






(a) (b)

(c) (d)

1 mm

Figure I.2: These photographs shows additional photographs of ring-shaped deposits for the S/W =
0.01 condition. The particle diameter, d, and StkW for these images are: (a) d =2.56 µm and
StkW = 0.013 (b) d = 4.98 µm and StkW = 0.045 (c) d =9.06 µm and StkW = 0.14 and (d)
d =11.08 µm and StkW = 0.31.
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Appendix J Inertial model for ring deposition

As the order of mangnitude analysis confirms that inertia is the dominant mechanism in-

fluencing the particle trajectories near the microscope slide, an inertial model is now developed to

partially explain the observed results observed. A simplified model was developed using an approach

similar to that by John,45 but using a simplified, circular flow geometry for the flow as it travels

from the nozzle through the slot created by the space between the plate and the flat outer portion

of the nozzle. This assumed flow is shown shown in Fig. J.1, and is different from the flow discussed

in the order of magnitude analysis in Chapter 4; it consists of uniform velocity within the nozzle,

transitioning smoothly via quarter circle arcs to a uniform flow in the slot, with parallel streamlines

beginning at the entrance to the slot. In this model it was assumed that particles deviated from

their streamline only due to inertia, and that they continued traveling in the nozzle direction for

a distance, δ, before following the curvature of their original streamline. Stated another way, the

circular trajectories shown in Fig. J.1 (solid lines) were simply displaced downward (dashed lines) by

a distance δ, and their impact location on the plate then determined. The particle stopping distance

was used for δ, which is the distance a particle penetrates into a quiescent fluid when traveling at

an initial velocity U and is decelerated only by Stokes drag.43 It is defined as:

Ring Deposit

Inner Diameter

Ring Deposit

Outer Diameter

ParticleStreamline

Particle Trajectory

Figure J.1: Simplified particle trajectories for flow through half the impactor nozzle, showing the
ring deposit geometry.

δ =WStkW (J.1)
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δ
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δ

β

Center

Streamline

a/2

Figure J.2: Geometric reduction of the impaction process, reduced to an intersecting chords problem.

The ring inner diameter can then be estimated as the intersection point between the particle tra-

jectory corresponding to the axial streamline and the plate surface. As the flow was assumed to be

circular in this model, this can be reduced to a geometry problem, as shown in Fig. J.2, using the

intersecting chords theorem:

a =W − β =W − 2
√
δ(W − δ) (J.2)

where a is the inner diameter of the deposited particle ring, and β is the chord length of the circular

streamline defined by its intersection with the slide. In this model the ring outer diameter will

always be W due to the assumption that the flow in the slot between the slide and nozzle will be

uniform with evenly spaced parallel streamlines beginning at the slot entrance.

A comparison of the results for inner diameter obtained from the above model and the

experimental results is presented in Fig. J.3. Although the model is relatively crude, it predicts

both the overall trend in the experimental observations, a monotonic decrease in ring inner diameter

with Stk, and the value of Stk corresponding to the end of observed ring depositions. However,

there are significant differences between the predicted and actual magnitude of the ring diameters

shown in Fig. J.3, as large as a factor of three for some Stk. Improvements on this prediction would

require a more accurate simulation of the flow and the particle paths in the flow.
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Figure J.3: Comparison between the experimentally observed ring inner diameter, and that predicted
by the simplified model.

In order to use the results obtained herein as the basis of a particle spectrometer capable of

measuring the particle size distribution, N(d), of a polydisperse sample, the spatial concentration of

deposited particles must be found. Though not explored in this work, it is possible that this could

be achieved by back lighting and imaging a deposition pattern, and then determining the spatial

distribution of the transmitted light intensity measured. By comparing this with the light intensity

of the back light alone the deposited particle concentration as a function of radial location, c(r),

could be approximated with the Lambert-Beer law:

c(r) =
4

Qe(d)d(r)2π
ln

(
I0(r)

I(r)

)
(J.3)

where I(r) is the intensity of the light transmitted through the deposit at point r, and I0(r) is the

light intensity without any deposition at point r, Qe is the extinction efficiency of the particle, which

is a function of the particle size and refractive index, and d(r) is the expected particle size that will

be deposited at location r. This estimate for c(r) can also be modeled as a function of N(d) via:

c(r) =

∫ ∞

0

η(d)N(d)P (r, d)UTdd (J.4)

where η(d) is the particle diameter resolved impactor collection efficiency; P (r, d) is the probability

that a collected particle having diameter d will deposit at r, as determined by a deposition model,
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such as the one developed above; and T is the exposure duration. Therefore N(d) could potentially

be found by measuring the radial deposition concentration within an impactor plate deposition

pattern. Clearly much work remains before N(d) could be obtained from Eqs. (J.3) and (J.4) due

to complexities in actually obtaining several quantities in these equations. A method for obtaining

Qe(d) and η(d) are needed as well as a more robust version of P (r, d).
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