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It is shown that the devised laboratory method of testing atomizers
enables a correct determination not only of the relative, but also of
the absolute, values of the parameters of the droplet size distribution,

The éfficiency of the atomizers used for the disper-
sion of liguids in various technical processes depends
on the droplet size distribution. The determination of
this distribution, however, involves considerable dif-
ficulties. These difficulties are due to the need of us-
ing fast shutters, which distort the local droplet size
distribution [1], the need to determine the average
droplet size distribution for the jet of aerosol from
the results of local measurements, errors due to
possible fractionation of the droplets on impact on the
collecting surface, inaccuracies in the conventional
microscopic method of counting and measuring the
droplets, and so on. 7

We have devised a stand method of determining the
droplet size distribution in atomizer tests. This
method, which involves the deposition of the droplets
on a collecting surface and the use of a fast shutter, is
obviously not free from the distorting effect of the
above factors. To assess the over-all effect of these
factors, i. e., the degree of reliability and the ac-
curacy of the stand method, we carried out measure~
ments of the droplet size distribution in a standard
aerosol not only by this method, but also by two other
fundamentally different methods. Below we give a
brief description of the methods used and the results
of the comparison.

The setup of the stand method is as follows. The
frame 1 (Fig. 1) supports a wind tunnel 2 of radius

Ry =375 mm and with a working region 2400 mm long,.
A fan 3 mounfed on the axis produces an air flow with
an average speed of 10 m/sec, which is regulated by
means of diaphragm 4. At the rear of the tube and sit-
uated vertically along a diameter there is a tube 5 of
diameter D = 12 mm, which slides freely in guide bush-
ings in the walls. Inside the tube 5 there is a fixed rod
6, the end of which is fixed to an arm 7. In the tube 5
there is a rectangular aperture 8 facing the air flow.
The flat working surface of the rod 6, 700 mm long and
5 mm wide, which also faces the flow, is coated with
a layer of soot ~1 mm thick covered with a thin layer
of magnesium oxide.

The investigated atomizer P is mounted at the en-
trance to the tunnel and produces a jet of aerosol 12,
coaxial with the tube. The droplets suspended in this
jet are entrained by the air and spread over the cross
section of the tunnel. On meeting the tube 5 some of
the droplets flow around it with the air and some land
on its surface owing to their inertia. When the cock 9
is opened by hand the tube 5, connected to the water
cylinder 10, drops under the weight 11 from its ex~
treme upper position to its lower position. The slit 8
exposes the working surface of the rod 6 for a fraction
of a second and the investigated droplets land on this
surface. They penetrate the layer of magnesium oxide
and form round prints on the soot layer. The black
prints on the white background can easily be seen and
measured under the microscope.

1f the process of atomization is steady and symmet-
rical relative to the tunnel axis the surface count nj of
droplets of the i-th class (i. e., with radius from

Table 1
Experimental Conditions
Operating condi-|  Parameters of
tions liquid o)
=
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No, of | S O E s g o | e = | Method of de- | Total number
experi- .‘g “3’ :“ ; o= § § “,5; ;‘N ";35' termining size | of measured
ment ~Sg81S8=81| = S |2 8| & .| distribution droplets
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o2 3| Z >l el il alE g3
Bl E® SN T e 2 B
2 H|f S| F|s|eld |&F
1 2250 3.60 |1.17§11.0160 }2901 98,8 291 Stand 1400
2 2270 3.60 |1.17111.01 60290} 98.8 291 " 1400
3 2250 3.55 11.17)11.0}1 601290 § 99.2 | 292 " 1400
4 2280 3.55 {1.17)11.0] 601290]99.2 | 292 " 1400
5 2200 3.45 |1.17[11.8] 61 [ 296 93 299 | in closed room 10000
6 2200 3.60 |1.17{11.8] 61296} 92.5} 297 Tom 10000
7 2200 3.55 J1.17|11.8] 61)297| 93.6 | 298 " 10000
8 2200 3.50 {1.16[11.01 59296} 92.6 { 296 in field 20000*

*Such a large number of droplets measured in the field experiment is required to smooth
out the fluctations of the aerosol deposits (see [9]).
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Timin 10 Tijax deposited on the rod 6 is equal to the
number of these droplets flowing per second through
unit area of the middle cross section of the tube 5 mul~
tiplied by the duration of exposure and the capture
factor:

n; = u; (R) ¢; (R) 7o

The total number of droplets of the i~-th class pro-
duced by the atomizer in time 7is found by integration
over the cross-sectional area of the tunnel 2:

R,
N, =i_“§ Rn, (R) dR. (1
t 0

The working surface of the exposed rod, which is
divided into 14 sections each 50 mm long, is examined
under the microscope. A strip of 3 x 50 mm in each
section is examined. On this strip the prints of 100
droplets are counted, measured, and divided into size
classes. The area examined is determined by means

of the mechanical stage. The rest of the strip is exam-

ined for prints of larger droplets. The relative weight
of each class of droplets gj is found from a formula
similar to (1). The capture factor «j = f(Stkj) [1],
which is contained in this formula and which allows for
the incomplete deposition of the droplets on the rod
owing to their entrainment by the air flow, is deter-
mined approximately from Langmuir and Blodgett's
graph for flow around a cylinder ([2], Fig. 46). This
graph can be used if the speeds of the droplets and air
in front of the cylinder are the same. In our case the
speed of the large droplets uj(R) in front of the tube 5
may greatly exceed the air speed uy. However, for a
stand with the given parameters the value of oj is
much less than unity only for very small droplets (rj <
< 30 u). Calculations of the motion of these droplets
(similar to those given in [3], for instance) show that
in typical conditions the speed u;(R) of these droplets
in front of the tube is close to the air speed uy, which
is contained in the expression for Stokes criterion.
Hence, from this viewpoint the use of the mentioned
graph is valid. It should be noted, however, that this
graph relates to flow around a stationary cylinder, but
in our case the air flows round the moving tube 5, the
droplets pass through the aperture in it and land on the
fixed inner rod 6; hence the correction introduced by
means of this graph is only a first approximation. In
the case of a hydraulic atomizer the air speed uy is
approximately constant over the diameter of the tunnel
2 and is equal to the mean air speed in it, i. e.,
10 m/sec. In the case of a low-power air-jet atomizer
the turbulent jet of aerosol produced by it is propa~
gated within the tunnel 2 in the wake of the air. If the
increase in air speed on the axis of the tunnel 2 in
front of tube 5 due to this jet is slight (not more than
30%, for instance), it can be neglected in the determi-
nation of ¢j. In the opposite case we determine the air
speed profile in the tunnel and calculate the local val-
ues of ¢4 in accordance with this profile.

The radius Ry of the tunnel is chosen so that for the
given working length and mean air speed of 10 m/sec
the largest droplets (with radius up to 200 p) do not
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strike the bottom before reaching tube 5. If larger
drops are present, the setup has to be altered, by put-
ting the tunnel 2 in a vertical position, for instance.

The settling of the droplets destroys the symmetry
of the process to some extent. The effect of seftling
is reduced by determining the value of n; as the mean
for pairs of rod sections, upper and lower, equidistant
from the tunnel axis.

The speed of the tube 5 and the width of the rectang-
ular aperture 8 should be chosen so that the greatest
ratio of the total area of the droplet prints to the area
of the working surface of the rod 6 is 0.05—-0.1. The
probability of the superposition of the prints of two dif-
ferent droplets is fairly small in this case. For a lig-
uid flow rate of 3 I/min, mean droplet radius 25y, and
width of 4-mm aperture the required speed of the tube
5is 0.2—0.4 m/sec.

The method of determining the size of droplets
from the size of the prints formed on a surface coated
with a layer of soot or magnesium oxide is well known
and is often used. According to the results of experi-
ments, for a layer of soot three times as thick as the
radius of the droplet of liquid, irrespective of its phys-
ical and chemical properties, and a droplet speed of
5 m/sec or more for dfoplets of radius more than 10 y
the ratio of the radius rg of the print to the droplet
radius r is, according to [4], ~1.0 or, according to
[5], ~1.20. We took the value rg/r = 1.1.

As a standard atomizer we used an AG-L6 agricul-
tural aerosol generator with an angled nozzle [6]. The
liquid (water-glycerol mixture containing 60% glycerol)
was fed by gravity into the narrow section of the Ven-
turi tube through a discharge nozzle and was atomized
by a rapid stream of air driven through the nozzle by
an air blower powered by a gasoline motor, The diam-
eter of the outlet section of the nozzle was 80 mm and
the air speed in this section was 27 m/sec.

The second method of determining the droplet size
distribution involved deposition of the droplets in a
closed room [7]. For this purpose we used a concrete
storeroom with dimensions 11x 11 X 3.5 m. An auto-
mobile with an operating AG-L6 generator was driven
at a speed of 9 km/hr past the slightly open door of the
storeroom. From the nozzle of the generator, which
was pointed horizontally in the direction of the door, a
relatively small number of droplets entered the room
and were deposited on the floor. At 100 points on the
floor glass plates coated with a fine layer of silicone
were placed [8]. After the experiment the plates were
examined under the microscope and the size distribu-
tion of the deposited droplets was determined (with due
regard to the area of the floor covered by each plate)
and assumed to be equivalent to the size distribution
of the droplets produced by the atomizer.

In the third method [7] the droplet size distribution
was determined from the deposits of a wave aerosol
in field conditions in a very light wind (~0.2 m/sec)
and stable state of the bottom layer of the atmosphere
(inversion). An AG-L6 generator mounted on a truck
moving along the edge of the experimental area (500 x
x 500 m) approximately perpendicular to the direction
of the wind produced a wave of aerosol, which was car-
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Fig. 1. Diagram of stand for atomizer tests.
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Fig. 2. Comparison of theoretical and empirical distributions.
Experiment No. 8.
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Fig. 3. Comparison of theoretical and empirical distributions.
Experiments 1—-4 (a) and 57 (b). The numbers of the points cor-
respond to the numbers of the experiments.

ried by the wind onto the area. The nozzle was hori-
zontal, perpendicular to the motion of the car, in the
direction of the wind and was 1.6 m above the ground.
The area had 209 control points, each with a glass
plate coated with silicone. (Such a large number of
. control points is required to smooth out the fluctua-

tions of the depositions of aerosol [9]). After the ex-
periment the plates were examined under the micro-
scope in the same way as in the second method.

We conducted eight experiments altogether: four
(Nos. 1—-4) by the stand method, three (Nos. 5-7) by
the method of deposition in a closed room, and one
(No. 8) by the {ield method. The experimental condi-
tions are indicated in Table 1.

The table shows that in experiments on the stand
the barometric pressure was a little higher than in the
other experiments and the air and liguid temperatures
were a little lower. These differences partially com-
pensated one another from the viewpoint of the quality
of the spraying. The other conditions were practically
the same. In the second and third methods the number
of measured droplets was much greater than in the
first method.

The experimental results—empirical distributions
of the weight of sprayed liquid as regards droplet
size—are given in Table 2. This table shows that in the
field experiment (No. 8) we obtained a "tail" of large
droplets with radius of 250 to 416 u, which, however,
made up only a small fraction of the weight of the lig-
uid (about 1%). In experiments Nos. 5-7 (in the room)
the largest droplets found had a radius of 250 p, while
in the stand experiments they were only 150 4. In all
the experiments, however, the weight fraction of the
liquid contained in droplets of radius more than 150 u
was small (not more than 9%), i. e., the observed dif-
ferences from the quantitative viewpoint are of minor
significance.

A quantitative comparison of the obtained empirical
distributions would be greatly simplified if we knew of
some theoretical law describing it, even approximately.
This question is of great independent interest.

We assumed that when the liquid is finely divided by
the fast air flow in the nozzle of the AG-L6 generator

the size distribution of the formed droplets is described
approximately by a logarithmic normal law, i. e., that
the density of distribution of the weight of the liquid as
regards logarithm of the droplet radius is

N 1 (lgr —ligr,\?
Ggr) = - — m
e = svem exp{ 2 (g op ]
or
F == ‘ = T i “5’ ,?__ — =
(2) _ij(t) dt 5 l: % ‘j‘ exp (—1%2) dt]]
Lt

<

where

lgd =1/ (lgr —lgra)?
e=(lgr—lgr,)/1gs.

To test this hypothesis we compared the experi-
mentally obtained empirical distributions with the cor-
responding logarithmic normal distributions. Figure
2 shows the corresponding graph for experiment No. 8.
The points show the empirical integral distribution
Zgi = flriyay» While the continuous line shows the
logarithmic normal distribution F(e) = f(xr). In both dis-
tributions the weight median radius of the droplets
Ty = 55.1u, and the logarithm of the standard geomet-
ric deviation is log § = 0.314.

The graph shows a perfectly satisfactory agree-
ment between the empirical and theoretical distribu-
tions.

Figure 3 shows the corresponding graphs for ex-
periments Nos. 1—4 and 5~7. To exclude the effect of
differences in rpy, these graphs are presented in dimen-
sionless form. The agreement between the empirical
and theoretical distributions is again quite satisfactory,
i. e., our hypotheses can be regarded as confirmed.

In view of this we can present the results of each
experiment by the corresponding values of the two pa-
rameters which determine the logarithmic normal dis-
tribution: the weight median droplet radius ry and the
logarithm of the standard geometric deviation log §.
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The values of these parameters for each of the experi-
ments are

No. of experiment

1
rm, 50.5 46.9 52.3 42.7
Igs 0.292 0.282 0.263 0.279
No. of experiment 5
m, M 50.1 66.1 52.4 55.1
lgé 0.276 0.294 0.296 0.314

Unfortunately, experiment No. 8 was the only one
conducted by the field method and, hence, can be used
only for qualitative comparisons; however, the results
of experiments Nos. 1-4 (stand method) and 5-7
(measurements in a closed room) can be compared
statistically, by the analysis of variance, for instance
([10], p. 40).

Treatment of the data by this method showed that
differences in the values rp, and log §, obtained in the
experiments Nos. 1—4, on one hand, and 5—7, on the
other, are statistically insignificant, i. e., these dif-
ferences lie within the limits of accuracy of the mea-
surements.

The fact that measurements of the same object.
by fundamentally different methods gave statistically
identical resulis indicates that each of these methods
and, hence, the stand method gives correct results.

This also indicates that the over-all systematic ef-
fect of the distorting factors (effect of fast shutter, etc.)
is small in comparison with the chance errors in each
of the tested methods.

A statistical analysis of the data by the small-sam-
ple method ([10], p. 297) showed that when the droplet
size distribution was determined three times on the
stand the error in determining rm did not exceed +209%
at the 90% level of significance. In the case of two
measurements the error was excessively large. The
measurements had to be repeated at least three times.
The values of log § have a smaller error than the val-
ues of ryy- According to the results of an analysis by
the small-sample method, the accuracy of the stand
measurements is greater than in the case of the much
more laborious measurements in a closed room.
Moreover, the latter method can be used only with
nonvolatile ligquids.

In view of the results obtained we can recommend
the devised stand method for practical application.

NOTATION

ui(R) is the speed of droplets of i-th class at dis-
tance R from tunnel axis in front of collecting rod; ug
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is the air speed in tunnel; Nj is the number of droplets
of i-th class produced by atomizer in time 7; r is the
droplet radius; rd is the radius of print of the droplet;
Ti, Tipax Timin are the mean, maximum, and mini-
mum radii of droplets of i-th class; rm is the weight
median radius of droplets; Ry is the radius of tunnel;
ci(R) is the volume concentration of droplets of i-th
class at distance R from the tunnel axis in front of col-
lecting rod; nj(R) is the surface concentration of de-
posited droplets of i-th class on the working surface
of the rod at distance R from the tunnel axis; gj is the
relative weight of droplets of i-th class; o = f(Stky)

is the capture factor for droplets of radius r; flowing
around the tube; Stkj = ZpLuaxzi/%D; Py, M, O are the
density, viscosity, and surface tension of the liquid;

7 is the viscosity of the air; D is the diameter of the
stand tube; &(g) is the probability integral; & is the
standard geometrical deviation; F is the integral func-
tion of distribution of weight of liquid as regards the
logarithm of droplet radius.
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