the enclosure-collector 20 and blades 22d as well as for 
replacement with a rotary element 14 that is differently 
designed, which may be desirable when the nature of the 
aeroSol to be analyzed is changed. The rotary element 
assembly 14d can be made to be disposable rather than to be 
cleaned. 

FIG. 1E illustrates a cut device 12e having a rotating 
element 14e having a rotating enclosure 20a that Serves as 
a collector similar to the that of FIG. 1D, with the additional 
feature that the entire rotating element 14e, which includes 
blades 22e and the enclosure 20a which contains all of the 
Surfaces on which the extracted particles deposit, is remove 
able as a unit for replacement or cleaning. The enclosure 
collector 20a, which rotates at the same Speed as the rest of 
the rotating element 14e, is sealed to the housing 18e of the 
cut device 14e through seals or other sealing members 49. 
Further, the coupling to the motor can be by Screws or other 
mechanical fasteners (not shown), by magnetic attachment, 
or in Some other way that leaves the rotating element 
assembly 14e easily disconnectable from housing 18e so that 
the entire assembly of the rotating element 14e can be 
removed for cleaning or replacement. When removed, if the 
collecting Surfaces are to be cleaned, the cleaning can be 
carried out by removal of the Sticky Surface material or by 
immersion of the rotating element assembly 14e in Solvents 
or cleaning liquids. The element assembly 14e can also be 
cleaned along with other passages of the apparatus 10 by 
blowing higher than normal air through the cut device 12. 
Where a flow restriction valve 45 is provided, such a valve 
should be fully opened and the pump 40 operated at high 
Volume. Alternatively, an external high Volume pump may 
be applied to circulate the cleaning air through the apparatus 
10. 

In certain preferred embodiments of the invention, aeroSol 
Sensing is performed by Sensor 16 by aerosol photometry. 
An aeroSol photometer measures the amount of light Scat 
tered from a cloud of particles. The light Scattering Signal 
resulting from light illumination of a particle cloud depends 
primarily on the optical properties and the size of each 
particle in the view volume of the aerosol photometer. Thus, 
a Standard aeroSol photometer does not give an output signal 
relative to particle size. When an-aerosol photometer is used 
for the aeroSol Sensor, the aerodynamic cut device 12 
effectively turns the aerosol photometer into an aerosol size 
Spectrometer, as the cut is varied and a Series of measure 
ments are taken. The aeroSol photometer output is related to 
aerodynamic particle size while the aerodynamic cut device 
12 continuously or intermittently increases its rotational 
Speed Such that each rotational Speed corresponds to a 
Specific aerodynamic cut size. The aerodynamic particle size 
of this aerodynamic cut decreases as the rotational Speed of 
the rotating element 14 increases. In order to achieve a wide 
range of particle cut sizes, Several cut devices 12 of the same 
or different types or operating characteristics can be con 
nected in parallel or in Series. 

Typical output signals from an aerosol photometer, when 
used with the aerodynamic cut device 12 are shown in FIG. 
5. At the beginning of a measurement cycle, the rotating 
element 14 in the aerodynamic cut device 12 is non-rotating. 
Thus, it is rotating at Zero revolutions per minute, i.e., RPM 
=0. This value is shown as RPM on the abscissa of FIG. 5 
and results in a light Scattering Signal from the entire particle 
cloud, exemplified as voltage V on the ordinate of FIG. 5. 
The illustration of FIG. 5 is for intermittent increases in 
RPM of rotating element 14. When the rotating element 14 
is set to RPM >0, the photometer voltage is reduced to V, 
if particles larger than the aerodynamic cut Size at RPM, are 
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present in the aerosol cloud entering the aerodynamic cut 
device 12. Thus, most of the remaining aerosol particles are 
less than aerodynamic particle diameter d in size, as shown 
on the second abscissa in FIG. 5. The relationship between 
RPM and aerodynamic particle diameter d can be estab 
lished theoretically, or experimentally by calibration with 
Spherical test particles of known particle density, Such as 
polystyrene latex (PSL) Spheres. Subsequent increases in 
RPM decrease the aerodynamic cut Size and correspond 
ingly the photometer Signal, if particles are removed by the 
aerodynamic cut device 12. The Voltage Signals from an 
aeroSol mass Sensor or other aeroSol Sensor responding to a 
property of the aerosol particles, Such as fluorescence or 
radioactivity, are related to aerodynamic cut in a similar way. 
One of the ways in which the decrease in photometer 

output voltage in a Specific aerodynamic particle size range 
can be related to the particle count or particle mass in that 
aerodynamic particle size range is as follows. While main 
taining a constant aerosol flow rate upstream of inlet 11 to 
the aerodynamic cut device 12, the aerosol particles that are 
not removed by the aerodynamic cut device 12 are collected 
on a filter. Conventional aerosol photometers generally 
allow insertion of a filter downstream of a photometric 
Sensor. The difference in particle count or particle mass on 
the filters is then attributed to the difference in photometer 
Voltage Signal for the corresponding aerodynamic particle 
Size range. Thus, the output signals of the aerosol photom 
eter are calibrated relative to the rotational Speed of the 
rotating element 14 of the cut device 12. This results in 
indications of the aerosol concentration C as a function of 
equivalent aerodynamic particle diameter d, as shown in 
FIG. 5. FIG. 5 exemplifies the aerosol concentration in lug 
(micrograms) of particle mass per m (cubic meter) of air or 
aerosol volume sampled. AeroSol photometer signal Vo 
corresponds to aeroSol concentration Co., V to C, V to C, 
etc., as shown on the two ordinates in FIG. 5. The difference 
in aerosol concentration AC for a specific aerodynamic 
particle Size range is also shown in FIG. 5. For instance, 
AC is the aerosol concentration in the aerodynamic par 
ticle size range between aerodynamic particle diameter da 
and aerodynamic particle diameter d. The aerosol concen 
tration C in Specific aerodynamic particle size ranges can 
then be plotted as a function of aerodynamic particle diam 
eter d, as shown in FIG. 6. FIG. 6 is a typical output signal 
from an aerosol photometer when the invented method turns 
the aerosol photometer into an aerosol size spectrometer. A 
Similar output results from the use of an aeroSol mass Sensor 
or another aeroSol Sensor responding to an aerosol property. 

Another method that can be used for optical Sensing is 
optical Single particle size Spectrometry. In an optical Single 
particle counter, the optical view Volume is very Small So 
that ideally only one particle at a time passes through the 
illuminated Volume, resulting in a pulse of Scattered light 
that is recorded by a Sensor. The Strength of each Signal 
depends on the optical characteristics and the size of the 
particle passing through the View Volume. An optical Single 
particle counter is typically particle-size calibrated with 
Spherical test particles of known optical characteristics, Such 
as PSL spheres. The particle size distribution is then 
recorded as a function of “optical particle diameter'. 
When an optical Single particle counter is used as the 

aerosol sensor 16 as part of the method described in this 
invention, the optical Single particle counter is first operated 
while the rotating element 14 in the aerodynamic cut device 
12 is not rotating. At that time, the optical Single particle 
counter records the aerosol concentration in Specific "optical 
particle diameter ranges. Since the amount of light Scat 
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12 
tered or absorbed by a particle depends on its optical 
characteristics, the “optical particle diameter generally 
does not correspond to the “aerodynamic particle diameter'. 
The calibration relative to aerodynamic particle size is 
performed in this invention while a constant aerosol particle 
Size distribution is maintained, and the aerodynamic cut 
device continuously or intermittently increases its rotational 
Speed. Each rotational Speed corresponds to a Specific aero 
dynamic cut size. The aerodynamic particle size of this 
aerodynamic cut decreases as the Speed increases. Thus, the 
optical particle Size is related to its equivalent aerodynamic 
particle size for the aerosol being measured. Once an optical 
Single particle counter is calibrated relative to aerodynamic 
particle size for a specific aeroSol environment, the aerody 
namic cut device can be removed and the optical Single 
particle counter can be operated alone as long as the material 
characteristics of the aerosol particles do not change Sub 
Stantially. 

In this invention, the method for calibrating the optical 
Single particle counter with respect to aerodynamic particle 
size is illustrated in FIGS. 7A-7C. At the beginning of the 
calibration cycle, the optical Single particle counter records 
the aerosol concentration as a function of the optical particle 
diameter d, while the rotating element 14 in the aerody 
namic cut device 12 is not rotating. FIG. 7A illustrates a 
typical particle size distribution measured at RPM =0. The 
curve in FIG. 7A is fitted to the aerosol concentration data 
in Specific optical particle Size channels. The aeroSol con 
centration is exemplified as the number of aerosol particles 
per m of air volume sampled. 
When the rotating element 14 in aerodynamic cut device 

12 is rotated at RPM >0, the particles larger than the 
aerodynamic cut size corresponding to RPM are removed 
by the aerodynamic cut device, and the particle size distri 
bution is truncated, as illustrated in FIG. 7B. The optical 
particle diameter at which the truncated part of the particle 
size distribution is half of its original value can be defined 
as the aerodynamic cut diameter d corresponding to 
RPM. Other parts of the truncated curve may also be used 
to define the aerodynamic cut. AS the rotational Speed of the 
rotating element 14 is further increased to RPM, the particle 
Size distribution curve may be truncated further, as shown in 
FIG 7C. 

The relationship between the optical particle diameter d, 
at which the aerodynamic cut device 12 removes essentially 
all particles above a specific aerodynamic particle diameter 
d is exemplified in FIG.8. The calibration curve for the data 
in FIG. 8 is then entered into the memory of the optical 
single particle counter or the controller 30. Subsequent 
measurements of the aerodynamic particle Size distribution 
are then made while the rotating element 14 in the aerody 
namic cut device 12 is non-rotating, or the entire aerody 
namic cut device 12 is removed from the inlet of the optical 
Single particle counter. Renewed calibration is performed to 
confirm the validity of the previous one, or when the optical 
characteristics of the aeroSol particles being Sampled are 
considered to have changed significantly. 

There are certain aspects of a calibration procedure that 
are preferably applied to all of the aeroSol Sensors 16 useful 
with the preferred embodiments of the present invention. 
This is true whether the Sensor is an aerosol photometer 
which gives a light Scattering Signal from a light shown onto 
an, aeroSol cloud passing through the Sensor 16, whether it 
is a mass Sensor, for example, that gives a Voltage or other 
electronic Signal relative to the amount of mass collected on 
a Surface, or whether it is any other Sensor that gives a 
response to a property (e.g. magnetism, radioactivity, 
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fluorescence, number of particles, etc.) that changes in the 
aeroSol Sensor in response to the particle cut size determined 
by the setting of the cut device 12. 

The calibration procedure should include the (1) dispers 
ing into the apparatus 10 test aerosols of uniform concen 
tration made up of, for example, Spherical polystyrene lateX 
(PSL) particles of known particle size and particle density, 
then calculating for each particle diameter d, and particle 
density p, the aerodynamic particle diameter d, as d=d 
(p)'. Then, (2) while the rotary element 14 is stationary 
and the flow through the device is at some controlled flow 
rate Qo, recording the Signal given by the aeroSol Sensor. 
This signal corresponds to the case where all the particles 
reach the aeroSol Sensor, without any being removed by the 
operation of the cut device 12. This is the reference Signal to 
which all subsequent signals for specific RPM's and Q’s are 
related. Then, (3) with the rotary element 14 rotated to a first 
of a Sequence of rotational Speeds and with the flow rate 
maintained at the controlled flow rate of Qo, recording the 
Signal from the aeroSol Sensor again. Then, the flow is 
restricted to a lower flow rate Q, by adjustment of the pump 
40 or flow restriction valve 45, so that the aerosol particles 
have longer residence time in the preclassifier, resulting in 
more particle removal, recording the Signal from the aeroSol 
sensor again. Then, (4) while keeping the RPM of the rotary 
element constant, increasing the flow restriction to a still 
lower flow rate of Q, and recording the Sensor output signal. 
Then, the RPM of the rotary element 14 should be sequen 
tially increased, and with each increase in RPM, steps (2) 
through (4) should be repeated. 

The preferred calibration procedure results in calibration 
curves that are exemplified in FIG. 9 for each specific 
aerodynamic particle size. This is plotted as a ratio of aerosol 
Signal measurements at various Q, and RPM, to the Signal at 
RPM and Qo. The aerodynamic particle cut size do is 
defined as the aerodynamic particle size at which 50% of the 
particles, as recorded at RPM and Qo, are removed. The 
desired particle cuts are affected by changing the RPM or Q 
or both. In FIG. 9, the calibration aerosol particles dis 
through dis yield aerodynamic cut size information for 
operation of the rotating element 14 at RPM. 
Correspondingly, in FIG. 9, the calibration aerosol particles 
d through da yield aerodynamic cut size information for 
operation of the rotating element 14 at RPM >RPM. 
An alternative calibration procedure is to use a calibrated 

aerodynamic particle size spectrometer that is calibrated by 
a similar procedure as shown above and relating the 
recorded aeroSol Sensor output signals to the aerodynamic 
particle sizes of the reference aerodynamic particle size 
Spectrometer. This procedure is Somewhat faster to perform. 

With the present invention, higher aeroSol concentrations 
can be measured than with the more complex and expensive 
“time of flight' method. In the “time of flight' method, the 
aerodynamic particle Size distribution is determined in Situ 
by accelerating the aeroSol particles in a nozzle and then 
measuring the “time of flight” of each particle between two 
points. In a nozzle or other acceleration field, aerodynamic 
drag accelerates large particles to a lesser eXtent than Small 
particles. Thus, in an acceleration field, the time of flight 
between two points is longer for large particles than for 
small particles. The difference is caused by the difference in 
aerodynamic drag. Thus, the “time of flight' method deter 
mines the particle size distribution relative to aerodynamic 
particle size. Since the time of flight in these devices is 
usually longer than the Single light Scattering pulse in an 
optical Single particle counter, the Single particle counter can 
generally be operated at higher aerosol concentrations. 
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When aerosol photometry, aerosol mass Sensing or any 

other method of recording an aerosol property is used for the 
aeroSol Sensing, the aerosol flow rate can be much higher 
than in the “time of flight' method. Thus, a much larger 
Volume of air can be analyzed as to its aerodynamic particle 
concentration in Specific aerodynamic size ranges. 

Those skilled in the art will appreciate that the applica 
tions of the present invention described herein are varied, 
and that the invention is described in preferred embodi 
ments. Accordingly, additions and modifications can be 
made without departing from the principles of the invention. 
Accordingly, the following is claimed. 
What is claimed is: 
1. A method for determining the concentrations, in an 

aeroSol that includes air and airborne particles, of the 
airborne particles as a function of their aerodynamic particle 
sizes. the method comprising the Steps of: 

flowing aerosol into an aerodynamic cut device having a 
rotating element that at Successively higher rotational 
Speeds makes aerodynamic cuts at Successively Smaller 
aerodynamic particle sizes by centrifugally removing 
particles larger than the respective aerodynamic cut; 

flowing particles Smaller than the aerodynamic cut Size 
into an optical Sensor; and 

with Said optical Sensor, recording aeroSol concentrations 
as a function of the aerodynamic particle sizes deter 
mined by Said aerodynamic cut device. 

2. The method of claim 1 wherein the flowing of the 
aeroSol into the aerodynamic cut device includes flowing the 
aeroSol into all aerodynamic cut device having a rotary 
element Selected from a group consisting essentially of one 
or more disc or propeller blades mounted on a Shaft, or an 
impeller with radial, forward-curved or backward-curved 
blades. 

3. The method of claim 1 wherein the optical sensor has 
an inlet and the method further comprises rotating the rotary 
element about an axis of Said rotating element that is either 
parallel or perpendicular to the inlet to Said optical Sensor. 

4. The method of claim 1 further comprising increasing 
the rotational Speed of Said rotating element from Zero to a 
high number of revolutions per minute. 

5. The method of claim 4 wherein the increasing of the 
rotational Speed of Said rotating element gives aerodynamic 
cuts at the Successively Smaller aerodynamic particle sizes. 

6. The method of claim 1 further comprising removing 
particles larger than Said aerodynamic cut size to the inner 
wall of Said aerodynamic cut device. 

7. The method of claim 6 further comprising retaining 
removed particles with a Sticky Substance on Said inner wall 
or on a removable insert attached to the Surface facing Said 
rotating element. 

8. The method of claim 1 further comprising providing a 
flow Splitter attached to an exit opening of Said aerodynamic 
cut device So that Said optical Sensor Samples all or a fraction 
of the aerosol flow exiting from Said aerodynamic cut 
device. 

9. The method of claim 1 further comprising measuring 
the aerosol by aerosol photometry or by optical Single 
particle size Spectrometry. 

10. The method of claim 9 further comprising utilizing an 
aeroSol photometer to record light Scattering Signals emitted 
by the aerosol particles as the particles exit from Said 
aerodynamic cut device while Said rotating element is con 
tinuously or intermittently changing its Speed of rotation. 

11. The method of claim 10 wherein differences in said 
light Scattering Signals from Said aeroSol photometer are 
related to the particle count, Surface, Volume or mass in the 
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aeroSol Size range corresponding to the Speed of rotation of 
Said rotating element in Said aerodynamic cut device. 

12. The method of claim 9 further comprising utilizing an 
optical Single particle counter to record the particle size 
distribution as a function of aerodynamic particle size by 
relating the aerodynamic cuts obtained through operation of 
Said aerodynamic cut device to the optical sizes of the 
optical Single particle counter. 

13. An apparatus for determining the concentration of 
airborne particles in an aerosol as a function of aerodynamic 
particle size comprising: 

a variable Setting aerodynamic cut device having an inlet 
and an outlet and that is operative to remove from the 
aeroSol particles larger than an aerodynamic particle 
cut size, 

an aeroSol Sensor connected to the outlet of the cut device 
to receive from the aerodynamic cut device aeroSol 
from which larger particles have been removed, the 
Sensor being operative to measure concentrations of 
airborne particles in the aerosol received from the cut 
device; and 

a controller operative to vary the Setting of the aerody 
namic cut device through Successively different rota 
tional Speeds. and, at each Successively different speed, 
recording the measured concentration as a function of 
the aerodynamic particle size at which the aerodynamic 
cut is made. 

14. The apparatus of claim 13 wherein: 
the controller is operative to vary the Setting of the 

aerodynamic cut device through Successively increas 
ing rotational Speeds to make Successive cuts at Suc 
cessively Smaller particle sizes. 

15. The apparatus of claim 14 wherein the controller is 
operative to vary the Setting of the aerodynamic cut device 
from Zero to a high rotational Speed. 

16. The apparatus of claim 13 further comprising: 
a flow control device connected in Series with the aero 
dynamic cut device to maintain the flow rate of aeroSol 
into the cut device Substantially constant. 

17. The apparatus of claim 16 wherein: 
the flow control device includes a pump arranged to force 

a flow of aerosol through the aerodynamic cut device So 
as to maintain a Substantially constant flow rate. 

18. The apparatus of claim 16 wherein: 
the flow control device includes a flow restrictor operative 

to restrict the flow of aerosol through the aerodynamic 
cut device to a Substantially constant flow rate. 

19. The apparatus of claim 13 wherein: 
the cut device includes a rotary element having at least 

one blade mounted on a shaft. 
20. The apparatus of claim 13 wherein: 
the cut device includes an inner wall coated with a Sticky 

Substance for retaining particles from the aeroSol. 
21. The apparatus of claim 13 further comprising: 
a flow splitter connected to the outlet of the cut device and 

operable to control the fraction of the aerosol from the 
cut device to the aeroSol Sensor. 

22. The apparatus of claim 13 wherein: 
the aeroSol Sensor includes an optical Single particle Size 

Spectrometer. 
23. The apparatus of claim 13 wherein: 
the aeroSol Sensor includes an aerosol photometer or 

aeroSol mass Sensor. 
24. The apparatus of claim 13 wherein: 
the aeroSol Sensor includes an optical Single particle Size 

Spectrometer; and 
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16 
the controller is operative to record the particle Size 

distribution as a function of aerodynamic particle size 
by relating the aerodynamic cuts obtained through 
operation of the aerodynamic cut device to the optical 
Sizes of the optical Single particle counter. 

25. A method for determining the concentration of air 
borne particles as a function of aerodynamic particle size, 
the method comprising: 

(a) inputting aerosol that includes air and airborne par 
ticles into an aerodynamic cut device while rotating a 
rotary element; 

(b) making with the aerodynamic cut device an aerody 
namic cut at an aerodynamic particle size that varies 
inversely with the rotational speed of the element by 
centrifugally Separating into classes particles larger 
than the aerodynamic particle Size at which the cut is 
made and particles Smaller than the aerodynamic par 
ticle Size at which the cut is made; 

(c) flowing, from the aerodynamic cut device to an aerosol 
Sensor. aerosol containing air and the airborne particles 
in one of the classes; 

(d) measuring with the aerosol Sensor the concentration of 
airborne particles in the flowing aerosol, and 

(e) recording the measured concentration as a function of 
the aerodynamic particle size at which the aerodynamic 
cut is made. 

26. The method of claim 25 further comprising: 
rotating the rotary element at a plurality of different 

rotational speeds and performing (a) through (e) at each 
rotational Speed of the plurality. 

27. The method of claim 26 further comprising: 
the rotating of the rotary element at the plurality of 

different rotational speeds includes Successively 
increasing the rotational Speed of the rotary element to 
make Successive cuts at Successively Smaller particle 
Sizes. 

28. The method of claim 27 wherein the rotational speed 
of the rotating element is continuously or intermittently 
increased from Zero to a high rotational Speed. 

29. The method of claim 26 further comprising: 
providing a flow control device connected in Series with 

the dynamic cut device to maintain the flow rate of 
aerosol through the device Substantially constant. 

30. The method of claim 29 wherein: 
the providing of a flow control device includes providing 

a pump and the inputting of the aerosol includes forcing 
a flow of aerosol through the aerodynamic cut device to 
maintain a Substantially constant flow rate. 

31. The method of claim 29 wherein: 
the providing of a flow control device includes providing 

a flow restrictor and the inputting of the aerosol 
includes restricting the flow of aeroSol through the 
aerodynamic cut device to a Substantially constant flow 
rate. 

32. The method of claim 25 wherein: 
the making of the aerodynamic cut includes making the 

aerodynamic cut by centrifugally removing particles 
larger than the aerodynamic particle size at which the 
cut is made from aerosol that contains particles Smaller 
than the aerodynamic particle Size at which the cut is 
made; and 

the flowing of aerosol containing air and airborne par 
ticles includes the flowing from the aerodynamic cut 
device to an aeroSol Sensor of aeroSol that contains the 
particles Smaller than the aerodynamic particle size at 
which the cut is made. 
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33. The method of claim 32 wherein: 

the measuring includes measuring with the aeroSol Sensor 
the total concentration of airborne particles in the 
flowing aerosol, and 

the method further comprises: 
rotating the rotary element at a plurality of different 

rotational speeds and performing (a) through (e) at 
each rotational Speed of the plurality, and 

calculating from the total concentrations measured at 
the different rotational Speeds the concentration of 
each aerodynamic particle size at which the aerody 
namic cut is made. 

34. The method of claim 32 further comprising: 
rotating the rotary element at a plurality of different 

rotational speeds and performing (a) through (e) at each 
rotational Speed of the plurality. 

35. The method of claim 34 further comprising: 
the rotating of the rotary element at the plurality of 

different rotational Speeds includes Successively 
increasing the rotational Speed of the rotary element to 
make Successive cuts at Successively Smaller particle 
Sizes. 

36. The method of claim 35 wherein the rotational speed 
of the rotating element is continuously or intermittently 
increased from Zero to a high rotational Speed. 

37. The method of claim 32 further comprising: 
using a flow control device connected in Series with the 

dynamic cut device to maintain the flow rate of aeroSol 
through the device Substantially constant. 

1O 
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38. A method for determining the concentration of air 

borne particles as a function of aerodynamic particle sizes, 
the method comprising: 

(a) inputting aerosol that includes air and airborne par 
ticles into an aerodynamic cut device that is operative 
to make an aerodynamic cut, by rotating a rotary 
element, at a Selected aerodynamic particle size; 

(b) making with the aerodynamic cut device an aerody 
namic cut at the Selected aerodynamic particle Size to 
Separate into classes particles larger than the Selected 
aerodynamic particle size and particles Smaller than the 
Selected aerodynamic particle size; to 

(c) flowing, from the aerodynamic cut device to an aerosol 
Sensor, aerosol containing air and the airborne particles 
in one of the classes; 

(d) measuring with the aerosol sensor the total concen 
tration in the flowing aerosol of airborne particles in the 
one of the classes, and 

(e) changing rotational speed of the rotary element and 
thereby varying the aerodynamic cut in accordance 
with different Selected aerodynamic particle sizes and 
repeating (a) through (d) for each varied cut; and 

(f) deriving and recording from the measured total con 
centrations a concentration of particles in the input 
aerosol for each Selected dynamic particle size. 
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