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(Works of the Astrophysical Institute

of the Academy of Sciences Kazakh SSR)
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In this report a description is given of a collector for sampling
aerosol particles from a curvilinear flow and a method is suggested for
analyzing the samples and obtaining distribution statistics., It is
shown that the collector can be used to analyze aerosols with a minimum
particle size 0.7-0.8j: . The results of determination of distribution
parameters agree with wmicrophotographic data.

I. Study of the microstructure of aerosols is needed in solving
many problems related to the transparency of the atmosphere and predice-
tion of its optical and physical properties. Existing methods of study-
ing dispersion and the countable aerosol concentration, with a few ex=-
ceptions, represent an obstacle for sampling and settling of the aero-
sol sample and for analysis of the resulting photographs. These so-
called flow methods are most widely used in studying the structure of
clouds, fogs, and condensation nuclei. A detailed validation of a
flow method and numerous experimental results obtained in the Elbrus
Expedition of the Academy of Sciences USSR are found in the monograph
by L. M. Levin [1]. Collectors devised in the Institute of Applied
Geophysics can automatically collect 18 samples in 20-30 seconds, which
affords the gathering of statistically valid data on the size-distri-
bution function of drops. We must note that several shortcomings in-
herent in the flow method make difficult or altogether impossible the
solution of several problems related to investigation of aerosol struc~-
ture. We will point out some of them.

1. Analysis of wmicrophotographs is a fatiguing and laborious
process. Autocorrelational analysis of negatives somewhat facilitates
the obtaining of distritution parameters, however it substantially dis-
torte the final results.
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2. Owing to the inertia of aerosol particles the distribution
function in collecting a sample can be significantly skewed. Hence
it is necessary ito compute the capture coefficient for each small
region of the collector plate. Determining the capture coefficient
experimentally is difficult, therefore & certain indeterminacy arises
in estimating the error of calculation.

3. The minimum size of captured particles is determined by the
flow rate of the aerosol and by the dimensions of the collector plate.
In the experiwents of the Elbrus expedition dmin was 4 i . Conse~

quently, with the use of such collectors the investigation of mists
and fine-drop clouds with median diameters 1.5 - 2/4 observed in the
vicinity of Tomsk became impossible.

4. In the photographing and analysis of the negatives, several
factors are absent, cauging by their absence variability in the dis~
tribution parameters [27.

Based on the foregoing, it is necessary to develop a method that
surmounts the shortcomings of flow methods and satisfies the following
conditiona.

1) It is very convenient if when collecting a sample the particles
are sorted by size by the device itself. 1In [3] a description is given
of such an instrument -- the conifuge. It must be noted that at low
and variable rates of sample suction into the_conifuge the distribution
function can be uncontrollably skewed. 1In [1] it is pointed out that
to get satisfactory results with the use of flow methods it is neces-
sary to have large intake amounts of air through the instrument; ac-
cordingly, for small-bore collectors it is necessary to sample from
a steady flow moving at & high flow rate.

2) Sorting of particles in the instrument must substantially
facilitate the obtaining of distribution parameters; the most laborious
stages of result analysis must be excluded -- microphotographing and
miscounting of drop images.

3) The obstacle on which the collection of samples is carried
out must be flat and must ensure the collection of particles of the
snallest diameters.,

4) The collector must be automated and convenient in operation.

It appears to us possible to use as an obstacle the wall of a
cylinder with axis equal to the radius of curvature R.

II. Ve will examine the trajectory of a spherical particle

carried by an air flow into a cylinder with radius of cross-section
r and with wean redius of curvature R (Figure 1). The equation of
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its motion in vector form is written as follows [4]:

m %-: — ényriv—u) + F, )

where Vv = vector of particle velocity, U = vector of velocity of
medium, and F = vector of external force.

Figure 1.

By virtue of the fact that the inertial mean free path 1 for
aerosol particles is small, in the curvilinear flow they will move per-
pendicular to the vector of the flow rate. 1In this case, movement
with respect to the coordinate axes will be independent. In polar co-
ordinates, in the case of the planar problew equation (1) will be of
the form: e F

[4 —
mﬁ=—6nnr(o, u,)+F, . @)

m‘ '— - Gnnr(vo—MOHFo

We will select as one variable x -- the distance of the particle
from the tube axis. Taking into account the sicady-state distribution
of velocities in the cylinder,

. .
i=2l—%) (3)
where u = mean flow rate through the tube, equat:.on (2) can be written
in the following forms "
(- ...) (4)

X Azt BT
where A = -—9-"-—,‘,— $ D= density of droplet; d = diameter of droplet;
2yDd
-2 Y

B--ﬂl:r.

let us assume that the form of the particular solution of (4)
x, = x,(t) is kmown. The rate of particle settling under the effect
of some external force will take on the forum:
v = <flx), (5
vhere U = -{—— particle relaxation time. The solution of (5)
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. where

vill e x, = ed?F(t), ' ©)
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Muglecting change in the radius—vector of the particle ¢ and
the distrihtion of the field of flow rates in the cylinder, we obtain
the following expression for the coordinate x of the particle:

%, = ad?@(¢). (7>
x dis not difficult to calculate from (7). ‘

let us designate by Sx the distance travelled by the particle
1

from the beginning of the curvilinear flow to the point of encounter
with the tube wall; S, = this distance calculated from (7). The dif-
2

ference between Sx and Sx can be written in the following form:
1 2

as= Sa(4,—B), (8

L2,
A= [G(1-50) e,

0

{x

B, = J';( 125 ) de.

Thus, since we have the value of x, calculated from (7) and the
value of x, calculated from (6) for a specific diameter di’ we can

estimate the difference AS for a particle of any diameter, ihe move-
ment of which is described by (1). Solution of (4) by numerical methods
and its comparison with the solution of (7) has shown that 5, differs

somewhat from S,. Since we can use as the results of calculations of
particle trajac%ories only for a qualitative interpretation of experi-
mental results, we can use equation (7) for the calculations.

Equation (7) presupposea the settling of particles that is sym-
metrical with respect to the tube axis, therefore particles of the
same diameter di will be distributed normally relative to a certain

point on the tube wall at a distance Si’ The superpositioning of

normal distributions evidently leads to the fact that over the section
1381 of the collector plate, the size distribution of particles will

exhibit & certain skewness and will be close to the logarithmically
normal distribution. If the relationship 1d° = const is satisfied
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for particles setting from the axial plane of the tube, then the fol-
lowing condition must be satisfied for median diameters of distribu-
tions calculated for each of the equal sections Z‘Si

ld =const .

This fact can be used for & simpler and more reliable graduating of
the collector than is described in [5 .

III. The collector for sampling serosols and the curvilinear
flow (Figure 2) is a tube A with the conifuge X, and the flow rate
in this instrument can be varied with the spray head D from 10 to 25
meters/second and the collector device 2 . Sampling is carried out in
a tube with cross-sectional radius of 2 mm and a mecan curvature of .
6 mm on the plate P, the surface of which is a section of the internal
tube surface. The orifice of the tube is covered the curtain C with
an automatic device that permits making plate exposures of different
durations. The flow rate in the tube can be regulated by the gauge
B from O to 70 meters/second.

Samples of an artificial cloud produced in an 11 m5 chamber
and samples of natural aerosols are collected on a plate coated with
a8 mixture of transformwer o0il and vaseline. Simultaneously aerosol
samples were collected by a flow collector built in the Elbrus exped-
ition of the Academy of Sciences USSR. After photographing with a
biological microscope with & "Zenith-8" chamber, the number of drops
and the dimensions of each were determined by a counting device that
consisted of telephonic counters and a switchboard distributing block.

< v

Figure 2.

Analysis of the results was done &s follows. The plate exposed
in the cloud was photographed under the microscope at several places,
and the position of the center of each frame was determined on the
scale of the sample leader. After the film was developed, the number
and size of each drop were determined with the counting device. To
detarnine the soale of images on the film, the soale of the objective-
microscope was photographed. To check the applicability of the log-
arithmically normal law, on the abscissa sxis was plotted the logarithm
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of the drop diameter, and on the ordinate axis --y = G '[1(a)], where
H(d) = relative number of drops in the sample with diameter less than
d, &7 = function that is the reciprocal of the normalizing function
of normal distribution. The results of analyzing one of thc sauple
using this method are presented in the table and in Fipure 3., The
rows 1-9 in Figure 3 are the results of analyzing individual frames.
Data obtained as a result of analyzing the entire sample is plotted
as a heavy line. It must be noted that in individual frames and in
the entire plate the distributions are close to the logarithmically
normal. The results of analyzing the sample collected simultaneously
by the collector of the Elbrus expedition after calculation of the
capture coefficient E(d) are shown in Figure 4. An approximation
suggested by L. M. Levin [1] was used as the capture coefficient:

=1+ ©

In this form, (9) can be used for the flow rate in the collector
v » 15 weters/second and for the paramcters of the collector plate
used in the studies of the Elbrus expedition.

From & comparison of Figures 3 and 4, it is clear that the
valuea of the median dilametera for samples taken by the flow collector
have been obtained overstated. This circumstance, in particular, can
be explained as_follows. The aspiration coefficient in the tube, as
wag shown in [1] dependa substantially on the amount of air intake
through it and on the velocity and direction of the wind. No distortions
in the case of isokinetic conditions of sampling are introduced into
the flow of the aerosol through the tube. To satiefy these conditions,
the velocity of the air flow within the tube must equal the velocity of
the externsl flow parallel to which the tube is oriented, and the thick-
ness of tne tube wall can be neglected. In our experiments, for velo-
cities up to 29 meters/second the conditions of sampling by the collector
vwere close to the isokinetic; for velocities higher than 25 meters/sec-
ond, the flow concentration of large drops in the sample collected is
reduced, which can explain io some extent the above-indicated discre-
pancy.

Essential to the collection of samples in the tube is the con-
dition of flow laminarity. In the tube of the collecior the Re number
for the highest flow rates does not exceed 103. For a rigorous solu-
tion of the problem, it is necessary to estimate the effect of the
boundary layer on the critical value of the Stokes number kcr and the

effect of turbulent settling in the boundary region. These questions
will be the subject of further exploration.

The recorded minimum drop diameter is 0.8 g . No drops at all
were observed at the end of the plate. This fact can ta explained by
the coefficient of settling for drops of all diameters, up to d = 0.8,
being close to unity. The estimate of Si for drops of minimum diameters
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made with the aid of (7) givec close values for the distance S, of

these drops on the collector plate.

_ TABLE

@AM xaapa @ M xaapa

" 2 3 4 5 6 7

H(d) h; {H(d)|h, lll(d) h; ’H(d) hy ll!(d) Ry | ) by | Tl

5.7 7 7 1,9} 7| 2.0] 11 78|17.8) 76[24,3| 6930,
9.6 24 24751 22 95(28,9(134 184159,9(141169.3(125!84,9
12,0 42 3193147,71108 (59,5120 122187 8] 74192,9) 31198.1
15,4 56 5,89 72,21 106,89 6| 48, 46 98,3| 19/99.0( 4,999
21,0 79 111.5°51 86,31 25196,7| 17 7199.9} 3§ 100] —| —
24,8 91 13.7,26{93 5/ 9/90.2| — -l -] - - =] -
28,6 95,6 99,00 3| 100 — -1 - | - = =
32 5 98 5(17.8, 2|99.5 —| — - =] = - 1]~-=! -
36,3 9,920 —) —| —| = | — —_ ] =] | = ~] =

LEGEND: 8) cadre number.

A

Figure 5 is the median diameter for the size distribution func-

tion of particles on an individual frame as & function of distance
The points represent experimental results.
The solid curve stands for the graph of the function ldrrl = const.

on the collector plate.

1

Deviations of experimental points from the curve lic within the limits

of measurement err-r.

The good conformity of the ratio ldm = const

evidences that the flow is sufficiently laminar and that neglect of

the correction AS is graduation of the collector is justified.

2

i

1/l
il

Iv.

To graduate the colleétor,
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Figure 4§

it is necessary to obtain a
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sraph sic‘lar to tha shown in ,<sure ,. A% a given flow rate u in
the collecwor and constant characteristics of the collecting instrument,
the graduation graph will be rigorous *n conirast to graphs given in
[5]. After a graduating curve is obtained, the boundaries of counting
sections are determined with account taken of the presumed microstruc-
ture of the investigated serosol, exposure in collecting the sample,
and the effect of fluctuations of the number of particles in the volume
taken [1. 2]. The size of the sections must be estimated to obtain
statistically determinate results. The last stage must be the count-
ing of the number of drops on each section of the collector plate.
Using the graph in Figure 5, we find the values of the diameters of

the drops falling within the boundaries of the sections, after which
the rectified cumulative diagram for the given distribution is plotted.
The method of analyzing the resuits that has been described can be
used for samples, the particle sizes in which are distributed accord-

ing to any law. KX
S
s \\‘(\
4 i

b tw®

The proposed method, not introducing significant errors as a
result of measurements, affords s simplification and acceleration of
the obtaining of information on the microstructure of an aerosol.

This is accounted for by the fact that in determining parameters of
size-distribution functions of particles completely excludes microphoto-
graphing and determination of the dimensions of the image of each drop.
The microphotography method is used only in graduating a collector,
which must be done extremely carefully. By measuring the geometry of
the collector tube and the coating of the collector plate, we can in-
vestigate particles in mists and large and giant condensation nuclei

in the open atmosphere.

In conclusion, 1 regard it as my happy duty to express my grati-
tude to V. Ye. Zuyev for his manifold assistance in conducting this
'w“l
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