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Abstract—A numerical method was developed to simulate the compressible flow field and particle
trajectory in an API AerosizerTM. Experimental particle time-of-flights (s

TOF
) data using mono-

disperse solid and liquid particles were also obtained. Theoretical particle q
TOF

results were
compared with the present experimental data and those of Cheng et al. (1993, J. Aerosol Sci. 26,
501—514). Good agreement was found for solid particles. The original q

TOF
calibration for the API

AerosizerTM was found to underestimate measured q
TOF

mainly because of the assumption of
one-dimensional flow in the nozzle, and incorrect use of the particle drag coefficient in the
supersonic flow field. Effects of decreasing ambient pressure and increasing particle density on
increasing q

TOF
were found to be important. ( 1998 Elsevier Science Ltd. All rights reserved

INTRODUCTION

The TSI Aerodynamic Particle SizerTM (APS 33B, TSI Incorp., St Paul, MN, U.S.A.) and
API Aerodynamic AerosizerTM (Amherst Process Instruments Incorp., Amherst, MA,
U.S.A) are the two most widely used time-of-flight aerosol spectrometers which measure
particle aerodynamic diameter (d

!%
) of the airborne particles. These two instruments differ in

the operating flow regime and the applicable range of particle sizes. The TSI APSTM

operates essentially in the subsonic flow regime, while the API AerosizerTM operates under
the choked flow condition at the nozzle and the air flow becomes supersonic as it continues
to expand in the downstream low-pressure chamber. The aerodynamic size range of the TSI
APSTM is from 0.48 to 30 km while the API AerosizerTM claims to measure the particle sizes
from 0.5 to 200 km, if the nozzle diameter is 750 km. Recently, a review of the working
principle, previous studies and current problems of these two instruments has been pub-
lished by Baron et al. (1993).

Extensive experimental and theoretical results have been documented in the open
literature for the TSI APSTM. Several previous researchers have discussed calibration and
non-Stokesian correction of the instrument (Chen et al., 1985; Baron, 1986; Wang and John,
1987, 1989; Ananth and Wilson, 1988; Chen et al., 1990; Cheng et al., 1990; Lee et al., 1990;
Rader et al., 1990; Brockmann and Rader, 1990; Heitbrink et al., 1991; Marshall et al., 1991).
Particle density, dynamic shape factor, particle coincidence, gas viscosity, gas density and
ambient conditions have been shown to be the main factors that influence the accuracy of
the measured aerodynamic diameter. Effects of these factors can be properly corrected
based on the theoretical and experimental study of the particle qTOF response of the
instrument. Other researchers have discussed the effect of liquid droplet deformation on
sizing accuracy (Griffiths et al., 1986; Baron, 1986; Chen et al., 1990). High acceleration in
the APSTM nozzle distorts the spherical droplets into an oblate spheroidal shape with the
maximum cross section perpendicular to the direction of motion. As a result, the liquid
droplets experience higher acceleration and appear smaller than the expected aerodynamic
diameter.
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In addition to the problems related to sizing accuracy, large particles were found to be
depleted from the sampled aerosol by super-isokinetic sampling at the entrance of the inlet,
and inertial impaction on the inner nozzle of the TSI APSTM (Kinney and Pui, 1995). These
problems are expected to exist in the API AerosizerTM too.

In contrast, studies of the performance of the API AerosizerTM have rarely been published
in the literature. The design of this instrument is based on the aerosol beam research of
Dahneke (1973), Dahneke and Padliya (1977), Cheng and Dahneke (1979), and Dahneke
and Cheng (1979). To describe the compressible flow near the centerline of a nozzle—jet
system, Dahneke and Cheng (1979) assumed frictionless, isentropic flow in the converging
nozzle, and a fitting formula, originally developed by Ashkenas and Sherman (1966), for the
transonic and supersonic flow at the axis of the free jet. Based on the flow field, simulated
results of narrow angle aerosol beam diameter were shown to agree well with the experi-
mental data. For the API AerosizerTM, the original calibration curve of particle qTOF versus
particle diameter was calculated based on the flow field obtained from the above method.
Particle trajectory and particle qTOF were then calculated from the particle equation of
motion involving the use of the ultra-Stokesian drag coefficient C

$
defined as follows

(Dahneke and Cheng, 1979):

C
$
"

24
Re

1
(1#0.106Re0.856

1
). (1a)

The second term in the above equation is a correction factor for the Stokes law when the
particle Reynolds number, Re

1
, is greater than 0.1. Re

1
is calculated based on the relative

velocity of the particle with respect to the gas flow. The above equation is applicable only
when Re

1
is less than 50 and the flow is incompressible. Another expression for C

$
,

proposed by Rader and Marple (1985), is
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Cheng et al. (1993) have evaluated the performance of two API AerosizerTMs by using
spherical uniform-sized polystyrene latex (PSL), glass bead particles (d

!%
, 1—150 km), as well

as non-spherical natrojarosite particles (d
!%

, 4—18 km). It was found that the AerosizerTM
overestimated the particle sizes by as much as 25% at an reduced ambient pressure of
625 mmHg. On the other hand, the AerosizerTM underestimated the sizes of non-spherical
natrojarosite particles by as much as 50%.

In order to better understand the performance of the API AerosizerTM, we have developed
a numerical method to simulate the two-dimensional compressible flow field in the nozzle
and free jet regions of the API AerosizerTM. Particle trajectory and qTOF between the two
laser beams have been calculated based on the simulated flow field and particle equation of
motion using a proper expression for the particle drag coefficient in the compressible flow
regime. In the experiment, monodisperse PSL and ammonium fluorescein particles as well
as liquid oleic acid particles were generated and introduced into the AerosizerTM to obtain
the experimental data on sTOF for different particle diameters. The experimental data thus
obtained as well as those of Cheng et al. (1993) are compared with calculated results. Effects
of ambient conditions on qTOF are also investigated numerically.

NUMERICAL

Governing equations for flow field

It is assumed that the air flow in the AerosizerTM is inviscid and compressible. Two-
dimensional Euler equations for the axisymmetric coordinate system can be written in
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Fig. 1. A schematic diagram of the polygonal elements and dual cell. (C
i
, dual cell; »

i
and »

j
,

vertices; » @
i
and » @

j
, ghost nodes).

non-dimensional form as

Lº
Lt

#
LE
Lz

#
LG
Lr

#H"0, (2)

where

º"C
o

ou

ov

e D , E"C
ou

ou2#P

ouv

(e#P)uD , G"C
ov

ouv

ov2#P

(e#P)vD , H"

1

r C
ov

ouv

ov2

(e#P)vD (3)

The unknown variables o, u, v and e represent the gas density, velocity components in
z (axial) and r (radial) directions and total energy per unit volume, respectively. The working
fluid (air) is assumed to be perfect, and the pressure P is defined by

P"(c!1) Ce!
o
2 Au2#v2BD , (4)

where the ratio of specific heat c, is typically taken as 1.4.

Numerical algorithm for flow field

By integrating equation (2) over space and applying Gaussian theorem, the following
integral form is obtained:

L
Lt PP)

º dA#PL)
(Ei#G j ) ) n dl#PP)

HdA"0, (5)

where n is the outward unit normal vector. The variable ) is the domain of computation,
and L) is the boundary of the corresponding domain. The cell-vertex scheme is used in this
study wherein the flow variables, such as »

i
and »

j
shown in Fig. 1, are stored at the vertices

of a polygonal element. By connecting the centroid of each element to the midpoints of its
sides, the elements are broken into sub-elements and a dual mesh is formed. As shown in
Fig. 1, a dual mesh cell, C

i
, is defined by the collection of sub-elements that share the same

vertex »
i
, and the boundary of the cell is denoted by LC

i
. Assuming that the flow variables

at the vertex »
i
have an average value of the integrated variables in C

i
, equation (5) can be

written as

AREA(C
i
) A
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#HB"!PLC
i
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where AREA(C
i
) is the area of the cell C

i
, and F(n) is the flux oriented along the outward

unit normal n (i.e. F (n)"(n
z
E#n

r
G)). To achieve time integration of the left-hand side of

equation (6), a fourth-order Runge—Kutta scheme with non-standard weighting, local time
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steps and residual smoothing have been introduced (Whitaker et al., 1980). In the current
cell-vertex formulation, the right-hand side of equation (6) is evaluated as

PLC
i

F (n) dl" +
j"¸(»

i
)

F
i,j

*l
i,j

, (7)

where ¸ (»
i
) is the list of vertices surrounding »

i
and the subscript j denotes the vertices

contained in ¸ (»
i
). F

i,j
represents the numerical approximation for the oriented flux across

the dual cell edge with the boundary length Dl
i,j

(see Fig. 1).
In order to implement the upwind approach, Roe’s (1981) flux difference splitting is

employed. The flux at the cell interface, F
i,j

can be expressed as a function of two fluid
dynamic states (ºL and ºR) as
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where DA D is a positive-definite matrix formed from the flux Jacobian LF/Lº (Roe, 1981) and
the superscripts R and L indicate the right and left fluid states, respectively. To achieve
a higher-order upwind scheme, the left and right Riemann states ºL and ºR are obtained by
following a preprocessing approach. In the present work, MUSCL differencing (Anderson
et al., 1986) is utilized to interpolate the properties at the cell interface using the variables
stored at the cell vertices. In the interpolation procedure, both central and upstream
differences are required. The ghost nodes, »@

i
and »@

j
(see Fig. 1), which are located

equidistantly along the line connecting are introduced.
To prevent numerical oscillations near the high gradient regions, the minimum-modulus

(MINMOD) limiter function (Anderson et al., 1986) is employed. By combining the
characteristic variables with the limiter function, the MUSCL differencing formulae can be
written as
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The parameter i, which controls the spatial accuracy, is taken to be 1/3, and the compres-
sion factor b not greater than (3!i)/(1!i).

Boundary conditions for flow field

The flow tangency at the wall is specified and the pressure is estimated by using z- and
r-momentum equations as follows:

o (r
n
u!zgv) (rmum!zmvm)"(z2m#r2m )Pg!(zmzg#rmrg )Pg , (11)

where m and g represent the body-fitted coordinate lines, m being tangent to while g being
normal to the solid wall. In the inlet/outlet planes, where flow conditions are specified,
one-dimensional characteristic analysis based on Riemann invariants are used.

Figure 2 shows the grids and computation domain for the numerical study. Totally, there
are 16,311 nodes and 16,000 cells. The number of cells is chosen based on the accuracy of
computation and attainment of convergence. Regions I and III in Fig. 2 are the nozzle and
free jet regions, respectively, each consisting of 5000 cells. Regions II and IV are in the
vacuum chamber excluding the free jet region. Each cell is a polygon of four sides. Near the
tip of the nozzle region and the boundary of the free jet region, the cells are more closely
packed than the other regions for better accuracy. The tip of the nozzle is 750 km in
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Fig. 2. Grids used in the computation domain. Boundary 1 on the left lies where the aerosol and
sheath air flows enter the nozzle; z"0.0 m corresponds to tip of the nozzle, z"0.001 and 0.002 m

correspond to the first and second laser beams.

diameter and the first and second laser beams are located 1 and 2 mm downstream of the
nozzle, where the chamber pressure is 0.03 atm.

There are eight boundaries from 1 to 8 as shown in Fig. 2. Boundary 1 is the inlet of the
nozzle where the sheath air and aerosol flow mixes. The values for flow velocity, ambient
pressure and temperature are set at boundary 1. Boundaries 2, 4, 5 and 6 have zero vertical
pressure gradient and zero vertical velocity component. Pressures at boundaries 3, 7 and
8 are set at 0.03 atm. In addition, the vertical pressure gradient at boundaries 7 and 8 are set
to be zero.

According to the compressible flow theory, if the downstream pressure is less than 0.528
times the upstream pressure of the nozzle, the flow is choked. Under choked flow condition,
it can be shown that the volumetric flow rate Q is independent of the ambient pressure but
depends on ambient temperature ¹ and nozzle diameter d

/
as

Q"

n
4

d2A
2

c#1B
1@(c~1)

S
2cR¹

c#1
, (12)

where R is the universal gas constant. The flow rate Q is calculated to be 5.3 lmin~1 at
¹"20°C, which is very close to the measured value of 5.2 lmin~1, as determined by
a bubble flow meter, for the AerosizerTM in this study. The individual flow rates of sheath air
and aerosol were measured separately and found to be 2.0 and 3.2 l min~1 respectively,
which constituted the total flow rate of 5.2 min~1. The flow velocities are calculated to be
17 and 0.3 m s~1 for the aerosol and sheath air flow, respectively. These velocities were used
as inputs at boundary 1.

Calculation of particle trajectory and q
TOF

Particle trajectory and q
TOF

are calculated along the z-axis of the AerosizerTM. The
particle equation of motion can be written as

d2z

dt2
"C

d

Re

24

(u!dz/dt)

q
, (13)
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Fig. 3. Comparison of C
$
Re

1
/24 as obtained by different formulae. Total volumetric flow rate is

5.2 l min~1, ambient temperature and pressure are 20°C and 0.82 atm respectively.

where q is the particle relaxation time defined as q"o
1
d2
1
C/18k (o

1
, particle density; d

1
,

particle diameter; C, slip correction factor; k, air dynamic viscosity). It was found that if
equation (1) is used for calculating the drag coefficient C

$
, the simulated particle q

TOF
would

been much greater than the experimental data. Stated otherwise, the particles would be
undersized.

The following expressions, which were originally developed by Henderson (1976) for
a wide range of flow conditions taking into account the particle Mach number and particle
Reynolds number, were therefore used in this study. In the subsonic flow regime, C

$
is given

as follows:
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In the supersonic regime at Mach numbers equal to or greater than 1.75, the expression for
C

$
is
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In the supersonic regime at Mach number between 1.0 and 1.75, C
$
is the linear interpola-

tion of equations (14) and (15):
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where C
$
(1.0, Re

1
) is the value calculated using Equation (14) and C

$
(1.75, Re

=
) represents

the value calculated using Equation (15) with M
=
"1.75. In the above equations, M is the

particle Mach number based on the relative velocity between the particle and air flow; S is

the molecular speed ratio which is equal to MJc/2, ¹
8

is the temperature of the particle
and ¹ is the air temperature. Subscript R in equations (15) and (16) denotes free stream
conditions.

Figure 3 compares the magnitude of C
$
calculated by Henderson’s formula, (14)—(16), and

those by the Rader and Marple formula (1b) and (1c), assuming the total flow rate of
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Fig. 4. Schematic diagram of the experimental setup.

5.2 lmin~1, ambient temperature of 20°C, ambient pressure of 0.82 atm and particle density
of 2.46 g cm~3. The flow Mach number is 4.37 at the second laser beam of the AerosizerTM.
It is seen that when the particle diameter is greater than about 10 km, the effect of flow
compressibility is to increase C

$
over the value calculated by using the traditional incom-

pressible flow formula. This increase in C
$
becomes very substantial as the particle diameter

becomes much greater than 10 km. In this case, it is expected that particle q
TOF

will be much
smaller when Henderson’s formula is used to calculate C

$
.

While Henderson’s formula may be more accurate for supersonic flow, it predicts
C

$
values that are unreasonably low for small particles. For example, when particle

diameter is less than 10 km, the product of C
$
and Re

1
/24 is less than 1.0, which is the lowest

value that this term can take. In this case, equations (1) should be used instead.

EXPERIMENTAL

Monodisperse, spherical solid PSL, solid ammonium fluorescein and liquid oleic acid
particles were generated in the laboratory to obtain the experimental data for particle
q
TOF

versus particle diameters directly from the AerosizerTM. Liquid suspension containing
PSL (Duke Scientific, Palo Alto, CA, U.S.A.) particles in the size range of 0.9—9.87 km was
generated by a Retec nebulizer (Cavitron Corp., U.S.A.). These particles were dried in
a silica gel diffusion dryer and charge-neutralized by a TSI 3077 bi-polar electrostatic
charge neutralizer before being introduced directly into the AerosizerTM to obtain the
particle q

TOF
data.

Solid ammonium fluorescein particles (size range, 2.89—25.6 km) and liquid oleic acid
particles (size range, 2.47—24.2 km) were generated using an inverted Vibrating Orifice
Monodisperse Aerosol Generator (VOMAG, TSI model 3450, St. Paul, MN, U.S.A.)
(Vanderpool and Rubow, 1988; Tsai and Cheng, 1995). These particles were then dried and
charge-neutralized. Similar to the PSL particles, these particles were introduced vertically
into the AerosizerTM located at the bottom to avoid particle transport loss. The experi-
mental setup is shown in Fig. 4. Particle monodispersity was monitored by a TSI 33B
Aerodynamic Particle Sizer. Liquid oleic acid particles were further collected using
a fluorocarbon (3M FC-722) coated glass slide and observed under a microscope for
obtaining the flattened diameter. The actual diameter was then calculated as a product of
the observed flattened diameter and a flattening coefficient of 1.32 (Liu et al., 1982). The
flattening coefficient was, in turn, checked independently by comparing the observed
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Fig. 5. Contour plot of the air velocity, m s~1: (a) in the whole calculation domain (spacing between
contours D»"10 m s~1); (b) in the converging nozzle (D»"1 m s~1). Total volumetric flow rate is

5.2 l min~1, ambient temperature and pressure are 20°C and 1.0 atm respectively.

diameter under a microscope and the true diameter as calculated theoretically from the
operational parameters of the VOMAG (Berglund and Liu, 1973).

RESULTS AND DISCUSSION

Results of flow simulation

The flow field is plotted as constant velocity contours in Fig. 5a over the entire
calculation domain, and in Fig. 5b, in the area of converging nozzle to show more detailed
information. A still more detailed contour plot near the nozzle tip is shown in Fig. 6a. The
ambient pressure and temperature are 1 atm and 20°C respectively. Similar flow fields were
obtained when the ambient pressure was changed to 0.9, 0.8 or 0.7 atm. It can be seen from
these figures that the air flow accelerates in the converging nozzle until it is choked at the tip
of the nozzle when the Mach number becomes 1.0. Then the air flow expands from the tip of
the nozzle into the low-pressure vacuum chamber. A Mach disk at about z"0.0029 m is
formed downstream of the second laser beam, z"0.002 m.

Figure 5b shows that the aerosol flow velocity is much greater than that of sheath air near
the nozzle inlet. The aerosol flow velocity remains high at about 17 m s~1 until z is near
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Fig. 6. Contour plot near the tip of the nozzle (a) air velocity, m s~1, (b) air pressure, atm, (c) air
temperature, K. Total volumetric flow rate is 5.2 l min~1, ambient temperature and pressure are

20°C and 1.0 atm respectively.

!0.005 m, when it starts to mix with the sheath air and accelerates to sonic speed.
Obtaining this two-dimensional flow field becomes important for very large particles which
may attain high enough velocities near the nozzle tip and, consequently, influence its
q
TOF

across the two laser beams. As will be shown later, the prediction of particle q
TOF

is more accurate for large particles if this two-dimensional flow field is used for the q
TOF

calculation.
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Fig. 7. Comparison of the centerline velocities, as calculated from different models. Total volumet-
ric flow rate is 5.2 l min~1 and the ambient temperature is 20°C. (Note that the two curves of
different pressure conditions for one- and two-dimensions, respectively, nearly overlap with each

other before the Mach disk.)

More detailed contour plots of flow velocity, pressure and temperature near the nozzle
tip are shown in Figs 6a—c. At the nozzle tip, the flow becomes sonic and there is a barrel
shock at the downstream of the jet. The Mach disk appears more clearly at z+0.0029 m
where the centerline air flow velocity drops sharply. This is the case as the ambient pressure
equals to 1.0 atm. Other calculations have shown that the location of the Mach disk, z,
moves closer to the nozzle tip as the ambient pressure reduces below 1.0 atm, such that
z equals to 0.0027, 0.0026 and 0.0024 corresponding to the ambient pressures of 0.9, 0.82
and 0.7 atm, respectively. It is anticipated that further reduction in the ambient pressure will
move the location the Mach disc upstream of the second laser beam, which is clearly
undesirable for the AerosizerTM.

As the air jet expands from the nozzle tip, air pressure and temperature drop sharply to
very low values. The lowest temperature and pressure occur near the front end of the Mach
disc, which are 40 K and 0.01 atm, respectively.

Comparison of the centerline air velocities calculated from the two-dimensional flow (this
study) and one-dimensional flow (Cheng et al., 1993) is shown in Fig. 7. It can be seen that
the velocities are not very different for different ambient pressures as well as different flow
assumptions. The major difference occurs within the converging nozzle where the one-
dimensional flow assumption has to use an average velocity value for both aerosol and air
flows. This results in underestimation of the centerline aerosol flow velocity which conse-
quently overestimates the q

TOF
for large particles. More accurate particle q

TOF
is obtained by

using the two-dimensional flow assumption, as will be shown later.

Comparison of theoretical and experimental q
TOF

Comparison of the theoretical particle q
TOF

with the experimental data of Cheng et al.
(1993) is presented in Fig. 8. The experimental data as well as the predictions were obtained at
the reduced ambient pressure of 0.82 atm. It can be seen that for particles smaller than 10 km
in diameter, both original calibration and the present study predict particle q

TOF
accurately.

However, the original calibration using one dimensional flow assumption and traditional
formula for particle drag coefficient, equation (1), overestimates the experimental q

TOF
when

the particle diameter is greater than 10 km for both PSL and glass beads. The deviation from
the original calibration becomes greater as the particle size increases. In contrast, the present
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Fig. 8. Comparison of the theoretical q
TOF

with experimental data for PSL and glass beads (Cheng
et al., 1993), ambient pressure"0.82 atm, temperature"20°C.

study using two-dimensional flow assumption and correct particle drag coefficient, equations
(14)—(16), predicts particle q

TOF
accurately for both PSL and glass beads, only except for the

glass beads of 146 km, for which the difference between experimental data and theoretical
results is greater than 10%. The reason for this exceptional deviation is not clear yet.

To test whether the two-dimensional flow field predicts the particle q
TOF

more accurately
than the one-dimensional flow field, a separate run using both flow fields and correct
particle drag coefficient shows that one-dimensional flow assumption indeed still substan-
tially overestimates q

TOF
for large particles. This means that, it is important to obtain an

accurate air flow velocity data in the nozzle region to accurately predict the particle q
TOF

.
Comparison of the theoretical q

TOF
with experimental data obtained in this study for PSL

and ammonium fluorescein particles is shown in Figs 9a and b, respectively. The ambient
pressure and temperature are 1.0 atm and 20°C, respectively. It can be seen that within the
size range (diameter of PSL (10 km; diameter of ammonium fluorescein (26 km)
investigated, the current study is able to predict particle q

TOF
accurately for both PSL and

ammonium fluorescein particles. The original calibration again overestimates particle
q
TOF

when the particle diameter is greater than 10 km.
Sizing accuracy of the AerosizerTM for liquid oleic acid particles was also studied. The

aerodynamic diameters as measured by the APSTM and AerosizerTM were compared for this
purpose with the actual aerodynamic diameters, as shown in Fig. 9c. The actual aero-
dynamic diameter was calculated from the operational parameters of the VOMAG. The
aerodynamic diameter obtained from microscopic measurements and corrected by using
the flattening coefficient is also indicated in the figure, which shows good agreement with
the actual aerodynamic diameter. For the TSI APSTM, the current experimental data are
consistent with those of Baron (1986). Underestimation of the actual aerodynamic diameter
is caused by particle deformation in the sensing zone of the instrument. It was found that the
aerodynamic diameter measured by the AerosizerTM is even smaller than that measured by
the APSTM. It is speculated that a greater deformation due to the higher air jet flow velocity
must have occurred in the sensing zone of the AerosizerTM than the APSTM.

Effects of ambient pressure and particle density on q
TOF

The effects of ambient pressure and particle density on particle q
TOF

were studied.
Figure 10 compares the particle q

TOF
s versus a modified Stokes’ number, St, similar to that
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Fig. 9. Comparison of the theoretical q
TOF

with present experimental data, ambient pressure
"1 atm, temperature"20°C: (a) PSL, (b) ammonium fluorescein, (c) oleic acid.

of Cheng et al. (1993) for different densities under different ambient pressures. The ambient
temperature is assumed to be 20°C. The modified St is defined as

St"
qc

g
D (1#1

6
Re2@3

1
)
, (17)

where D is the nozzle diameter and c
'

is the air velocity at the nozzle exit. The flow
conditions at the nozzle exit were used to calculate the particle relaxation time q and
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Fig. 10. Comparison of particle q
TOF

for particles with different densities under different ambient
pressures, ambient temperature"20°C.

particle Reynolds number Re
1
. It can be seen from the figure that both particle density and

inlet pressure have an effect on particle q
TOF

. Lower ambient pressure and greater particle
density result in higher particle q

TOF
. However, the effect of ambient pressure, in the range

0.7—1.0 atm, is not very significant if particle density is fixed. Nevertheless, there is no single
one-to-one correlation between the particle q

TOF
and the modified St, as shown in Cheng

et al. (1993). It is suspected that, in the study by Cheng et al. (1993), the range of particle
densities was not large enough to discern the differences that may exist. In this study, an
attempt to use another form of the modified St, based on the correct particle drag formula,
i.e. equations (14)—(16), to correlate particle q

TOF
was not successful.

CONCLUSIONS

This paper has studied the performance of an API AerosizerTM numerically as well as
experimentally. In the previous studies on the API AerosizerTM, there has been a lack of
agreement between the experimental particle q

TOF
and theoretical predictions. The previous

theoretical predictions were based on the one-dimensional flow field in the nozzle region
and the particle equation of motion which used drag coefficient applicable for incompress-
ible flow regime only. In the present study, a numerical method has been developed to
obtain more accurate and detailed two-dimensional supersonic flow field and particle
trajectory in the API AerosizerTM.

The theoretical particle q
TOF

results from the present experimental data were compared
with those of Cheng et al. (1993). Good agreement was found for solid particles. For
particles larger than 10 km in diameter, the original q

TOF
calibration curve for the API

AerosizerTM was found to overestimate the experimental data mainly because of incorrect
use of the particle drag coefficient in the supersonic flow field and the assumption of
one-dimensional flow field in the nozzle region. For large particles, significant effects of
ambient conditions and particle density on particle q

TOF
were found. However, a single

modified St which produces a one-to-one relationship between particle q
TOF

and St,
regardless of the ambient conditions and particle densities has not yet been found.

Aerodynamic diameter of liquid particles were found to be underestimated more by the
API AerosizerTM than the TSI APSTM. It is speculated that a larger deformation of the liquid
particles occurred in the API AerosizerTM than that in the TSI APSTM because of higher air
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flow velocity in the former. Further study using liquid particles larger than 25 km is
necessary to confirm this speculation.

In addition to the problems related to the sizing accuracy of the AerosizerTM, its counting
accuracy also deserves attention. Recently, Baron et al. (1996) found that the AerosizerTM
has low inlet efficiency and low counting efficiency for oil droplets when compared to
simultaneous APSTM measurements. It is important for aerosol researchers to explore the
cause of these problems further. In the future, counting efficiency and its dependence on
particle aerodynamic diameter will be investigated using the detailed two dimensional flow
field obtained in this study.
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