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The equipment used for this study consisted of (1) a Sinclair- 
La Mer generator for the production of uniform-particle-size aerosols; 
(2) an "Owl" for the measurement of particle sizes; (3) an electro
static precipitator for measuring the density of the aerosol; (U) a 
series of jets for determining deposition values of the aerosols; and 
(5>) a Norgren Micro-Fog lubricator for the production of heterodisperse 
aerosols •.

The method of analysis in the six-jet method was based on the 
theory that a particle of a particular size would have the same depo
sition characteristics when mixed with particles of other sizes as 
it would if it were present by itself.

Six deposition coefficients were provided by passing one size of 
monodisperse aerosol through each of the six jets. In the selection 
of six sizes of particles not too widely different in diameter, it 
was assumed that six independent equations (containing six unknowns) 
could be obtained from the data.

The above theoretical procedure could not be made to yield practi
cal results.

A standard aerosol was produced by using two monodisperse genera
tors, each producing a different size particle. A material balance 
around the system showed some differences in deposition data, but 
showed very good agreement on the combination of the fogs with respect 
to total amount of material in the fogs. When a system of two simul
taneous equations were set up to represent the deposition data obtained

i



and the coefficients for monodisperse aerosols, it was found that the 
simple set of equations was not solvable. This situation indicates 
that the deposition data could not be determined with sufficient 
accuracy.

ii



THE PROBLEM OF AEROSOL ANALYSIS

Statement of Problem
The C, A. Norgren Company of Denver, Colorado, established a 

fellowship at the Colorado School of Mines for the study of lubri
cating aerosols as produced by their Micro-Fog lubricator. Under 
the direction of Dr. W. W. Howe of the Chemistry Department, an 
attempt was made here to determine the particle-sise —  percentage- 
of-weight curve of the aerosol from the Micro-Fog lubricator.

Behavior of Aerosol Particles
An aerosol is an assemblage of small particles (usually from 0.1 

to 10 microns in radius), solid or liquid, suspended in air. The 
stability of an aerosol is determined by a number of factors: (1)
Brownian movement, which consists of random oscillations and rotations 
causing coagulation and diffusion of the particles through the medium; 
(2) centrifugal forces; (3) gravitational settling; (U) electrical 
forces; (5) acoustical forces; (6) thermal forces, which cause parti
cle movement to any surface colder than the medium; (7) condensation 
of the particles; and (8) evaporation of the particles.

The two main conditions of stability to be considered here are 
centrifugation (impaction) and Brownian movement (diffusion). Impac
tion of a particle occurs when the particle has such a mass and ve
locity that it does not follow the streamlines around an object but 
continues in a direct line to the object. An equation (Handbook on 
Aerosols, p. 117, 1950) has been derived to determine the stopping 
distance S of a particle with a velocity V and a mass m, assuming



the gas to be at rest before being brought to rest tjy the viscous 
forces.

where! VQ - initial velocity
P  - particle density

» viscosity of gaseous medium
S * maximum distance of particle travel

across streamlines bent at right angles
r - particle radius

Substituting constant values for p  ■ 1.0, VQ * 100, and ̂  * 1.8 x
10-b for air in equation(1) and solving for S at various values of r,
it is evident that S for particle sizes of r less than 0.5 micron has
relatively little significance with respect to impaction.

r, cm_____________ S, cm

0.25 X lO-4* 7.80 x 10-5
i, —

0.50 x 10-4* 3.08 x 10
1.00 x 10 1.23 x 10-3
5.00 x Kfk 3.08 x 10"2

Diffusion becomes more predominant than impaction for particles
of 1.0-micron diameter and less. This has been shown ty the fact that 
penetration in a fibrous filter increases rather than decreases with 
increasing velocity, the diffusion coefficient varying inversely as 
the radius. Small particles are removed more effectively by diffusion 
at low velocities. The diffusion of particles may be treated as being 
analgous to heat transfer (Johnson, H. F., p. 2U19, 19U9)»
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Intermediate particle sizes of about Q.U- to 0.6-micron diameter 
are the most difficult to remove, because the deposition by diffusion 
begins to decrease and deposition by impaction begins to increase•

Review of Previous Work
Drs. W . W. Howe and W. H. Durake (19U9), of the Colorado School 

of Mines, conducted experiments on the wetting properties of a uniform- 
particle-size aerosol produced from n-hexadecane in a modified Sinclair- 
La Mer monodisperse-fog generator. The results obtained by these in
vestigators supported Sell1s equation for the efficiency of deposition 
of aerosol particles on a stationary plate. The Sell equation is:

-SiS-
where: E ■ efficiency of deposition

d * particle diameter 
V « particle velocity 
P = particle density 
y* » viscosity of air
D « dimension of object to be wetted

For spherical particles of uniform density, the efficieny of 
impaction is a function of the square of the diameter of the particle 
and of the reciprocal of the size of the impacting object, or, for 
impaction on a single object placed in an aerosol stream, the efficiency 
is a function of d^p with V constant or d^V with p constant. SelVs
equation does not consider any effect of diffusion on the efficiency
of deposition; therefore, for particle diameters of less than 1.0 
micron, a serious deviation from the law may be expected.
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Measurement of size distribution has been attempted by several 
methods including (1) the light microscope; (2) the electron micro
scope; (3) the cascade impactor, a form of centrifugal separator 
(May, K. R., p. 187, 1916)(Sonkin, L. S., p. 269, 19U6), for parti
cles above 2-micron diameter; and (U) thermal precipitation of parti
cles, usually less than 2-micron diameter, on a plate colder than the 
medium.

The thermal method is described by Watson (p. 1073, 1936). A 
differential settler for heterogeneous smokes is described by Sinclair 
(p. lOU, 1950). Its operation is based on the fact that the rate of 
change of the number of particles, t, at a fixed height in an
aerosol in tranquil settling is proportional to the rate of change 
of the scattered light intensity, zS l//3 t, transmitted hy the smoke. 
When the particle density is known, the particle size can be calcu
lated from the relative intensity at any time, provided the law of 
scattering of light with particle size is known.

Borthick (1951) described a method of obtaining particle-size 
distribution by the use of deposition efficiency-coefficients as 
related to the Sell equation. Using homogeneous aerosols of n- 
hexadecane, he obtained deposition coefficients for various particle 
sizes at different velocities. These coefficients were then used 
to develop a system of simultaneous equations incorporating the 
deposition value of a heterogeneous fog at the different velocities. 
These equations were then solved by empirical methods to obtain an 
approximate distribution curve.
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Approach to Problem

It is of importance in the study of heterodisperse aerosols 
formed by mechanical methods to be able to predict the actions of 
a monodisperse aerosol under the conditions of the test. Since it 
was possible to produce a monodisperse aerosol by the Sinclair- 
La Mer type of generator, wetting tests were made on aerosols of a 
size range which was to cover the range of particle sizes in the Micro- 
Fog produced by the Norgren Micro-Fog lubricator, i.e., O.U- to 2.0- 
micron diameter. The basic assumption involved here is that each of 
the particles of different sizes in a sufficiently dilute fog will 
act independently of the other sizes and display the same wetting 
properties as its monodisperse fog.

A method described by Borthick (p. 5, 195>1) using six different- 
size jets and six sizes of particles, covering the range of 0.U- to 
2.0-micron diameter, was used as an initial approach. Six deposition 
values, in the form of percentages of total passed, were obtained for 
each particle size by passing the monodisperse fog through six dif
ferent size jets, each jet carrying the same quantity of flow. The 
amount of heterodisperse aerosol, from the Micro-Fog lubricator, 
deposited from a particular jet was also measured; hence, the depo
sition value for that jet could be spt up in the form of an equation 
stating that the summation of the fractions of each particle size 
deposited must equal the total amount of deposited heterodisperse 
aerosol. Six equations, one for each of the six jets, could be set 
up in the following general form:
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Au + Bv + Gw + Dbc + %  + F0 * T (3)
whereî

A, B, C, D, E, and F » deposition constants for
six different particle sizes, 
expressed as percentage of 
total aerosol passed.

u, v, w, x, y, and z * unknown weights of the six
different particle sizes 
which appear in the total 
weight T of heterodisperse 
aerosol deposited.

T ■ total weight of heterodisperse aerosol deposited.
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DESCRIPTION OF EQUIPMENT

Monodisperse Generator
This generator (Sinclair, La Mer, p. 261, 19U9)(Plate l) produces 

an aerosol of very uniform particle sise by slow and uniform condensa
tion of vapor on condensation nuclei. A general view of the generator 
is shown in Plate 2* The size of the particles is determined by the 
ratio of the mass of condensable vapor to the number of nuclei; an 
increase in the ratio of mass to nuclei forms larger particles, The 
boiler (1) is a 2-liter Pyrex flask which contains the n-hexadecane*
The flask and contents were heated in an asbestos board box to about 
200° F, the particle size being governed by the number of condensation 
nuclei entering the boiler. The condensation nuclei were formed in 
the ionizer (2) —  a 1/2-liter flask mounted above the heater box and 
connected to the boiler by a standard tapered joint —  by vaporizing 
sodium chloride with a nichrome wire element.

The reheater (3) is a 2-liter Pyrex flask in an asbestos box, 
heated to about 385° F, and connected to the boiler by a Pyrex tube 
having two jets of 2-mm diameter to produce turbulence• À double-called 
Pyrex glass chimney (L) 20 in. long is connected to the reheater by a 
large standard tapered joint. The chimney prevents sudden cooling of 
the fog, and thus better control of particle size is obtainable.
"Owl"

The "Owl" (Plate 3) is an instrument constructed by Sinclair and 
La Mer for the determination of particle size in an homogeneous fog 

by using the colors and polarization of scattered light (Mie, p. 377, 
190.8), It consists of an observation chamber and light source which



PLATE 1

Sinclair-La Mer Monodisperse-Aerosol Generator

1 .. Boiler containing n-hexadecane
2 .. Sodium chloride ionizer
3 «. Vapor reheater
h .• Double-called cooling chimney 
5> •• Air inlet for aerosol dilution
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may be rotated while observing the fog throguh a loir-power microscope.
The arrangement provides a sufficiently intense light beam, paral

lel to i 3°? a light trap to prevent reflections5 a graduated scale 
from 0-l80° from which the position of the red bands may be determined; 
and a polarizer which admits only the i^ component of scattered light. 
The instrument is used for the determination of particle sizes from 
0.U- to 2.0-micron diameter.

The observations of the number of red bands must be made on the 
scattered component i^ alone, since the component ig exhibits a dif
ferent series of spectra. The component i^ is seen when the vibration 
axis of the analyzer is vertical. Figure 1, which shows the number 
and angular position of the red bands with respect to the particle 
size of n-hexadecane fog as plotted by Howe and Dumke, served as a 
calibration of the "Owl" for n-hexadecane.

Electrostatic Precipitator
Since the precipitation of aerosol particles by electrical 

forces is considered very efficient, this type of apparatus (Plate U) 
was used to determine the d ensity of the n-hexadecane fog and of 
the fog from the Norgren Micro-Fog lubricator. The filter tube was 
loosely packed with asbestos fibres. The fibres were used to main
tain the proper distance between the center wire of the precipitator 
and the wall of the tube and also to aid in the removal of the oil 
particles from the medium.

When density measurements were taken, an arc light was played 
on the precipitator outlet to show any evidence of inefficient fog 
removal.
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PUTE U 
Electrostatic Precipitator



Jets (Plate £) with the following outlet diameters were used: 
3.19, 2.73, 2.UU, 2.295, 1.98, 1.70, and I.I48 mm. The inside diameter 
at the inlet of each jet is l/U in., which then tapers to the various 
inside diameters at about a U5° angle. About 1 cm. of the tube is of 
the final diameter. Keeping the jets in a convenient rack facilitated 
the measurements of the deposition of the fog.

Micro-Fog Lubricator
Plate 6 shows the Micro-Fog lubricator with an air filter as 

manufactured by C. A. Norgren Company, Denver, Colorado. This lubri
cator was used to produce the heterodisperse aerosols for particle- 
size distribution analysis.
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EXPERIMENTAL PROCEDURE

Monodisperse Aerosols
Aerosols were made from n-hexadecane, which is one of the con

stituents of commercial Vélocité E, used in the Norgren Micro-Fog 
lubricator*

As shown in Figure 2, the size of the particle was made a function 
of the air passing over the heated sodium chloride plug. This correla
tion simplified the adjustments necessary to obtain the various sizes 
of particles. However, for particles smaller than 0.6 micron in di
ameter, the ionizer current was increased to obtain more nuclei for 
condensation. Similar curves can be made for larger particle sizes 
by simply increasing the boiler temperature. The boiler air flow is 
substantially independent of the particle size because the dried and 
filtered air was blown over the surface of the liquid and not bubbled 
through. The boiler temperature was maintained at 200° F, the reheater 
at 385° F, the boiler flow at 0.15 cfm, and the ionizer current at 3.0 
amp. The air flow over the heated salt-plug was the only variable.

After equilibrium conditions had been attained, the aerosol was 
introduced into the "Owl" so that the particle size might be checked. 
The aerosol was then passed through a flowmeter of the differential- 
pressure type and either into the precipitator for density measurement 
or through the various jets to obtain the deposition values. A con
stant flow, 0.35 cfm, was maintained through the precipitator and «n 
the jets5 thus the deposition was a function of jet diameter. Runs 
were of U-minute duration through the precipitator and each jet.
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The deposition values were obtained by using a 1-in. square of
No. 00 filter paper backed by aluminum foil and placed 1 mm from the
jet outlet. The weight of oil deposited was determined by difference, 
and the weight percentage was converted to a decimal value. Similar 
runs and calculations were made using the six jets, and the data 
obtained are shown in Table I and Figure 3*

A second procedure was to use only one jet (2.73 nan dia). For
comparison purposes, the velocities in the one-jet method were made 
equivalent to the velocities obtained by the six-jet method. By 
maintaining the gas flow through each of the six jets at 0.35 cfm, 
the velocities obtained in each jet could be calculated. Then, 
using only one jet, the amount of gas flow necessary to obtain the 
desired velocities could be calculated. If the required volume of 
gas were greater than that used in aerosol generation, air could be 
introduced through the aerosol dilution valve, at the outlet of the 
cooling chimney (Plate 1), to obtain the correct volume.

The small change in density occurring at the different velocities 
in dilute aerosols has no determinable effect on the deposition coef
ficients. This fact is shown by a comparison of Tables I and II. 
Deposition values were obtained experimentally for only the 1.3-,
I.0-, and 0.76-micron-diameter particles and are tabulated in Table
II. Comparison of the values obtained for these particle sizes with 
those obtained by the six-jet method shows that the two methods give 
substantially the same results.
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TABLE II

AEROSOL DEPOSITION BY ONE-JET METHOD 
FOR n-HEXADECANE

Partiel e dlamet er in microns
1 .3 1.0 0 .76

Jet velocity, i Density, i Density, i Density,
cm/sec stopped g/cf stopped 6/cf stopped s/cf
207 11.5 0.0493 6.3 0.0386 5.5 0.0356

(Jet 3.19) 10.0 0.0493 » 3.3 0.0356
282 22.7 0.0300 12.0 7.2 0.0300(Jet 2.73) 23.9 0.0300 5.7 0.0300
353 34.4 0.0230 18.0 8.0 0.0236

(Jet 2.44) 39.1 0.0230 7.3 0.0236
'419 50.4 0.0230 22.8 0.0170 12.3 0.0192

(Jet 2.295) 53.8 0.0230 20.7 0.0170 11.0 0.0192
536 76.2 0.0118 37.0 0.0115 28.6 0.0124(Jet 1.98) 77.2 0.0118 35.2 0.0115 27.4 0.0124
637 100.0 0.0073 70.3 0.0074 59.8 0.0080(Jet 1.70) 100.0 0.0073 74.3 0.0074 62.7_ . .CLÜQGCL
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Heterodisperse Aerosols
The heterodisperse aerosols of n-hexadecane were produced by the 

Norgren Micro-Fog lubricator operating at 16 psi and 60 drops of n- 
hexadecane per minute•

When this fog was analyzed by the six-jet method, a sample bottle 
of 5>-liter capacity was used to remove the amount of fog not used in 
the jet deposition determination. However, experimentation showed that 
if a line from the lubricator were run directly to the flowmeter, with 
only a bypass valve to exit any amount of unused fog, the accuracy of 
the experimental data was not decreased» The latter setup was used 
in the one-jet method.

All deposition observations on the heterodisperse fog followed 
the deposition procedure outlined for monodisperse fogs.

Standard Aerosol Mixture
A standard aerosol mixture of known particle sizes was produced 

by using two Sinclair-La Mer monodispprse-aerosol generators, each 
operating to produce the size of particle desired. The density of 
each of the aerosols and the mixture was determined ty using the 
electrostatic precipitator. Mixing of the two monodisperse aerosols 
occurred when the transfer tubes from each were connected by a “Ï11 
joint•

The deposition observations on the standard aerosol followed the 
deposition procedure outlined for monodisperse aerosols and were used 
to indicate the accuracy of deposition data for the unknown hetero
disperse and known monodisperse aerosols,
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Data and Calculations
Monodisperse Aerosols
Deposition data obtained from monodisperse aerosols by the six- 

jet method of analysis are shown in Table I and plotted in Figure 3. 
Starred values in Table I were used to plot Figure 3»

From Figure 3, it can be seen that the slopes of the curves at 
about £0 per cent of aerosol deposited are nearly equal for jets 3.19- 
to 1.98-mm diameter. This suggested that the aerosol deposition was 
operating at some simple function of the velocity. Data taken from 
Figure 3 were used to plot Figures U and $ on semilog scales; the 
existence of a simple mathematical relationship between deposition 
and particle diameter was thus investigated.

Comparison of Figures h and $ shows that approximately straight 
lines may be drawn if the 30 per cent point is taken as an inflection 
point. On Figure straight lines may be drawn for jets 3.19- to 
1.98-mm diameter from 30 to 100 per cent of aerosol deposited. It can 
also be noted that the lines may be drawn for jets 3.19- to 1.98-mm 
diameter from 30 per cent and less of aerosol deposited, and these 
lines have approximately the same slope. From Lipka (p. 131), the 
equations of the curves in Figure U above the 30 per cent point fol
low the general form:

D * ae^^ (U)
where %

D * particle .diameter
P * per cent as a decimal of aerosol 

deposited
a « some constant
b * some constant
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The curves in Figure 5> from the 30 per cent point and less fol
low the general form:

P » ce® (5>)
where :

P » per cent as a decimal of aerosol 
deposited

D » particle diameter
c * some constant
d * some constant

The constants may be evaluated as in the following example. The 
derivation of the equation for the curve representing a velocity of 
353 cm/sec (jet 2.UU nan) is taken here5 equations for other curves 
could be calculated by the same method.

Example:
The straight line form of equation (U) may be written as:

In D * In a + (bP) (6)
The method of selected points was used to determine the constants a 
and b. The best straight line connecting the points was drawn for 
the velocity of 353 cq/sec. If two points on this line are selected 
and their coordinates determined, two equations involving the two 
unknown constants are obtained. These are then solved by simultaneous 
methods for the values of a and b. Thus, from Figure U$

P ■ 0.95 when D » 2.0
and

P » 0.30 when D » 1.2.
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Substituting these values in equation (6):
0.693 - In a + (0.95b)
0.182 « In a + (0.30b).

Solving for constants a and b by simultaneous equations: 
a « 0.915 
b - 0.790.

Substituting the values of a and b in equation (U) gives:
D - 0.9U5e°'790P (7)

Equations for the curves below the 30 per cent point may be derived 
similarly. It is realized, however, that all such equations are 
limited to the accuracy of the experimental data and are therefore 
no more reliable than the data.

The inflection at the 30 per cent point might be partially 
explained by considering the relationship of particle size to its 
velocity and the distance the particle must travel after leaving the
jet to contact the object which causes deposition. Thus, for small
particles, or for large particles flowing at low velocities, there 
will be no deposition by impaction because of the existence of a 
boundary layer. Other forces that cause deposition would predominate 
below the 30 per cent point; This action would apply for jet diame
ters from 1.98 to 3.19 mm; jets smaller than 1.98-mm diameter would 
have decreasing boundary effects because of increased gas velocity.

Standard Aerosol
A standard aerosol was produced by using two monodisperse genera

tors, each producing a different size particle. The six-jet method 
was used to determine the deposition data shown in Table III.
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TABLE III 
STANDARD AEROSOL DEPOSITION DATA

BY SIX-JET METHOD
Mixture 1 Mixture 2 j Mixture 3

1 
Co

ns
ta

nt
s 1.4 dia @ 86.2 wt%

3.6 dia ; 13.8 \rt% 
Density: 0.0805 

g/cf
1.4 dia S 67.0 vol? 
0.6 dia b  33.0 vol/o

1.4 dia © 80.4 wt% 
0.6 dia ë  19.6 wti 
Density : 0.0635

g/cf
1.4 dia fe 50.0 vol,& 
0.6 dia ©  50.0 vol%

1.9 dia ë  43.8 wt % 
0.6 dia v\ 56.2 wt% 
Density: 0.0474

g/cf
1.9 dia ©  25.0 v o l % j 
0.6 dia t  75.0 vol<%

i i Jet || ïït of mixture 
dia, I deposited, !

.....1 ................  8  1

r  -  "  ' "
j Vvt of mixture 

deposited,
8

- .......t............" n
Wt of mixture j 

deposited, j 

g  i

2.73 | 0.0377 
I 0.0369

0.0157
0.0159

0.0102 | 
O.0102 |

co ï

j 0.0608
0.0614

0.0419
0.0513

0.0233
0.0228 j

2.29c
! ’ 1 

0.0621 i 
0.0611 !

0.0495
0.0487

0.0291 | 
0.0316 j

1.98 0.0982
0.0959

0.0636
0.0631

0.0417 | 
0.0391 j

1.70 0.0995
0.0971

0.0642
0.0645

0.0454 I 
0.0464 j

1.48 0.1093
0.1075

0.0775
0.0767

0.0601 ! 
0.0572 !

L

1.4 dia ë 0.235 cfm 
and 0.0971 g 

3.6 dia @ 0.115 cfm
and 0.0160 g 

Total mixture ë 
0.35 cfm and 
0.1131 g

1.4 dia ë 0.175 cfm 
and 0.0735 g 

3.6 dia ë 0.175 cfm 
and 0.0178 g 

Total mixture ë 
0.35 cfm and 
O.0915 g

1.9 dia ë 0.088 cfm i 
and 0.0291 g j 

0.6 dia © 0.262 cfm 
and 0.0373 g J 

Total mixture @ j 
0.35 cfm and ? 
0.0664 g jj
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A material balance around each of the jets gave the weight 
of aerosol mixture which would be deposited if the coefficients
from Figure 3 were accurate. A sample calculation based on U-
minute runs is shown below:

Composition of mixture It
86.2 wt% of l.L-micron dia
13«8 wt/6 of 0.6-micron dia

Material balance for mixing above aerosols:
Wt of l.li-micron d i a   0.0971 g
Wt of 0.6-micron d i a ............0.0160 g
Calculated wt of mixture   0.1131 g
Experimental wt of mixture 0.1128 g

Composition of mixture 2:
80.ii wt/6 of l.ii-micron dia 
19.6 wt/6 of 0.6-micron dia 

Material balance for mixing above aerosols:
Wt of l.U-micron d i a   0.0735» g
Wt of 0.6-micron dia ............0.0178 g
Calculated wt of mixture 0.0913 g
Experimental wt of mixture 0.091$ g

Data for the above material balances were obtained bgr using 
the electrostatic precipitator; the results obtained are in 
close agreement.

From Table III, the deposition data for mixtures 1 and 
2 in the 2.Uii-mm diameter jet may be taken as:

Mixture 1 .... O.O6II4. g 
Mixture 2 .... 0.0$13 g



The following equations may then be set up, the weights of 
the respective particle sizes being taken from the material 
balance for the mixture:

For mixture 1: 0-̂ (0.0971) + Gg(0.0160) « O.O6H4,
For mixture 2: 0^(0.073$) + C2 (0.0178) ■ 0.0$13

Solving for and Cg:
« 0.$1 for l.U-micron dia

Cg « 0.8$ for 0.6-micron dia
From Figure 3:

» O.UU for l.U-micron dia

C2 « 0.08 for 0.6-micron dia
If it is assumed that the coefficients and Cg from Figure 3 
are accurate, then the amount of the mixtures which should be 
deposited would be:

Mixture 1: O.UU(0.0971) + 0.08(0.0160) • O.OUUO 
Mixture 2: 0.UU(0.073$) + 0.08(0.0178) - 0.0338

as compared to 0.061U and 0.0$13 g respectively.
Table IV shows a comparison of deposition data and coefficients 

as obtained from the various jets used. Comparison of the coefficients 
shows that four “impossible” solutions (negative coefficients) were 
obtained from the six trials and that the other two were in wide dis
agreement . This comparison shows that it is impossible to determine 
the aerosol deposition data with sufficient accuracy to satisfy the 
requirements of simultaneous equations.



TABLE IV

COMPARISON OF CALCULATED AND EXPERIMENTAL VALUES 
OBTAINED FOR STANDARD AEROSOL MIXTURES

1 .4-micron 
diameter

0.6-micron
dlpmeter

Wt calculated 
from coef. 

in Figure 3
Wt observed 

by
experimentJet

dia,
nun

Clfrom G1 obsv.
exp.

Cgfrom Og obsv. 
exp.

Mixture
1

Mixture
2

Mixture
1

Mixture
2

2.73 0.34 0.74 0.045 -2.140 0.0337 0.0258 0.0369 0.0159
2.44 0.44 0.51 0.080 0.850| 0.0440 0.0338 0.0614 0.0513
2.295 0.53 0.56 0.100 0.430 0.0536 0.0412 0.0611 0.0487
1.98 0.85 -1.25 0.200 -1.580 0.0857 0.0661 0.0959 0.0631
1.70 0.97 1.26 0.400 -1.660 0.1004 0.0784 0.0971 0.0645
1.48 0.99 11.23$ 0.630 -0.725.... ■■■i 0.1060 0.0840 0.1075 0.0767
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DISCUSSION

Meaning of Data
Six deposition coefficients were provided by passing one size 

of monodisperse aerosol through each of the six jets. In the selec
tion of six sizes of particles not too widely different in diameter, 
it was assumed that six independent equations (containing six unknowns) 
could be obtained from the data. It was necessary to choose particle 
sizes fairly close together because the method results in assigning 
a weight of a portion of the fog to a range of size. For example, 
consider the two sizes 0.U- and 0.6-micron diameters— the analysis 
would assign a certain portion of the weight to a size range of 0.3- 
to 0.5-micron diameters and another portion of the weight to a size 
range of 0.5- to 0.7-micron diameters. It is desired to have this 
range as small as possible to increase the accuracy of the method.

Experimental results show that the curves are too nearly paral
lel (Figure 3) between a deposit percentage of 20 to 90 per cent.
The curves would not be dangerously parallel if (1) a wider choice 
of particle diameters were permitted and/or (2) a wider range of jet 
diameters (which govern the velocity for deposition) were permissible.

Use of a wide range of particle sizes defeats the object of the 
analysis, namely, to analyze particles in the range from 0.U- to 2.0- 
micron diameter. Also, the larger size particles (above 2.L-micron 
diameter) collect on the wall of the transfer tubing and in the flow
meters used for volume measurement.

A wide range of velocities is not possible because (1) in very 
small jet diameters, the back pressure developed in the monodisperse
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aerosol generator is excessive; and (2) in very large jets, the 
velocity developed is so low that too small a percentage of the 
weight is deposited for accuracy.

The above theoretical procedure could not be made to yield 
practical results.

Deposition data from the standard aerosol mixture experiments 
show that the data cannot be determined with the accuracy necessary 
to satisfy simultaneous equations. Since the deposition data are 
erratic and the major portion of the curves in Figure 3 are nearly 
parallel, it would be impossible to obtain even an approximate weight- 
distribution curve for the heterogeneous Micro-Fog.

Suggested Further Study
Two methods of determining a weight-distribution curve could be 

as follows:
(1) Use of a differential settler designed to measure the size 

and size-distribution of heterogeneous aerosols. Measurement is 
made by the rate of change of the number of particles A/? /û t at a 
fixed height in an aerosol with the rate of change of scattered light 
intensity,a I /A t (Handbook on Aerosols, p. 10U, 1950). By use of 
two monodisperse generators operating at different particle sizes and 
mixing the fogs in known proportions, a check could be obtained on 
the method and on the transmission equations to be used for a complex 
mixture.

(2) Use of empirical equations developed by Éukiyama and Tanasawa 
(p. 86, 1938) for the atomization of liquids by gases. These equations
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are described by Lewis (pp. 67-7U, 19U8) and Ifcigele (p. 1320, 
19^1).

Several other mechanical procedures (Handbook on Aerosols, 
p. 97, 19î>0) and electrical methods (Symposia on Aerosols, p. 1371, 
1951) described in the literature could be investigated.



CONCLUSIONS

Experiments using two monodisperse generators, operating to 
produce aerosols of two different sizes, show that aerosol deposi
tion as performed herein is not of sufficient accuracy to predict 
independency of various size particles in a mixture as compared to 
their monodisperse characteristics.

The system of simultaneous equations set up is not accurate 
because of (1) erratic aerosol deposition data, and (2) lack of 
widespread independence of forces that cause deposition as the 
velocity changes.

For further study, the theoretical aspects of the problem 
should be analyzed thoroughly before a practical solution is 
attempted.
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