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ABSTRACT

-The operating characteristics of the Lauterbach and Dautrebande

" aerosol generators have been studied. The output, in terms of micro=-

liters _iof solution aerosolized per liter of air passing through the jet, was

not - appreciably affected by either the diameter of the jet orifice or the
concentration of the solution. The output increasedwith increasing pres=
sure drop, AP, across the jet orifice, approaching an asymptote éppar-
ently negligibly greater than the output at AP =50 psi. The median diam-
eters of the particle size distributions were unaffected by either orifice
diameter or jet pressure. They varied with solution concentration but to

a lesser extent than had been expected. Mass median diameters, how-

- ever, showed an effect of jet pressure as well as solution concentration.

The -air flow through the jet, the effect of a pre-humidifier on the
water vapor content of the jet air, the cooling effect of the jet air on the
generator solution, and the amount of water vapor carried away by. the

jet air were also determined and the results are discussed. e
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. OPERATING CHARACTERISTICS OF THE LAUTERBACH.
~ AND DAUTREBANDE AEROSOL GENERATORS
T. T. MERCER, M. I. TILLERY, and M. A. FLORES .

INTRODUCTION

- The exposure of experimental animals to an aercscl of a water=-solu-

ble, toxic material requires a reliable device for producing the aerosol

- at a constant concentration and with a constant particle size distribution

for the duration of the exposure. When radioactive substances of high
specific activity are involved, it is also wise to keep at a‘minimum.the , '

quantity of active material required to p'roduce the aerocsol.

The aerosol generators described by Lauterbach et. al. 3'a.nd by
Dautrebande ! frequently have been used in studies of inhalation toxiéity.
Various commercial nebulizers have been employed also, but to a lesser
extent, probably because of the large particle sizes they produce. The
present work was carried out as part of an experimental program de-
signed to expose animals to aefosols of several i'adioactiy_e iission pro=-
ducts. It was desired to use at least three different particle size distri-
butions having mass median diameters that varied by a factor of about '

five. In order to determine if this could be done with the generatoxrs men-

tioned above, a series of tests was carried out in an effort to establish . -

the relationships between the parameters of the jet system and those of

the aeroscl produced. This report summarizes the results obtained.

DESCRIPTION OF THE JET SYSTEMS

In the Lauterbach generator, a jef of air emerging at high velocity .

from a small orifice is directed across the surface of the solution to be N '

aerosolized. The quantity of air issuing from the orifice depends on iis

- diameter and the pressure dro;;) across it. The jet of air entrains a filas-



ment of solution, drawing it out to some unstable length at which it breaks
up to form droplets of various sizes. Depending on the dimensions of the
aerosolization chamber, large droplets are impacted onthe chamber wall
and returned to the original solution; smaller droplets are swept out of
the chamber and provide the particles for the aerosocl. At the same time,
the air stream carries away water vapor, causing the solution in the
generator to become progressively more concentrated, unless steps are

taken to compensate for this effect.

In the Dautrebande generator 1, Type D-30%, the action is similar,
although the physical arrangement is somewhat different. The air jet
flows from a tube protrudingfrom the center of the solution. A combina-
tion Venturi effect and capillary action draws solution over the jet and
the formation of droplets proceeds as with the Lauterbach generator. In
this case, however, the droplets not only may impact on the chamber
walls, but they are subjected to a scrubbing action as they pass through
small holes over which solution is constantly draining. The particles
that are available for the aerosol are consequently quite small. The
problem of concentrating the aerosol due to the evaporation of water

from the solution is the same as with the Lauterbach generator.

To reduce the effect of evaporation, the jet air can be passed first
through a bubbler to saturate it with water vapor. This does not elimi-
nate the problem of concentration of the solution, of course, because the
rvelative humidity of the jet air drops as the air expands upon leaving the
orifice. The expansion of the jet air and the evaporation of water cause

the solution to cool, which helps retard the water loss.

In the present work, the quantities of main interest were the amount
of material aerosolized per unit volume of air passing through the jet,
the particle-size distribution of the aerosol, and the effect of water
evaporation on the concentration of the generator solution. Since it was
anticipated that very high concentrations of radioactivity in the air would
be required to carry out the proposed exposures, it appeared essential
that the system operate with as small a volume of air as possible. In

order to minimize problems associated withthe handling of the generator,

*We are indebted to Dr. Lautrebande for generously providing us wzth
two of these generators with which to experiment.

-z-
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‘it was obviously necessary to reduce 'thé’volume of active solution as

much as feasible. Thus the eff1c1ency with which the jet aerosolized
solution was considered of great s1gmf1cance. The importance of particle

size distribution followed from the requxrements for providing aerosols

of markedly different mass median diameters Since both the concentras -

tion and particle size distribution of t_he aerosol were expected to vary

with the concentration of the generator soldtiop,‘»the rate of evaporation

of water from the solution was of inipor;ahce.

It was felt that a proper e&aluatioh of the performance of the various
jets would require a kﬁowledge of the velocity of the jet as a function of
pressure drop across the orifice; the effect of a pre-humidifier on the
water vapor content of the jet air; the coohng effect of the jet air in the

atomizer; and the amount of water vapor carried away by the jet air as a

" function of flow rate. In addition, of course, it would be necessary to

determine the amount cf aerosol p:odu,ced‘and its particle size distribu-
tion as functions of orifice diameter, pressure drop across the orifice,

and concentration of the solution being aerosolized. These things were

'determined for the Lauterbach and Dautrebande generators; the results

are presented and discussed below immediately after a description of the

experimental arrangement.

EXPERIMENTAL ARRANGEMENT

The experimental set-up is shown .'schema.ti'cally. in Fig. 1. Com-~
pressed air was dried and filtered through a membrane filter to remove
all particulate material. The air was fhen passed through a bubbler and.
exhausted through the jet of the ae‘rosol'genérator. The droplet-laden air
was then mixed with clean, dry, diluting air and exhausted either into a

28-liter mixing chamber, or through an electrostatic precipitator which

‘collected the total aerosol, or through an arrangement which made it
- possible to further dilute the air by a factor of tenbefore collecting sam-

_, ples for partlcle size analysm.

The initial work was carried out with a generator which in principle
was the same as that described by Laut-erbac;h et. al. 3 In detail, it was
somewhat different; being construcf:ed of lucite and having the jets set at
an angle to the surface of the solutlon, in order to a.llow the aerosols to

escape d1rect1y upwards.. Details of its constructmnwhmh are of concern

-3-



lH

uosIdWE

3uln Jiy dwng DuloINdM)

Jojonbay (°%

%

isd 02

0

10§DJ3Ud9
i 191Ul
i| AV 8r
“_ .
13}9WD}0Y W_-ﬂ- 19|1qqng
K |
Av buikig 10j041d12314 I etk = _
01}D§S01499|3 :
1 10 13quiny)
1 Buixiy 0} jososay
=il 1943wpjoy 1aquioy?)
Sl iy Buninpg buiy o)
T

S —

ede

ONIIdNVS 404
ININIONVHYVY TVINIWIHILX3
40 WvHOVIAQ JILVIN3HOS

R | ounmwh(u

dly passaidwo)



ia)

1L 9%

1n the aerosolization process are shown 1n Flg. 2. The Dautrebande gen=-

erator is descrlbed in reference 1.

"EXPERIMENTAL METHODS AND RESULTS

Au’ Flow Through the Jets. The jets. used with the Lauterbach generator
were made of stainless steel tubmg either 1/4" or 1/8'"# in diameter,

closed at one end and having an orifice’ approxxmately 3/16' fromthat end.

- The orifice dlameters which varied between 0. 0063" and 0.064", are in-

dicated in F1g 3. In the Dautrebande generator the orifice diameter was
0.043", '

¢lean, dry air was used in mé.king the air flow measurements. The
jetswere exhausted into a dry test meter, the'vovlume measurements being
made at an arhbient pressure of about 12.,4 psi and at approximately 22°C.
The pressure drop across the jeé was measured with a mercury manom-=
eter up to about 18 psi. Above that, the gauge readings at the regulator
were used, after correction for the p'ressure drop from the regulator to
the jet as measured with a mercury manometer. The volume rates of
flow were corrected to standard femperatﬁre and pressure and converted
to agEarent linear flow rates by dividing each by the cross-sectional area
of the appropriate jet orifice. These’a' apparent linear velocities are shown
in Fig. 3 as functions of the rat1o of -the pressure drop, AP, across the

Jet orifice to the ambient pressure, Pé,'- “

When a gas at temperature, Tl °K, and pressure, P1 psi, discharges

" through an orifice of area, a ci'nz, into a region at a pressure P <5 5 Pi’

the qua.ntlty of gas discharged per unit tune is given by%*

].:’1 .
= 26.4 @2 p=— gm/sec
i

where ¢ is a constant introduced to relate the true area of the orifice to .

its effective area. Taking T, =295°K, P, =P_+AP, and P_ = 12.4 psi,
and expressing the discharge in terms of the volume flow rate, Q, of air

%A modified version of the generator in Fig, 2 was built which could oper~-
ate with much smaller volumes of solution. It used the 1/8" Jets and the
air flows through these jets are mcluded here.,;

#*See reference 7, ‘page 267.

5.
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at standard temperature and pressure, the following equation is obtained
for the apparent linear velocity
Q/a = 1.49 x 10% a (1 + &) em/sec.
. a

i
For Pa>-2-

proportional to /AP,

Pi’ Q/a is no longer linearly related to AP, but becomes

The éxperimental results shown in Fig. 3 yield a straight line seg-~

‘ment for which
_ 4, AP
Q/a=1.32x10" (1 + ) cm/sec
a

suggesting a value of 0.89 for e, whichis quite reasonable if this constant
1
is interpreted as a coefficient of contraction. For Pa. > Pl, the curve

deviates from the straight line in the expected manner.

Cooling Effect of the Aspiration Process. Since it was intended to study

the degree of saturation of the jet air during the aspiration process, the
cooling effect of this process on the temperature of the solution was first
determined. This was done by using dry air to generate an aerosol and
measuring the temperature of the solution after it had come to equilib-
rium. The results are shown in Fig. 4 for the Lauterbach generator
using three different jet sizes, and for the Dautrebande generator. The
differences between the two generators in this respect are probably due

to differences in geometry and solution volume.

Water Loss as a Function of Flow Rate. The water vapor content of the

jetair was determined by connecting to the outlet of the generator a glass
wool filter followed by a calcium chloride drying train. The glass wool
filter removed the aerosol from the air stream. The drying train con=-
sisted of two similar tubes, filled with identical amounts of calcium
chloride, arranged in series. It was assumed that for a given run each
tube collected the same fraction, f, of the water vapor entering it. If
AWi’ and AWZ are the weight increases of the first and second tubes re-
spectively after the collection of water vapor from a known volume of air

containing a total of W grams of water vapor, then

-8-
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AW1 = {fW

AW, = £W (1-£)

: aw, aw,
From these equations, f = 1 = s and W = —r
1

The volume of air in which W was contained was determined by pass~
ing the air from the drying train through a dry test meter. The mass of |
water vapor per liter of air could then be determined. The pressure in
the aerosolization chamber was actually greater than ambient, due to the
presence of the filter and drying train. This pressure difference was de-~
termined as a function of volume flow rate using a mercury manometer. -
The water vapor content of the air was then corrected to the pressure of
the aerosolization chamber, with the results shown in Fig. 5. The solid
line represents the values for saturated air at the equilibrium tempera-
ture for the flow rates given. At the higher flow rates, the deviations of
the points from the expected values are probably due to the relatively
short sarmpling times which had to be used. Thus the solution was not at
temperature equilibrium for a good deal of the sampling period. Similar

results were obtained with the Dautrebande generator.

On the basis of these results, it was concluded that the jet air be-

comes saturated at the temperature of the generator solution,.

Effect of Bubbler on Jet Air. The problem of progressive concentration

of the solution being aspirated can be relieved to some extent by humidify-
ing the jet air before it reaches the aspirator. This is done by the inclu-
sion of a bubbler inthe compressed air line. The degree of humidification
of the jet air was determined at three different pressures for one jet.
The jet air was exhausted through a filter-drying train-dry test meter
arrangement and its water vapor content determined in a manner similar

‘to that above. The results are shown in the following table:

. -10-
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TABLE 1. Humidification of Jet Air by Means of a Bubbler

Water vapor** Equivalent

Gauge Pressure, AP, Flow rate* in content of air, saturation
at bubbler, psi liters/min mgm/liter temperature
30 15.3 18.8 21.6°C
20 11.5 . 18.3 21,3°
i0 7.2 19.1 21.9°
*Flow rate measured at arﬁbient pressure, Pa = 12.4 psi. P

%*%Total air volume corrected to bubbler pressure by factor -1-3——{-_-3-"—3-?.
a

The bubbler was at room temperature, 22-23° C, at the start of a
run, and dropped to 19° C at the end of a run. From this it was con=-
cluded that air passing through the bubbler was saturated at the temper-
ature of the bubbler. Other jets, for which the volume flow rates at these
pressures was less than for the jet used, could be expected to show a

similiar degree of humidification.

Aerosol Outputs of the Various Jets. Initially, the aerosol output was

passed through a baffle, consisting of a short length of glass tubing with
several constrictions in it, and into a 28-liter mixing chamber, where it
was mixed with dry air entering at approximately 20 liters per minute.
The baffle was intended only to take out very large drops of solution.
After mixing, air samples were taken fromthe chamber using membrane
filters and the amount of aerosol collected was determined from the in-
crease in the filter weight. The concentration of aerosol in the chamber
was calculated and corrected for the effect of diluting air to give the out-
put of solute per liter of jet air. Sodium chloride solutions of different
strengths were used. On the basis of the salt concentration in the gener~
ator solution, the jet output could be expressed in terms of microliters
of solution aerosolized per liter of jet air. This was done for each of
three jets at several different jet‘pressures and the results are shown in
Fig. 6, in which the output is expressed as a fraction of the average out-
put at 50 psi. These results clearly show that the volume of solution
aerosolized per liter of jet air is not significantly affected by the size of
the orifice in the range of sizes used here.

Under these conditions, some anomalies with respect to particle size

-12-

0



4 4.

Relative OQutput

. Relative Output

Relative Output

Fig. 6

1.0
8- Output of Lauterbach Generator
! X .013" yet
8 e .021" uw
O .032"
4 ‘ L : . : v
/o A relative output of L.O indicates S.1AL/L jet oir
/
0 1 1 1 ] 1
0 10 20 30 40 50

Fig.7

X
ox

Qutput of Lauterbach Generator

.013" Jet, 1% NaCl solution
02]" u 0 ‘
032 " 1]

Above symbol indicates 0% solution
Below symbol indicates 3% solution

ioot O X

A relative output ot 1.O indicates 5.5uL/L jet air

40 50
..Fig. 8

Output of Dautrebande Generator

X 10% NaCl solution
O 1% NaCi solution

A relative output of 1.0 is equivalent to 2.8uL
solution/L jet air at I% and ZOpL soluﬂon/L

jet air at IO%

1 | I ! | !

10 20 30 - 40 50
Jet Pressure in psi

Flg 6,7, 8 Relqnve Mass Outputs of the Lauterbach and Dautrebande Generotors
as Funcnons of the Pressure Drop Across the Jet Oriflce

. -13"“‘-*



distribution were observed and it was decided to make similar measure-
ments of the aerosol as it left the glass baffling tube. To simplify the
sampling problem, an M.S.A. electrostatic precipitator was used to col=
lect the aerosol. The collected sodium chloride was washed from the pre-
cipitator into a velumetric flask, the solution was brought up to volume
and aliquots were taken for analysis of the chloride ion content, using the

method described by SmitB.

. Different solution concentrations were used in order to see if this
factor was important to the generator output. The results are shown in
Fig. 7. Although the scatter is considerably greater, the overall result
is very similar to that of Fig. 6, indicating that for the range of values
studied neither jet size nor concentration has any marked effect on the
output of the Lauterbach generator. There was a concentration effect
noted with the Dautrebande generator (see Fig. 8), although the relative
output varied with jet pressure in a similar manner for the aspiration of

both 1% and 10% solutions of sodium chloride.

Particle Size Distributions. Merrington and Ric:hardson6 obtained the

following empirical relationship for the mean diameter of the droplets

formed upon the breakup of a jet of liquid issuing from a nozzle into the

atmosphere:

1/5/v

D =500v
where v is the kinematic viscosity of the liquid and V is the speed of the
jet relative to the air. On this basis, it would ap)pear that the output of a
generator, in terms of droplet size distributions, shduld not be affected
to any great extent by the concentration of the solution being aerosolized.
After a droplet of diameter, Ds’ evaporates to dryness, the solid particle

remaining should have a diameter, Dp’ given by

- 1/3
Dp = .806 D_ po/avpp)

where po and p are the densities of the solution and the particle respec~
tively, f is the mass fraction of solute in the original solution, and e, is
the ratio of the volume of the dry particle to D 3. Assuming a lognormal

distribution of particle sizes, the median diameter should vary as f1/3,

14
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while the geémetric standard deviation should remain the same. Lauterbach
et. al. found that the mass median diameters of the aerosols varied as
f1/3, but the geometric standard deviation did not remain constant, in-
creasing with increasing values of f{. Dautrebande 1, on the other hand,
found no 'diffe.rencé in particle size distribution for values of f between
0.01 and 0.35. The particle size work reported here was intended to in-‘
vestigate both this effect and the effectof jetpressure and orifice diameter

with respect to particle size.

Initially, the output of the aerosol generator was mixed with dry air
to dilute the particle concentration and introduced into a 28-liter mixing
chamber, from which it was subsequen:cly exhausted through a sampling
chamber in which the particle concentration could be further diluted.
Most of the samplingfbr particie size measurement was carried out using
a small electrostatic precipitator 5, although a few samples were taken

with a Casella thermal precipitator.

All particles collectedwere deposited directlyon carbon coated elec-
tron microscope grids. The samples were shadowed with chromium at
30° and electron .micrographs were obtained at the center of each grid
opening across the depositv, moving along the axis_o£ flow. Enlargements
were made from the micrographs and particle size measurements were
made directly from the prints. For the distributions reported in Tables
2 and 5, the len'gth of the side of the cubical particle was measured with a
ruler to the vnearest millimeter greater than the particle size. For the
distributions reported in Tables 3 and 6, the diameter measured was that
of a circle havingthe same area as the projectedarea of the particie. The
measurements were made with the aid of the Zeiss TGZ-3 particle size

analyzer. The latter measurement is about 13% larger than the former.

The particle size analysis yielded a series of measurements showing

N, particles of size D N2 of size DZ’ e ) andNk of size D It

v’ k’
was assumed that the measurements represented a random sample of

. particle sizes from a lognormal distribution and the following quantities

were calculated:
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in D =ZN. in D./ZN.
g i i i

i=1 i=1

k k

— ' 2 ‘
1nog-ZNi(1nDi- 1an) /(ZNi 1)

i=1 i=z1i

Dg is the median diameter of the frequency distribution and Gg is the

geometric standard deviation. To avoid errors in arithmetic, a program

was written for the Bendix G-15 computer and all distribution statistics

were calculated by the computer.

The results of samples taken from the 28-liter mixing chamber are

shown in Table 2 for the Dautrebande generator and in Table 5 for the

Lauterbach generator.

Because the effect of concentration onparticle size wasless than ex~
pected, a second series of samples were taken after eliminating the 28~
liter mixing chamber and the ducting leading to it. The diluting and dry-~
ing air was mixed with the aerosol as it left the generator. Samples were
‘taken at a point downstream from the generator outlet such that the time
elapsing between the mixing and the entrance of the aerosol intothe sam-
pler was about 0.1 second. Particle size analyses were made as already
described 'é\nd the results are shown in Table 3 for the Dautrebande gen-

erator and in Table 6 for the Lauterbach generator.

An effort was also made to make a direct determination of the mass
distributions of the aerosols. The radioactive isotope, Na24, was added
to the sodium chloride as a tracer and samples were obtained by means
of a cascade impactor4. The sampling conditions were similar to those
described in the preceding paragraph. The statistics obtained for each
of the distributions were the mass median ""aerodynamic diameter', /pG
Dm’ and the geometric standard deviation, Gg’ where p is the particle
density, C is the slip factor, and Dm is the mass median diameter. In
this case, the geometric standard deviation refers to the distribution of
mass with respect to "aerodynamic diameters'' and is somewhat less
than it would be for the distribution of mass with respect to geometric
diameters. The results of these measurements are shown in Table 4 for

the Dautrebande generator and in Table 7 for the Lauterbach generator.
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TABLE 2. Particle Size Distributions Obtained with the Dautrebande.

AP
PsI

Generator Exhausting into a 28-liter Mixing Chamber

Number of
particles measured*

Percent NaCl
in generator

Count median
diameter, D *%
g

10
10
10
20
30

1560
1507

1128

2569
2238

0.1
10.0
3.0
3.0
3.0

.06;4.‘
At
.09
.10
.10

* Samples collected by electrostatic precipitator.

Geometric
standard
deviation, ¢

1.82
2.16 -
1.96
1.92
1.94

#% "Diameter' refers to the length of the side of the cubical particle. ‘
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TABLE 4._ " Mass Distributions for the Dautrebande Generator as

Determined by Cascade Impactor

: Mass Median Geometric . '
AP Percent NaCl "Aerodynamic Standard Mass Median
PSI - in generator Diameter" Deviation, ¢ Diameter, Dm
10 0.05 0.32p - 1.55 0.14p
- o - 3 1/2 -~
(gm/cm”)
. 10 1.0 1 0.42 - 1.76 0.20
10 10.0 0.82 ~1.90 0.46

®
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TABLE 7. Mass Distributions for the Lauterbach Generqtor as

Determined by Cascade Impactor.

Mass Median
Diameter, Dm

Mass Median Geometric
AP*  Percent NaCl ""Aerodynamic Standard
PSI in generator Diameter" Deviation, og
10 0.05 0.69p - 2.04

: 1/2
(gm/cm”)

10 1.0 1.35 2.45
20 0.05 0.61 1.85
20 0.25 0.88 2.18
20 2.0 1.30 2.18
30 0.05 . 0.51 2.02
30 1.0 0.89 2.61

0.39p

0.83
0.34
0.51
0.79
0.26
0.52

*All aerosols were generated with the 0,013" diameter jet orifice and

sampled at generator outlet.
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Mass Concentrations. Smce the mass’ output is a functlon of jet pressure,

generator construction, ‘and the geometry of the accessory ducts and
chambers introduced between the pomt at whxch the aerosol is formed and
that at which it is sampled, the results obtamed with dtfferent generators
can be expected to be only roughly comparable Thus Lauterbach et. al. 3
obtained an output of 6.8 m1cr011ters/11ter of Jet air at 20 psi with no
apprecxable effect due to the concentratlon of the generator solution. In
the present case, an output of about 5.0 m1crohters [liter of jet air was
obtained under similar c;rcumstauces._ Th‘eﬁd;fference is almost certainly
due to the fact that the diameter'df'the aerbsolization chamber of the
present generator was 5/8', " whereas the aerosolization chamber of

Lauterbach's generator was several mches in diameter.

The advantage in output gamed b‘y inéreasing the pressure drop, AP, '
across the jet orifice must be wexghed agamst the disadvantage due to the
increased loss of water vapor. If a bubbler is used as a pre-~humidifer,
then, ignoring the cooling of the solution,’ the expanding jet air will have
a water vapor deficit per liter of ‘air—proportienal to AP/(AP + P );Where
Pa is the a'rrtbie'nt pressure. Smce the output does not increase appre-
ciably above 30 p51, and since. partlcle 31ze dlstmbutlon is not markedly

affected by jet pressure there appears to be httle advantage in operating

)

-at jet pressures greater than 30 p51

T

‘The data presented above maké it posSible to design an aerosolizing
systemto{it the demands of a g1ven exposure set- up for inhalation toxicity

studies. For a given rate of flow of contammated air, the jet size can be

" determined from Fig. 3. The requ1red water vapor content of the air

can be determined from Fig. 5 and the water vapor deficit calculated if a
pre-humidifier is used. .Eor a ‘g,enle_rator of the Lauterbach type, the
water deficit can be made up in. .the"\fdl'low;ing way. A distilled water res-
ervoir is set up in parallel to the solutmn reservou and connected to it
through a small hole at the base of the reservmrs.—l The liquid levels of
the two reservoirs are 1n1t1a11y the same. As solutmn is used up, the

levels decrease together, feedmg chsttlled water mto the solution reser-

‘voir. The rate at whmh the d1st111ed water 1s fed m is determined by the

' ! '
Pt
o
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relative cross-sectional areas of the two reservoirs. Using this system,
a miniature Lauterbach generator was constructed, which operated on an
initial volume of solution of four milliliters. It was found to work satis-
factorily, with a negligible back flow of active solution into the distilled
water reservoir. .However, before a thorough investigation of this gen-
erator could be carried out, it was made superfluous when it was found
that an appropriate baffling system on the jet could greatly increase the
generator output and minimize water vapor losses. This system will be

the subject of a separate report.

Because of its low mass output per liter of jet air, no effort was

made to adapt the Dautrebande generator to the present problem.

Particle Size Distributions - Dautrebande Generator. The results with

the Dautrebande generator arenot inagreement with Dautrebande's workl,
since there is a definite change in the count median diameter as the solu-
tion concezlnjtration changes. Two factors inay be contributing to this dis~
agreement. The conclusion reached byDautrebande was apparentlybased
on the qual;itative sirilarity of ti;e distribution curves, which might well
have exhibited differences quantitat}zely (see, for example, ref. 1, p. 11).

Also, he attributes the similarity of his particle size distributions to

"obliigatory liquid filtration', which may not have been functioning opti-‘

mally in the present case. This form of filtration occurs when droplets
of solution, suspended in air bubbles, are carried through a column of
water. In the saturated atmosphere of the bubble, the droplets grow at a
rate which depends, among other things, on the concentration of the
solute in the droplet. Thus, for a given droplet size, the greater the
initial concentration the greater will be the rate of growth of the droplet
and the greater will be the likelihood of its loss in the water column. The
D30 generator used in this study has a minimum water "column'' and
filtration is doubtless less effective than in most of the generators used

in the work cited by Dautrebande.

The mass median diameters obtained by cascade impactor agree sur-
prisingly well with those calculated from the frequency distributions,

leaving no doubt of a concentration effect.

Particle Size Distributions - Lauterbach Generator. Although they did

24~
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‘median diameter to a lesser extent than expected on the basis of an f

~at 10 psi as at 30 psi.

’

_notmake direct measurements of the "mé.;ss, distributions, Lauterbach et.

al. 3 eXpressed their results in t'erm‘e of the mass median diameters and

. geometnc standard deviations of the partlcle size distributions, deriving

these quantities from measurements made on electron micrographs of
samples obtained by means of a thermal precipitator. When correspond-
ing countmedian diameters are calculated, they are found to be 0. 09p and
0.04p respectively for 10% and 0. 1% sodxum chloride concentrations.
'I‘hese are in reasonably good agreement with the values shown in Table
5 for samples taken under vs1m11ar COIIdlthn*S (i.e., a 0.013" diameter

jet orifice and a AP of 20 psi).

The jet orifice diameter and the _press.u,re drop have little effect on
either the median diameter or the geOmetric standard deviation of the
frequency distribution. The concentratlon of the soluuon affects the cou}n;;
relationship. For instance, 100-fold mcreases in concentration usually
caused changes of about 2.5 times in the counted median diameters, com-~
pared with an expected value of 4. 65 timés. On the other hand, the geo=-
metric standard deviations, which were ' not expected to be affected by
concentration changes, were found to incfease with increasing concentra-
tion. Both of these observations sugges't that the aseumption of a log~
normal distribution of particle sizes may not be valid.

Unlike the count media;_n' dia'rriete’fs,:' the mass median diameters, as
obtained by cascade impactof,-lsho&"elffe‘cts‘ due to jet pressure as well
as those due to soiution concentration.’ For a given concentration change, _ -

the change in mass median diameter was found to be 75-85% of the ex~

- pected value. For a given concentratmn, ‘the mass median diameter de= -

- creased with increasing jet pressure, bemg about 1i- 1/2 times as large

SUMMARY AND CONC LUSIONS

The . operatmg characteristics of the Lauterbach and Dautrebande

aerosol generators have been studied with' respect tothe amount of aerosol

produced and its particle size d1str1b‘ut-1o_n as functions of the diameter of

the generator's orifice (jet), pressure drop across the orifice, and the
| i
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concentration of the solution being aerosolized. The air flow through the
jet, the effect of a pre~humidifier on the water vapor content of the jet
air, the cooling effect of the jet air on the generator solution, and the

amount of water vapor carried away by the jet air were also studied.

It was found that the output of the generators, expressed in micro=
liters of solution aerosolized per liter of air passing through the jet, in-
creased with the pressure drop, AP, across the jet, approaching an
asymptote which was apparently negligibly greater than the output at AP
= 50 psi. Above 30 psi there was relatively little increase in output with
increasing AP. Neither the diameter of the jet orifice nor the concentra=-

tion of the solution had an appreciable effect on this output.

With respect tothe particle size distribution, the count median diam-
eters were not affected by either orifice diameter or jetpressure. Changes
in solution concentration affected the count median diameters, but not as
much as had been expected on the assumptmnthat they should vary as the
cube root of the concentration. Moreover, geometnc standard deviations,
which, onthe same assumption, should have been unaltered by concentra-
tion ~change"s, were found toincrease withincreasing concentration. Mass
median diameters, obt ained bycascade impactor, showed similar changes
with respect to concentration, but exhibited an effect of jet pressure, de~
creasing with inc reasing pressure. The results indicated that the assump-

tion of a lognormal frequency distribution may not have been valid.

A pre~humidifier was found to saturate the jet air at the pressure
behind the orifice, leaving a post-expansion water vapor deficit per lifer
of jet air proportional to AP/(AP + Pa)‘ ‘ Depending largely on the geo-
metry of the aerosolization chamber, this deficit was somewhat reduced
by the cooling effect of the expanding jetliair and the evaporating water;
however, :e progressive concentration of the generator solution still

occurred.

An emp1r1ca1 relationship between the apparent linear velocity of air
through the jet and the ratio of pressure drop across the jet to ambient
pressure was obtained which, cor':ubmed with the other information avail-
able thh respect to the output of the- Jets, makes it possible to design

generators of predxctable operatmn.
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