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CLCUD CONDENSATION NUCLEI.

A. G. Laktionov.

Institute of applied geophysics.

Page 48.

In the process of their development of cloud passes a series of
stages. During the first stage of the development of all cloud
species (includiny of fog) as a result of the cocndensation of water
vapors on the most active condensation nuclei cccurs the formation of

the cloud spectrum with the determined concentration of drops.

The determination of concentration and spectrum of cloud
condensation nuclei was conducted by us by the flow photoelectric

meter of cloud nuclei [5].

Near the ground of investigation were conducted near Moscow in
region g. Obninsk during September 1965, in region g. Zvenigorod
during April 1969 and in summer near Kiev in region of Borispole

during July - August 1966 and 1967. In all cases of measuremsent are

R e o . = T O
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carried out with following supersaturatiom 0.1; 0.16; 0.25; 0.4;

0.63; 1; 1.60/0.

The numerous measurements in different season and in different
regions showed that majority of the obtained integrated spectrums of
nucleus concentration of supersaturation in the range of

supersaturation from 0.1 to 1.60/0 it is not possible to describe by

the simple power dependency, proposed by Twomey.

Conge i M 00




DOC = 77115601 PAGE ~4— 3
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Pig. 1. Spectra of the integral concentrations of condensation nuclei

of supersaturation. 1 - near the ground, 2 - at height 200 =, 3 - at

height 4000 m.

Page U49.

Figure 1 gives an example of the characteristic integral distribution
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of nucleus concentration of supersaturation, obtained near the ground

of atmosphere.

In integrated spectrum it is possible to isolate three
characteristic sections, divided by the regions of curve knee. The
initial region of the spectrum of nuclei in the region of 1low
supersaturation can be approximated by exponential function with the
exponent, which varies from 0.7 to 2.0. The initial region of the
spectrum of nuclei is arranged in the region of supersaturation to
0. 2-0.60/0. The second region of the spectrum can be approximated by

pover dependency with exponent K < 0.7. This course of a change in

nucleus concentration from supersaturation is cbkserved in the range

of supersaturation from 0.2-0.6 to 1-1.60/0.

In the half of the obtained near the ground of air spectra of
condensation nuclei is exhibited the third section with more rapid
than in the second section, by an increase in nucleus concentration,
that occurs with an increase in the supersaturation. This section
begins from the values of supersaturaticn 1.0o/c. Given in Fig. 2
calculated on the basis of the measured integrated spectrun
differential spectrum has clearly expressed maximum, wvhich lies at
the region of supersaturation 0.2-0.50/0, and second maximum,

arrange/located in the region of supersaturation more than 1.60/0.
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The integral distribution function of nuclei according to
supersaturation in the region of the first maximum can be

approximated incomplete y-function with the parameter a, which varies

from 1 to 10.

By the method, described above, produced the study of cloud
condensation nuclei in free-air conditicns from aircraft.
Concentration measurements of nuclei are carried out in the same
range of supersaturation (0.1-1.60/0) during June - July 1966, during
July - August 1967 and during July ~ August 1968. The spectra of
condensation nuclei were measured at levels 200, 1000, 2000, 3000 and

5000 m above the surface of the Earth.

e o
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Pig. 2. Differential spectra of condemsation nuclei on

supersaturation. 1 - at height 200 m, 2 - at height 4000 m.

Page 50.

[ ) ~

All 32 soundings of atmosphere conducted. Most of all soundings it is
carried out in center section ETS [L7C - Buropean Territory of the

Union] in the region of Kiev - Kursk, part of the soundings of

atmosphere is made in the region of righi, Murmansk, Arkhangelsk.

The analysis of the obtained materials showed that in summer
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above the central regions of ETS in layer 200-1000 m of concentration
and the spectra of nuclei virtually do not change on height and
coinciding with concentrations and spectra of nuclei near the ground
(Fig. 1). In layer from 4000 to 5000 m the integrated spectrums of
cloud condensation nuclei can be broken into twc sections. the
original region of the spectrum to 0.6~1.00/0 is approximated by

povwer dependency with the exponent, which varies from 1 to 2. On the

second section after the region of curve knee spectrum also can be

approximated by power dependency with exponent less than 1.

The differential spectrum of condensation nuclei (Fig. 2),
arrange/located in layer 4000-5000 m, has one maximun,
arrange/located in the region of supersaturation 0.6-1.00/0. The
comparison of the spectra at heights 200-1000 and 4000-5000 m it
shows that with an increase in altitude faster (30-100 times)
decreases the concentration of the most active condensation nuclei,
which are exhibited with supersaturaticn from 0.1 to 0.3-0.60/0.
Concentration least active from the measured nuclei (S = 1.60/0)
decreases 10-20 times during transivion from height from 100 to 4000
m. Most slowly (in all 2-3 times) occurs decrease with height in
layer 100-4000 m of nucleus concentration, active in region
supersaturation 0.7-10/0. This behavior in the atmosphere of the

different fractions of cloud condensation nuclei to us is presented

by extremely interesting.
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In spite of the quantitatively different rate of the decrease of
nucleus concentration with height, in nine cases of sounding, made in
daytime hours in summer 1966, was recorded the qualitatively
ident ical character of their change. Simultanecusly with the
measurement of nuclei were carried out concentration measurements of

aerosol particles 20 upum in diameter.

Figqure 3 shows the simultaneously measured changes in the height
of the concentration of the cloud nuclei, active with supersaturation

S = 0.30/0 (curve 1), and particles of aerosol 4 = 20 um (curve 2).

From shape of the curve in this figure, it is evident that the

decrease of the concentration both of particles of the aerosol and

cloud nuclei occurs in the atmosphere nct monotonically.

Of the rate of the decrease of particle concentration with
height above land in summer in daytime hours distinctly
separate/liberated three layers. In lover layer, to 1.5 km, which
occurs powerful convective mixing, particle concentrations slowly
decrease wvwith height. In the second layer, from 1.5 to 3 km, the
intensity of vertical turbulent mixing is small and, furthermore, in

this layer are developed the clouds, vwhich lead to the washout of

T
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cloud condensation nuclei. Both these reascns contribute to the rapid
decrease of the concentration of particles of the aerosol both of

giant (d = 20 um) and cloud condensation nuclei.

Page S1.

In the third layer, above 3.5 km, the concentration of cloud nuclei
it is little affected with height. In this figure is shown the course
of change with the height of the concentration of Aitken's nuclei
(curve 3), of Ye. S. Seleznevoy's data [4]. The comparison of the
shape of the curve 1-2 and of curve 3 in lower layer shows that the
concentration of Aitken's nuclei in this same layer changes with
height considerably faster in comparison with the concentrations of

cloud nuclei and giant aerosol particles.

In work [4) it was shown, that the decrease with the height of
the concentration of Aitken's nuclei (Ngo = 103-10% cm-3) in essence
is explained by the coagulation of particles. The velocity of
coagulation is proportional to the square of concentration; therefore
a coagulating decrease in the concentration of the cloud nuclei,
active with supersaturation 0.3c/0 (N = 300 ca-3), little. After
examining the reasons, which lead to a change in the concentration of
particles of the aerosol with height, it is possible to be returned

to the explanation of a change in the spectrum of cloud nuclei during
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transition from 100 to 4000 m (Pig. 2). Considerable decrease at

height 4000 m in comparison with an increase at height 200 m of the
concentration of low-activity nuclei, S =z 1.60/c (concentration of

these nuclei at height 200 m is equal approximately 1103 cm-3),
occurs analogous with decrease with the height of the concentration
of Aitken's nuclei in essence because of the cocagulation of

particles.

The slowest change with the height of nucleus concentration,
active in region supersaturation 0.7-1.0o/0, apparently, is connected
with the fact that with a decrease in the initial concentration
sharply falls the velocity of the coagulation of such particles, and,
cn the other hand, a quantity of such nuclei is increased because of
the coagulation of smaller particles; furthermcre, these low-activity
nuclei slowly are eluated from atmosphere. By the most important
factor, which leads to a sharp decrease in the most active
condensation nuclei (S = 0.3-0.60/0), is their rapid vashout froa

atmosphere clouds and precipitation.

e e N Sl Ml
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Pig. 2. Change in the height of the concentrations of cloud

condensation nuclei, active with supersaturation S € 0.30/0 (1),
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aerosol particles 20 um in diameter (2) and Aitken’s nuclei (3).

Page 52.

To evaluate the values of the supersaturation, which appear in
clouds, wvere conducted during July - August 1968 measurement of
ccncentration and spectra of nuclei under clouds and of the
concentration and spectrum of drops in the lower part of the
generating cumulus clouds the method, described in [6]. As an example
are given the measured during the same days spectra according to the
supersaturation of the cloud condensation nuclei, which are contained

in subcloud layer (Pig. 4), and the spectra of the size/dimensions of

drops, vhich are located in the lower half of the cumulus clouds
(Fig. S5), measured in two essentially different regions: in the city
distric of Arkhangelsk, arrange/located on the coast of white sea,
and in the center section of the European territory of the USSR in
the city distric of Kiev. Lower boundary of the cumulus clouds,
measured in the region of Arkhangelsk om 11 July 1968, wvas
arrange/located on height 200 m. Power/thickness of clouds from 400

to 700 m. Lowver boundary of the cumulus clouds, measured on 18 July

in the region of Kiev, was arrange/located on height 900 m. 7%c

(//'u:/ /u_)(('l' /S 300~ 500 v
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Fig. 4. Spectra of the integral concentrations of condensation nuclei
of supersaturation in the subcloud layer on 11 July 1968 in the

region of Arkhangelsk (a) and on 18 July 1968 in the region of Kiev

(b).

Page 53.

As already mentioned earlier [6], the concentrations of drops at just

one level in cloud were distributed substantially unevenly, the

maximum concentrations of drops are observed in the zones, the

temperature in which is somevhat higher than in the surrounding parts

of the cloud at the given height. These zones are interpreted [3] by

convective jets or upflows in cloud.

The measured spectra of the size/dimensions of drops in streanms
and outside streams in clouds are shown in Fig. 5. As can be seen
from this fiqure, the total integral concentration of drops whose
diameter is is more than 5 um in streams 3-4 times higher than the
concentration of the drops, arrange/located in cloud outside streaas,
which will agree with obtained previously data [6). From the

comparison of data given in Pigs 4 and S5, we find that the maximum

supersaturation, vhich act in the lover parts of the cloud in the

ascending streams, are 1-1.20/0, and of supersaturation outside
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streams in the clouds, investigated in the region of Arkhangelsk, are

equal approximately 0. lo/0, also, in the region of Kiev of

approximately 0.50/0.

The findings on the spectra of nuclei and concentration of drops

in clouds make it pocssible to evaluate the values of the vertical

velocities of airflow in the lower parts of the clouds.
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Pig. S. Spectra of the integral concentrations of drops of

size/dimensions in cumulus clouds, measured on 11 July 1968 in the
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in streams, 2 - outside streams.

Key: (1) . pum.

Page S4.

Por the first time communication/connection of the concentration
cf drops in clouds with the velocities cf vertical airflow in cloud
and with the spectra of nuclei of supersaturation was given in the
work of Twomey [B8]). More precise relaticnship/ratios taking into
account the psychrometric temperature of drop, initial nuclear sizes
of condensation and jumps of the elasticity of the water vapors and
temperature near the surface of drop are found in the work of
Volkovitskiy and Sedunov. On the comparison of data given in work

[2], calculated on formula of Twomey and the formulas of Volkovitskiy

and Sedunov, communication/connection betvween these formulas can be

written in the following form:

N gore. et = Nyy 2", (1)

vhere u is the vertical velocity, expressed in a/s.
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Empirically obtained dependence (1) takes the following form:

Nyun = N1yo0,1612° (2)

FPormulas are derived when the spectrum of nuclei on
supersaturation is described by exponential function. As it was shown
above, this requirement over a wide range of supersaturation is not
fulfilled. But with the supersaturation, which do not emerge beyond

the limits of the initial region of the spectrum of cloud

condensation nuclei, vertical velocities can be calculated by the

formulas indicated.

Table 1 gives the estimations of the upvwash velocities of air,
cbtained on the basis of formulas of Twomey, Volkovitskiy and

Sedunov, also, from the empirical obtained formula. The velocities,

indicated in table in brackets, are determined with the
supersaturation, wvhich emerges beyond the limits of the initial
region of the spectrum. As can be seen from tatle, the value of
vertical velocities, calculated by formulas (1) and (2), they turned
out to be more close betwveen themselves as compared vith the

velocities, calculated by formula of Twomey. The velocities in

streaas, found by formula of Twomey, exceed the velocities,

determined in formulas (1) and (2), U-6 times.

A O b At 7 1
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Table 1. Upwash velocities (cm/s.), July '1968.

(n l (2) (% no dopuyare
Yucao w pafion B xyvesux obaaxax
: o (“&,u" m @
e
@, M | B crpysix (360) (60) (57)
ApYaHreanek Bue crpyi (1) 10 5 13
18 crpyux N\ 680 160 110
(Y)D\uen Bue upyﬁ w 30 40 40
Key: (1). Number and region. (2). In cumulus clouds.
(4) . per Twomey. (5S). In streams. (6). Arkhangelsk.
streams. (8). Kiev.
Page 5S5.

3).

(7) « Outside

The absolute values of the vertical velocities in clouds in

streams (0.5-1.2 m/s),

calculated in formulas (1) and (2),

vith (3, 7] of the magnitude estimates of the vertical upwvash

velocities in the lowver parts of the cusulus clouds. In clouds

outside the streaas of the velocity of vertical motions it is

considerably less (4-15 times) the upvash velocities in streanss.

By formulia.

will agree
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Page 77.

PROPERTIES OF ACTIVE CONDENSATION NUCLEI.

E. Meszaros, A. Meszaros

Main aerological observatory Budapest, Hungarian People's Republic.

One of the most effective methods cf number determination of
active cloud nuclei is the determinaticn of the concentration of
cloud drops in the lower layer of the recently formed clouds. In this
case with large probability it is assumed that the effect of the
coagulation of drops can be disregarded. For this reason were carried

out microstructural measurements in the lower layer of the recently

formed summer cumulus clouds above Hungary [3].

Simultaneously wvas determined the concentration of large and
giant aerosol particles with the aid of aircraft with the utilization
of plates and membrane filters. Independent of these measurements the
physical and chemical properties of atmospheric aerosol were studied
also at one mining station ( Kekes, 1014 m), approximately under

lower boundary of cumulus clouds. It should be noted that the
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membrane filters were held with low relative humidity before

preparation for a microscopic analysis; thus, from accidentally the
grasped drops of solution on filter remainmed the only "dry"™ soluble
particles. Concentration measurement of large and giant particles is
necessary in order according to these data to estimate the role of
these parcicles in the process of condensation. The necessary
(however insufficient) yield condition of active condensation nuclei
from this region of size/dimensions is that that the concentration of
these particles minimally would be equal to the concentration of

cloud drops.

In summer 1967 vwere made five aircraft measurements in midday

[3). During these measurements it was assembled 33 sample/tests of
cloud drops and was determined also the concentration of large and
giant aerosol particles. The obtained results are given in Table 1.
For a comparison is indicated also the mean concentration of aerosol,

measured at the mentioned mining staticn.

-— i Lkt - = 5 NP
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Table 1. Concentration of cloud drops, and also of large and giant

atmospheric particles.

(0 (® Konuentpauns asposoaen (r 3 0.15 uxy),
Konuentpauns cu—?
-3
Cakiadiad (% camoaer |(")rnpnu cTanumns
1770 340 ‘ 77

Key: (1) . Concentration of drops, cm~3. (2). Concentration of

aerosols (r > 0.15 pum), of cm—3. (3). aircraft. (4). mining station.

Page 78.

According to data of table it is easy to ascertain that the
concentration of cloud drops considerably exceeds the concentration
of large and giant particles. Comparatively high concentration of
cloud drops is explained themes that the sample/tests collected in
cumulus clouds immediately after their formation and directly above
their lower boundary. Similar results obtained Juan mel-yuan in the
USSR [1]. In connection with data given in table, it should be noted

that comparatively small particle concentrations at mining station

are caused themes that they wvere measured not only in cloud veather,

but also in cases when cloud formations did not occur, i.e., upflows
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they were absent.

Data Table 1 clearly shovw that the concentration of large and
giant aerosol particles amounts on the average to only 20o/0 of total
number of cloud drops. This fact obvious it derives that the certain
fraction of Aitken's particles plays the considerable role in the

process of cloud formation.

It is well known that the soluble (or mixed) particles are much
more active nuclei, than insoluble. Conseguently, if such particles
are encountered in the region of Aitken's fparticles in a sufficient
quantity, then, obviously, they serve as clcud nuclei. Howvever, data,
relating to the chemical coamposition of Aitken's particles, in the
literature are not for that reason, that the researchers
(specifically, Young [4]) studied first of all large and giant
particles. It vas assumed that the predominant part of the mass of

solutes is located in this region of size/dimensions.

Por experimental research on this problem wvere fulfilled the
measurements vith the aid of the four-stage impactor, equipped vwith
supplesentary convenient filter. Impactor seized large and giant
particles in four step/stages, while filter accumulated Aitken's
particles [5, 6. After the collection of sample/tests, which was

being continued several days, the sample/tests at separate

| A
- 2 - —
_\—['— )
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step/stages were subjected to chemical analysis. Table 2 gives the
given data of the ion concentrations (ug/m3) of different
size/dimensions, obtained during summer periods of 1967-1968. Fronm
table it is evident that the giant particles contain relatively a
little solutes. On the cther hand, the majcrity of solutes is

encountered in the region of Aitken's particles, vhere predominate

sulfate ions of ammoniunm.

The measurements pointed out above were made near the surface of
the Earth (main asrological observatory, Budapest, 139 m); however,
data on a change in the chemical composition of aerosol to the height
of the formation of clouds are not. Therefore were produced the
measureaments by summer 1968 for the comparison of concentration and
distribution of sulfate ions at mining station and in observatory. It
is assumed that the findings are characteristic for vertical
distribution, since the investigations showed [7] that into flight
half-year horizontal changes of sulfate concentration in Hungary vere
negligible. Table 3 gives the obtained results for sulfate as the

most important ion.
Page 79.

In the last/latter row of this table is given general concentration

in uyg/m3, and other data show its percent age according to sizes.

B
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Prom the analysis of the given data first of all it becomes
obvious, that the lapse of common/general/total concentration in the
lovwer 1000- metric layer of atmosphere is very insignificant. This

fact will agres well with the results of aircraft measurements

Georgiy and its coworkers [8].

However, are expressed some differences in according to the
sizes of the sulfate particles between two stations: a relative
quantity of large and giant particles at mining station more than b
of observatory. Taking into account the hygrosccopicity of particles,
and also the condition that the average relative humidity was equal
during measurements 710/0 in observatory even 830/0 in Kekes, these
differences are explained well. For the substantiation of the
aforesaid it serves as Fig. 1, which shows average
communicat ion/connection of a relative quantity of sulfate in the
region of Aitken's particles with relative humidity. The curve of the

figure vas conducted in accordance with the measurements, carried out

in aerological observatory. From the figure one can see that from the
value of the relative humidity, equal approximately 750/0, a relative
quantity of sulfate in the region of Aitken's particles decreases

first rapidly, and then is slower.

R v
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Table 2. Different ion concentration (ug/m3) in the different regions

of particle sizes.

) fape soy = | NHf NOy cl att (cz.\)m.
-
Furanrcxmwe . . . . . 0.6 0,2 0,3 0,3 0,2 1.6
Boaswmwe @ . . . | 2,2 1.6 0.5 0.4 0.2 4.9
AhTxenas). . . . . . 3,0 1,8 0,3 0,2 0.4 5.7
cywa® . . 5.8 3.6 1.1 09 | o8 | 122
b Key: (1). Nuclei. (2). Total. (3). Giant. (4). Large. (5). Aitken.

Table 3. Weight concentration and according to the sizes of sulfate

particles at two different heights above sea level.

() o » 0((5:: I-I;O . r;)l(ﬂr!m ..(EIOIO ™),
) |
Furanrckme . . 12 4
Boaswune §) . | 7 47
) . . ” -
Cymma (mkr/m?) 4,5 3.8

Key: (1). Nuclei. (2). Observatory (132 m), 0/0. (3). Kekes (1014 m),

0/0. (4). Giant. (5). large. (6). Aitken. (7). Sum (ug/m3).
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Page 80.

Hence it follows that hygroscopic particles "grew" from this region
of size/dimensions. From an abrupt/steep decrease in the curve with
relative humidity 80o/0 it is evident that the phase transition of
sulfate particles occurs at this value of humidity, and also, as in
cbservatory with relative humidity 830,/0 in the region of Aitken's
particles also is located appcoximately 390/0 of sulfate. After

relating this value to 710/0 of relative humidity (with which

particles are located, probably in "dry" state), ve will obtain the

same distribution in Kekes as and in observatory.

From foregoing it is possible to establish that the
concentration of sulfate particles (at the heights of the formation
of clouds) will agree actually wvwith the values, obtained in the
surface layer of air without considering changes of relative
humidity. Hence it follows that the active condensation nuclei are
sulfate particles (probably sulfates of ammonium), which are found in

dry state in the region of Aitken's particles.

On the basis of the results of the investigations, presented

above, were solved the thermodynamic problems of the condenmsation
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vater pair on soluble and mixed nuclei [9). Was derived formula for

determining the dependence between the radius of the drop of solution

and supersaturation, and is also developed equation for the
D

calculation of free energy of nucleation. during the removal of
A

formulas it vas assumed that the nucleus completely is not wetted by
drop (Fig. 2), i.2., the angle of wetting ¢ is more than zero. Fronm

the brought out egjuations escape/ensue all other simpler cases.

)
s0;" famee,

-
so |
(55) (45)
bl (50)
30+ (50)
20
10
0 L ik

1 1 1 ]
40 50 60 70 80 90 %
Fig. 1. Dependence of a relative guantity of sulfate in the regiom of

Aitken's size/dimensions on relative humidity. Numerais in brackets

designate the number of days of the collection of sample/tests.

Key: (1) . Aitkem/Total, o/0.
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(v
Pacmébop (L) (v

Fig. 2. The diagrammatic representation of the studied thermodynamic

systen.

Key: (1). Solution (L). (2). Pairs (V). (3). Insoluble nucleus (S).

Page 81.

These theoretical studies make it possible to characterize the

condensation activity of the nuclei of different types. For this

purpose most approaching is the comparison of the critical
supersaturation, with which these condensation nuclei are
promote/activated. Por determining critical supersaturation wvas

applied the following formula:
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P, 2,..V
¥ __ " AV 2
lnp ~ "KTr +gw"ﬂxr.

vhere Py/P_ — supersaturation; o.,v— surface tension between
solution and vater vapor; K - Boltzmamn's constant; T - the absolute
temperature; r - the radius of the drop of the solution; gw— the
csmotic coefficient of water in solution; Vo — the recurrent value
of the number of water molecules in 1 cm® of the solution; Xw—

the concentration of water in the drop of solution. In the case of
the presence of this quantity of determined solute V. Xw it is the
complex function of size/dimension of F and surface properties ¢
insoluble nucleus. Without being occupied here in detail by the
determination of this complex functicnal dependence, let us examine
the results of the calculations, made in electrcnic computer "Minsk-
22%. During calculations were assumed the values of temperature T =
273° and the masses of sulfate of ammonium my=5-10" g (radius of
dry nucleus wvas equal to 1.86e¢10-¢ cm.). Sulfate of ammonium is the
mixed nuclei with the insoluble particles of differeat
size/dimensions and surface properties. Let us note that the

necessary for the calculations physicochemical parameters were taken

from corresponding tables f9). The obtained results are represented

T
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in Fig. 3. Along the axis of ordinates are plotted/applied critical
supersaturation, along the axis of abscissas - the critical radii R*.

For a coamparison figure gives also curve, that relates to the

insoluble, completely hydrophilic nuclei (Thomscn's formula).

On data, presented in the figure, it is possible to
establish/install folloviné: the mixed nuclei, which contain the
soluble and insoluble components, are always mcre active, than the
soluble nuclei of the same mass (R* = 0 in the figure), with the
exception of the case, with which the angle of the wetting of
insoluble nucleus is equal to 180°. From the figure one can see that
with increase in R* the critical supersaturation rapidly decreases
with datum ¢. On the other hand, an increase in the angle of wetting
# decreases the condensation activity of mixed nucleus. It should be
noted that to the insoluble nuclei of these sizes/dimensions and
surface properties in the absence of solutes correspond the critical
supersaturation of such large values, which are not encountered under
atmospheric conditions [ 10, 11). Thus, the coagulation of the soluble
and insoluble particles has large value in the formation of cloud
nuclei. The figure showvs further that with certain value R* (precise
value of which it is function ¢) the completely hydrophilic insoluble
nuclei will become the more active mixed nuclei, which contain

insoluble substance with the wide angle of wetting.

A S e o
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Page 82.

It is known that for determining ccncentration and distribution
according to the supersaturation cf active condensation nuclei are
applied the diffusion cloud chambers. Our conclusions, obtained from
the measurements of the physical and chemical properties of
atwmospheric aerosol, must be in accordance with the results of the

measurements, carried out in diffusion cloud chamber.

Similar investigations in the USSR conducted by Laktionov [2].
The completed by it aircraft measurements showed that the
concentration of cloud nuclei in the lower 1.5- layer of atmosphere
per kilometer changes with height very insignificantly. This fact
will agree well with our results, on which it was obtained equal
almost to zero. On the other hand, Twomey in the USA on simultaneous
measurements with the utilization of a diffusion cloud chamber and
diffusion tube it arrived at the conclusion that the cloud nuclei are
the vater-soluble particles, which according to their size/dimensions
belong to the region of Aitken'®s particles [12]. Volatility of these
particles attests to the fact that their substance consists of
sulfate of ammonium or chloride of ammomiuam [ 13). From the given data
it is possible to ascertain that our conclusions do not contradict
the results, obtained by other authors vith the aid of diffusion

cloud chasbers.
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(Pv/Pe=)*
1,010
r
= cosep =-10
A Y
1,008} Cos@ =-0,5
1,006 =05
1004 + .0‘3‘9)‘
o !/
~-=2
1.002 1 1 1 1 -
e 05 10 1.5 20R™10%cm

Pig. 3. Critical supersaturation of the mixed particles depending on

the properties of the insoluble nucleus; mu=5-10", ¢ = 2739K. 1 -

the mixed nuclei, 2 - insoluble nuclei.

Page 83.
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THE TOTAL SPECTRUM OF PARTICLES OF NATURAL AEROSOLS AND ESTIMATE OF

THE FRACTION OF ACTIVE CONDENSATION NUCLEI.
B. G. Andreyev.

Far-Eastern state university.

Page 93.

In view of the available difficulties, caused by the
considerable width of the range of size/dimensicns and concentrations
of natural aerosols,, until now, it is made very few the measurements
of the full/total/complete spectrum of particle-size distribution. It
is possible to indicate only the works by Junge [5, 6) in which, on
the basis of 25 combined measurements of particle sizes by the
impactor and of the spectrum of ions it is given the representation
of the full/total/complete spectrum of the distribution of solid
rarticles under terrestrial conditions. For a free atmosphere there

are no such data generally.

On the other kand, the numerous measurements of the sizes of

particles and their concentrations in the individual sections of the
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overall spectrum although are cf doubtless interest for the solution
of the different problems, bonded with aerosols, all the same they
have the limited value, since cften the region cf measurement is not
clearly determined. Furthermore, the absence of the information about
other regions of the spectrum can lead to erroneous

conclusion/derivations from the obtained results.

For determining an entire region of particle sizes it is
necessary to utilize simultaneously several methods, since not one of
the existing at present instruments does not make it possible to

measure the aerosols in this broad band of size/dimensions.

The greatest difficulty appears during the investigation of
highly dispersed aerosols with sizes of particles less than 1 pm in
radius. Direct methods here turn out to be hardly suitable due to the

incompleteness of the coverage/scope of the region indicated;
therefore for research on the size/dimensions of small particles
increasingly more frequently are drawn indirect methods. One of such
methods, base on communication/connection between the electric
characteristics of particles and their sizes/dimensions, was applied
also in the present work. More precise saying, vwere used two
modifications of this method. The idea of the first, proposed by
Junge [6 ], consists in the conversion of the spectrum of ions into

the spectrum of particles, for vhich necessary to knov the nuamber of
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charged and neutral particles, and alsc their full/total/complete
concentration in the given air volume. These information were
obtained with the aid of the specially re-equipped Scholtz counter,
for which inside the chamber instrument it was introduced radial
deflection terminal whose diameter is 1 mm and whose length is 40 mm

it was created electric stress field 300 V.

In the second case was considered as a whole the effect of the
sizes of particles and their concentrations on the electric

characteristics of atmosphere.

Page 94.

According to (4], in lower atmosphere in the absence of clouds and
fog between electric intensity E, concentration N and particle sizes
there is communication/connection, which with the utilization of
known relationship/ratios between the mcbility of current carriers

and the coefficient of their diffusion can be presented in the final

form:

JE 2
r == Wik NT ° (l)

Here r - the average effective radius of particles in saaple/test, g

A< I I 5




DOC = 77115602 PAGE % 3{

- the rate of formation of ion pairs in 1 cmd/s, e - elementary
charge, i - the air-earth current, K - the is constant of Boltzmann,

T - the temperature of the medium.

When evaluating particle sizes according tc formula (1) for q
and i are accepted their average values, values E, N and T vere

recorded.

Both methods gave the matching between themselves results. Let
us note also that the average values of the radii of particles
coincide with data, obtained by A. G. Lakticnov [3] with the aid of
the nephelometer KOL-90, justifying thereby the accepted by us

methods of the estimation of the size/dimensions of small particles.

Besides the methods indicated, for determining size/dimensions

and calculating particle concentration were used the methods of
filtration the abusive filters whose effectiveness is virtually equal
to 1000/0 for particles with r > 0.1 um. In the second - the
one-stage impactor trap, in which completely vere caught the solid
particles with r > 1 um and specific gravity/veight 2 g/cm3.

Record ing particles in both cases conducted under optical microscope.

Thus, the utilized in work methods supplemented each other and

vere covered the boundaries betveen the small, large and giant
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particles of aerosols. The detailed analysis of the conditions of the
taking of the samples of aerosols and estimatiom of error in the
measurements for each method they made it possible to obtain the
cverall spectrum of particle-size distribution. Figure 1 gives the
averaged from sevaral hundreds of measurements in Central Asia
picture of the full/total/complete spectra of the size/dimensions of
the natural aerosols, for the first time obtained for a free
atmosphere. For the facilitation of work with curve/graphs on the
figure are used the coordinates (dN/d 19 r, 19 r). In order to
determine the number of particles in 1 cm3 in this interval of
size/dimensions, it is necessary to multiply the average value of
ordinate in this interval for an absolute difference in the

logarithmes of the corresponding radii.

Prom Pig. 1 it follows that the atmospheric aerosols are
included within the limits of an interval of approximately four
orders of size/dimensions on the average frcm 0.005 to 20 pm. In this
case the extreme values of the radii of particles, recorded in
sample/tests, vere 0.003 and 45 um. The range of the concentrations
of natural aerosols is wider and includes approximately 7 orders of
magnitude N from 103 in 1 cm3 for particles 0.05-0.1 um in radius to

10-¢ cm-3? for giant particles.

The concentrations, in which are encountered the aerosols under

p 2 ":[”m‘:"’
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natural conditions, are subjected to considerable variations,

especially in the region of particles of the small size/dimensions.

Page 95.

Greatest a representation according to pumber at height 259 m have
particles 0.05 um in radius, at height 2000 m the maximum of
distribution is displaced to particles with r = 0.2 um, which is
caused, obviously, by the action/effect of the process of the

coagulation of aerosols.

On opposite region of the spectrum, where predominates the
sedimentation of particles, also are observed ccnsiderable changes in
their concentration. So, at height 250 » in an interval of
size/dimensions r = 15-20 um the number of giant particles on the
average cowmprises 3e10~3 per 1 cm? of air, and at height 2000 m - in

all Se10-5S,

The smallest changes with height in the common/general/total
spectrum of size/dimensions test/undergoes particle concentration

from 0.2 to 0.5 um in radius, as a result of which these particles

are the most stable component of atmospheric aerosol.
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Fig. 1. Full/total/complete spectra of the sizes of particles of
natural aerosols according to observaticns in free-air conditions. 1)

250 m, 2) S00 m, 3) 1000 m, 4) 2000 m.

Key: (1). pnm.

Page 96.

During the study of the curves of particle-size distribution
logically arises the question concerning their approximation by one
function or the other. In view of the considerable
oscillation/vibrations of particle concentration virtually there is
no relationship/ratios, which satisfactorily described the character
cf entire spectrum. At the same time its separate sections with
sufficient accuracy can be represented analytically. Author [1] was
found that for highly dispersed aerosols in a sufficiently large
interval of size/dimensions (0.02-1 um) let us use normal logarithmic
lav. The further analysis shoved that virtually for an entire region
highly-dispersed aerosols (from 0.003 to 1 .m) the average

particle-size distribution with error, not exceeding 120/0, can be

approximated by the simpler gamma function of the form

f(r)=Are™™. b))
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The presented in Fig. 2 rectified diagrams of density of
distribution according to the size/dimensicns of aerosol particles
testify to the feasibility of formula (2), just as the dif ferent
slope/inclination of curves it confirms previously expressed thought

about the considerable strain of the spectrum at heights, which one

can see well in Fig. 1.

Parameter A it is easy to find frcm the condition of

standardization. By standardizing (2) to unity, we will obtain A =

f2. In turn, the parameter P is bonded with arithmetic mean radius by
relationship/ratio B = 2/r,, that it is not difficult to show from

the determination arithmetic mean radius:

B B
.
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Pig. 2. Diagrams of the demsity of distribution of aerosol particles

according to size/dimensions at different heights. 1) 250 m, 2) 500

m, 3) 750 m, 4) 1000 m, S5) 2000 m.

Key: (1) . un.
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The integral distribution function for density (2) takes the

form

s A Wl
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For=f far=A(4 — g e~ Sev). @
(U

According to the sizes of the aerosol particles, measured
directly under microscope, on the average is described by the power

law

dN
digr

=Cr™", (5)

Moreover exponent x is sufficiently close to the value, proposed
Young and equal to 3. However, during more careful analysis it is
explained, which x has different values for large and giant
particles. Of the surface of earth in the average
conclusion/derivations # =36 for particles vwith r < 1 um, and
for particles with r > 1 pym x%=20. Values x: in separate

sample/tests varied from 2.0 to 5.0, and x,— from 1.5 to 3.7.

Characteristic fracture in distribution curves was observed in the

region of size/dimensions from 0.5 tc 1 um.

The values of the parameter x do not remain constants, also,

S AN R - i
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vith height, which is evident in Fig. 1 and more visually in Table 1.

From table it follows that the spectrum of large particles with

height virtually is not changed, i.e., taking into account errors of

measurement the sizes of particles and their concentrations the
parameter %y & const, although is planned certain tendency toward its
increase. At the same time of change vwith the height of values x:
are are more essential, what, obviously, is the consequence of
subsidence of giant particles in gravitational field. In Fig. 1 this

vas reflected in a difference in the slopesinclination of

distribution curve.

The knowledge of the fuil/total/complete spectrum of the sizes

of particles of the natural aerosolé makes it possible to evaluate
the portion/fraction of particles, which can become active
condensation nuclei under atmospheric conditions. In order that the
particles with r < 0.1 um would act as continucus condensation
nuclei, they are required, as is known, the rarely being encountered

under natural conditions considerable supersaturation.
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Table 1. Values of the parameter x in the spectra of large and

gigantic particles at heights.

) '/")7
' Bucora, M %, I g !"Bucou. M -, ' .
——
0 3.6 2,0 | 500 3,9 2.9
100 3.7 25 | 1000 4,0 3.4
250 3,9 2,6 i 2000 4.0 3.6

Key: (1). Height, m.

Page 98.

Moreover these particles must consist of the substance, readily
soluble in water. Consegquently, in the overall mass of particle with
r < 0.1 uym cannot be active condensation nuclei. Their content in the
atmosphere although is great, is subjected to considerable changes,
and that decrease in the concentraticn of aerosols, which usually is
observed during the measurements in clouds by the counters of Aitken
and Scholtz is explained, obviously, themes by the fact that these
instruments catch the sufficiently considerable portion/fraction of

particles, which have size/dimensions scre than 0.1 um.

On the other hand, with the appropriate supersaturation all

particles with r > 2 um, which possess the hydrcphilic surface, act

e AT
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as continuous condensation nuclei. However, the concentration of
these particles in the atmosphere is extremely low. Even above the
regions, subjected to intense natural becoming dusty, the such
include, for example, Central Asia, the concentration of aerosols
vith r > 2 um at heights 250-500 m it comprises less than 1 particle
in 1 cm3 of air, and at height 1000 m - about 0.1 cm-3, while the
calculating concentration of drops by different cloud forms usually

exceeds 100 cm—3.

Thus, for particles, which can play the role of active
condensation nuclei under atmospheric conditions, remains the region
of size/dimensions 0.1 < r < 2 um. These particles are most stable in
the atmosphere and are observed in the concentrations, commensurable
vith the concentrations of cloud drops. Measurements in the
atmosphere of Central Asia show that the common/general/total content
of particles in this range of size/dimensions op the average
comprises: at height 250 m of the order of 1500 particles in 1 cm3 of
air, at height 1000 m 900 and at height 2000 m it is more than 400.
It is understandable that nct all these particles under atmospheric

conditions can become real condensation nuclei; for this it is

necessary that they be partially or completely water-soluble. At the
same time made by us chemical analyses [2] make it possible to

conclude that the portion/fraction of soclutes in them is sufficiently

great and on the average in mass exceeds 200/0. In essence these are
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compounds NaCl, MgCl,, MgSo,, CaSO, and (NH,) SC4: in larger

particles is encountered also CaCO3;. Let us note that in giant

particles this compound predominates.

The supplementary proofs of the fact that active condensation
nuclei in the atmosphere are the particles cf the region of
size/dimensions indicated, were obtained from the following
considerations. In Central Asia high frequency they have such
atmospheric phenomena as mist and haze. Haze is the totality of the
suspended in the atmosphere solid aeroscls with very low air
humidity. Critical for mist are the smallest droplets of water. Since
meteorological mist usually is observed with relative air humidity
above 50, but is below 1000/0, in condensation frocesses must
participate the particles, soluble or hygroscopic. The particles,

vhich do not possess these properties, form the passive

impurity/admixture, analogous by that, that is cbserved with haze.
Page 99.

Active éondensation nuclei, absorbing water pairs from atmosphere,
are increased in size/dimensions, after vhich by the Scholtz counter
are not caught. Consequently, the general concentration of "free"
particles in the atmosphere with haze must be higher than in mist.

This indicate the results of the systematic measurements of aerosols
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by the Scholtz counter realized in Central Asia in period with 1961
on 1965. The concentration difference in this case is the approximate

estimation of the portion/fraction of the active condensation nuclei,

ot
277

4
vhich are present in the atmosphere./Evaluated thus on dif ferent

heights the concentration of active condensation nuclei changed from
830 particles in 1 cm3 at height 250 m to 115 at height 2000 m. In

this case in the calculations were utilized only observatiomns within
morning periods in order to exclude the possibility of the nonunifora

effect of convection.

Comparison with the spectrum of sizes of particles, measured by
the Scholtz counter, it showed that the estimated values of the
concentrations of active condensation nuclei amazingly will agree
vell vith the independently obtained values of particle

concentrations with r > 0.2 »m. Here the upper limit of
particle dimensions was 1l.5um. As can be seen from Table 2,

disagreement do not exceed 35%.

Thus, the range of the sizes of particles of the natural

aerosols, which under the atmospheric conditions, close to saturation

state, can become the stable nuclei of drops, is estimated at the

range of radius from 0.2 to 1.5 pm. Under favorable conditiomns this

range somewhat is expanded. However, on the basis of the overall

spectrum of the sizes of particles of the deviation to one side or

the other they cannot be considerable.
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Table 2. Estimated concentrations of active condensation
nuclei (cm-3)-

® . Or
Pasuocrs, HCAO wACTHU KAONCHN,
Bucors. MrAS — KicuKa | € 7> 0,2 MKM

250 830 1030 24
500 590 540 8
750 420 340 19
1000 170 230 35
1500 135 150 11
2000 115 105 9

Key: (1). Height, m. (2). Haze-smoke difference. (3).
Number of particles witn r > 0.2 ym. (4).  Deviations, %.
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Page 308.

SOME RESULTS OF STUDIES OF THE REACTION OF WATER AEROSOL WITH

PARTICLES OF A SOLID REAGENT.

N. G. Vereshchago, Ye. N. Ovchinnikova, A. V. Stavitskaya, R. M.

Epimakhova.

Cdessa hydrometeorologic institute.

The processes of the inertia and inertia-free capture of the
drops of water aerosol by the collector/receptacles of various foras

have vital importance in the theoretical examination of natural

processes in clouds and fog.

Eden effects by different reagents on clouds and fog lean not
only on condensation, but also on the cocagulating mechanism of the
reaction of water aerosol wvith the particles of hygroscopic and

hydrophilic reagent.

We carried out the number of experiments ip the reaction of

wvater aerosol with obstructions - collectors of different geometric
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form, namely:

1. Flat/plane obstructions (model of snow crystals) are disks,

rectangular plates, film/strip, six-ray asterisks.
2. Fiberlike obstructions.
3. Grains of the grinding of bentonite.

As the basis of investigation was placed the determination of
the coefficient of the capture of the cbstructicns, introduced into
the flow of the coarsely dispersed vater aerosol (diameter of drops

5-28 pm) of the assigned liquid-water content and velocity.

1. The precipitation of a water aerosol on flat/plane obstructions.

As the fixer of the drops, deposited to flat/plane particles,
served the plotted on thes layer of gelatin. The deposited during
obstruction drops leave the replicas, size,/dimension and number of
vhich they were determined under microscope. The coefficient of

capture is calculated as ratio of the mass of the deposited during

obstruction aerosol to the mass of the aerosol, vhich leaks in with
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flow.

The developed by us procedure of study makes it possible to

present the flow of polydisperse aeroscl as totality of monodisperse
flows with the completely determined liquid-water content. Procedure
makes it possible to experimentally define the coefficients of the

capture both entire obstruction as a whole and any local point during

cbstruction, the so-called local coefficient of capture [1].

It should be noted that the measurements were conducted in the

region between the viscous and potential flcw (Re = 50-300), which

vas caused by the solution of the problems of applied character.

Page 309.

In the region of flows indicated the coefficient of the capture
of the obstructions of flat/plane forms theoretically cannot be

calculated in view of the absence of data on velocity field.

As a result of investigations [2) are obtained the local and
full stotal /complete coefficients of capture for disks (with Reynolds
nusber 50-300), for a film/strip and a plate (Re = 120) and for a

six-ray asterisk (Re = 220).

SIS TR TR
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Were establish/installed the dependences of the local
coefficients of capture on relative coordinates (RL/R) for all

forms of flat/plane barrier with Stokes' numbers, equal to 0.08-1.3.

Figure 1 shows characteristic curves a,=f(R.,/R) for disks with
Reynolds number Stokes' 50-300 and scme numbers. It should be noted
that with Stokes' numbers K § 0.255 the coefficient of capture
sharply grow/rises to the edge of obstruction. With K > 0.260, the
difference in a. in center and at the edge of collector/receptacle
decreases. And finally, with certain K, named us K,, the coefficient

cf capture turns out to be constant during all cbstruction.
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Fig. 1. Change in the local coefficient of capture along disk with
Stokes' numbers: 0.130 (a); 0.200 (b); 0.400 (c); 0.600 (d). 1) Re =
280, 2) Re = 220, 3) Re = 73.

Page 310.

The analogous character of the dependence of the local
coefficients of capture on the coordinates cf local point was

cbtained for all by us flat/plane obstructions teing investigated.

I% is establish/installed that the value of the maximum number

Ko depends on Re, streamlined obstructicn and its form. Figure 2

depicts dependence Ko = f (Re). With an increase ReK, it decreases.

For the varisous forms cf collector/receptacle Ko it has the

following values:

e doi

e
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(1 | K
DPopwma f— i ———————————————
{ Re 0 ' Re = 280
s e { N = | ‘
JecanouEa . - soso- a ) { 0,320
V1o A i S ' 0,500 L 0,420
llaac:uu‘a(f” ...... i 0,550 | i

Manitel®. .. .. ... i 0,630 i

Key: (1). Porm. (2). Asterisk. (3). Disk. (4). Plate. (5).

Film/strip.

The coefficient of the capture of disks, which corresponds to

Stokes' maximum number K,, is 2.0-3.50/0, star-shaped disks - 200/0.

Thus, obtained by us data about the local coefficients of the

capture of disks, plates, filam/strip and asterisks in the
intermediate region of flow showed that the precipitation of water

aerosol for flat/plane obstructions can be divided in%3 two types:

I type of precipitation - the local coefficient of capture
depends on the coordinates of local point and depends substantijally

on fora (Pig. la);
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II type of precipitation is a local coefficient of capture for
Stokes' numbers, the equal or large Ko, is constant during all

obstruction and the dependence on form is unessential (Fig. 3b).

The constancy of the coefficient of capture by obstructions we
consider as proof of the fact that the distorticn of flow as a result
of the flow about the obstructions does not change the concentration

of the flying with particle flux of the water aerosol. In this sense

Stokes' maximum number in the intermediate number domain of Reynolds
ve identify with Stokes' critical number for a potential flow

(obtained by the theoretical calculations).

< et
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Prig. 2. Dependence K, local on Reynolds number (disk).
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The dependence of the coefficient of capture on the coordinates

of local point for the first type of precipitation, possibly,
indicates an increase in the concentration of smaller particles of

the edge of the streamlined obstruction during the distortion of
flow, and also to the fact that we here observe the noninertia

precipitation of particles.
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Experimentally we establish/installed the dependences of the
full /total /complete coefficients of capture on the number of Stokes
and Reynolds number. It is establish/installed that the
full/total/complete coefficient of capture increases with an increase

of the number of Stokes and Reynolds number, it depends on form (Fig.

4) . Disk has a coefficient cf capture larger than plate and

film/strip.

The analogous character of curves is obtained for the
full /total /complete coefficients of capture by cbstructions in the

form of asterisks.

The studies of the precipitation of water aerosol for flat/plane
collector/receptacles in the intermediate region of flow showed that
for all studied forms occurs the precirpitation cf drops with the
number of Stokes, considerably smaller than the critical number even

for a potential flow.

It vas establish/installed that the capture of
collector/receptacle-asterisks considerably exceeds the capture of

the flat/plane obstructions of other foras.

Pigure 5 shows the capture of asterisks and disks with S,=S;

and R.=R, ot her conditions being equal.
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Fig. 3. Characteristic curved changes in the local coefficients of
capture aloang the obstructions of various forms. a) I type of
precipitation, b) II type of precipitatiom; 1 - for a fila/strip, 2 -

rlate, 3 - disk.
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Page 312.

a’%
p o]

+

|
1
I
1.2 0 02 04 06 08 K

ee0
W —

3

2

(o)

Pig. 4. Dependence of the full/total/complete coefficients of capture
cn the number of Stokes and form of collector/receptacle. a)
dependence a = f (K) for disks with Reynolds number: 1) 280, 2) 220,

3) 120, 4) 73; b) dependence a = f (K) with Re = 120 for disk (1),
flates (2) and film/strips (3).
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Fig. S. Capture of asterisks amd disks. 1 - for a disk with «.-&; 2

- for the disk of identical area, s,-s: 3 - for amn aster isk.

Key: (1) . unm.
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Under our conditions star-shaped obstructicns assure the capture

of the smallest drops, namely: asterisk is drops 8 um (diameter),

¥
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disk from R,=R,— drop 16 um, disk from Sa=8;— drop 12 punm.

One of the essential efficiency factors is a small mass of
collector/receptacle relative to the mass of the assembled on it
liquid. Consequently, interesting is the investigation of the

collector/receptacles of various forms, which pcssess large specific

surface area.

One of the sets of experiments is related to research on the

reaction of fine/thin disk-shaped filws with the flow of water

aerosol. FPilms by radius 0.25¢10"2, 0.37¢10-2, 0.5010-2, 0.65¢10"2 m

with thickness from 1 to 30 um more were prepared from Black Sea
agaroid and possessed hydrophilic behavior and hygroscopicity. They

vere suspended on three fine/thin caprone filaments in the vertical

current of water aeroscl and were maintained by flow in suspended
state so that filaments would not be stretched. With an increase in
the mass of film was increased the speed of the maintained flow, in

value of which it was possible to judge the mass of film with

moisture.

In the initial stage of an increase in the filas occurs the
bloating their, and then accumulation of the teing precipitated out

water on surface.

£ AN I LR 05
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Pig. 6. Dependence of the size/dimensions of the drops, obtained on

the being displaced films, on the thickness of filams for their
follovwing size/dimensions: 0.25¢10-2 pa (1) 0.37¢10-2 m (2);
0.50010-2 m (3); 0.65¢10-2 g (4).
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Page 314.

With thickness more than 25 um of film they are not strained and are
not displaced, but if the thickness of films less than 9 um, is
cbserved the turning of films and the formation of drops. In the
intersmediate region of thicknesses is observed the incomplete turning

of films.

Upon reaching of certain mass of the untwisted films occurs the
dropping of drops from them, after which the process of the

precipitation of water aerosol to films begins first. The dependence

of the size/dimensions of the expendable drops cn the size/dimensions

of films the is following:

)
Paauyc naenkn . . ., . 0,65 . 102 0,50 - 102 0,37 - 102 0,25.10"2

© Pawye canan® . L. 033.102  035.102 033.102  0.27.10

Key: (7). Radius of film. (2). Radius of drop.

It is evident that for the different radii of the filas, which

exceed 0.37¢10°2 a, the expendable drops in the range of experimental
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error are identical and only for the smallest size/dimension of film

the expendable drops considerably less. Hygrosccpic addition the film
plays the role only in the initial stage of an increase in the
untwisted films, subsequently occurs the washout of salt from the

surface of film.

The dependence of the size/dimensions of the drops, which are
obtained on the being displaced films, on the thickness of films is
given in Fig. 6. From the figure one can see that with an increase in
the geometric dimensions of films is increased the size/dimension of
the generating on them drops. With the turning of the films, which

have hygroscopic salts, are formed the drops whose increase in future

occurs according to the laws of an increase in the hygroscopic drops.

In such a manner both the being displaced and untwisted polymer

films they can be used for formation in the natural aerosol of large
drops. Moreover during the utilization of the being displaced films
the number of drops is equal to the number of films. The untwisted
filas in the presence of the corresponding upflows can repeatedly

form large drops.

2. Precipitation of aerosol on fine/thip filaments.

B T
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As is known from the literature, the greatest coefficient of
capture have the obstructions, significant dimension of which is less
than the diameter of the leaking-in drops. So, for cylinders it is
known that the coefficient of capture a = 1 ¢+ r/R, where r is a

radius of drops, R - the radius of cylinder [3].

Since with precipitation and merging/coalescence of drops on
cylinders (filaments) appears the constantly changing in time

configuration from the drops of different value, in consequence of

vhich is changed the aerodynamic field of the flow about the systenm,
it is of interest to study the laws goverming the precipitation of
water aerosol for fine/thin filaments [4, 5]. ﬂD As a result of

the fact that the filaments with incidence/drop through aerosol cloud

can accept different orientations, necessary to study the laws

governing precipitation, merging/coalescence and runoff of drops from
filaments in different positions, in particular with their horizontal

and vertical arrangement.

Page 315.

Since to merging/coalescence and runoff of drops from filaments can

have an effect the chemical nature of their surface, for

I

R

|
{
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investigation were taken filaments with hydrophobic and hydrophilic

surfaces.

Investigations were conducted by flow method. Filament on

special holder was inserted into the flcw cf aerosol with the
followving parametars: the speed of flow 0.5 m/s, liquid-water content
1.5 g/m3, the diameter of the leaking-in drops of virtually
monodisperse aerosol 8 um. Conducted microcinematography of the
process of precipitation with a velocity of 16, 24, 48 frame/ss. For
investigation were applied the filaments from Plexiglas 1, 3 and

i thickness 6 pm. As hydrophobic filaments were applied the filaments

vithout surface treatment, since the Plexiglas is the badly/poorly

hydrophilic material. As hydrophilic vere applied the same filaments,

but with surface treatment OP-7.

The capture efficiency of filaments was calculated from the

foraula
Amg
" - Bmy *
i |
t vhere Am,— the mass of the water, precipitated for the filaseat

for time At, determined on the basis of the experimental data; Am,—

‘ ' the mass of wvater, leaking in after At to the mid-section of systes

Nt AP s
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filament - drop.
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Pig. 7. Dependence cof the capture efficiency of filament on tise
(thickness of filament 1 pum) (a) and of the relative length of the
free from drops sectioms of filament (b). L is length of filament in
sequence, x,~ the total length of the free from drops sections of

filament, 1 - pure/clean filament, 2 - filament with surface Cr:«v¢”?,
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Page 316.

The investigations showed following.

1. The capture efficiency of filament has the greatest value at

the first torque/moment of the process of precigitation, then its

value decreases in the course of time (Fig. 7a). So for a filament 1

pa thickness a = 22.0; for 3 um a = 8.5, for 6 pm a = 5.5.

2. The capture efficiency depends on the thickness of filament
in the initial stage of the process of precipitation, and then it is
determined by the degree of the filling of filament with drops it

falls vwith the decrease of the free length of filament (Fig. 7b).

3. During the precipitation of drops for hydrophobic filament
they virtually do not change their foram, during precipitation for the
hydrophilic (hydrophilic) filament of drop they acquire
spindle-shaped form and their merging/coalescence during filament it

is facilitated, to what contributes, apparently, formation between

R =
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the drops of water cross connection.

4. The chemical nature of the surface of filament (hydrophobic,
hydrophilic) in effect does not affect the capture efficiency of

horizontal filaments.

S. During th2 precipitation of drops from flow for vertical

hydrophilic filaments is observed the intense mction of drops under
the action/effect of the force, their merging/ccalescence and runoff

from filament, which contributes to the cleansing of filament from

drops and to an increase of the capture efficiency on the average 2

times.

6. The diameter of the drops of those flowing from vertical
hydrophobic filaments, is 100 ym and mcre, whereas the diameter of

the drops, which flow from vertical hydrophilic filaments, on the

order of 70-80 um.

3. Reaction of water aerosol with the grains of the grinding of

tentonite.

For research on the reaction of water aerosol with the

o s e W N
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hydrophilic and hygroscopic substance, which consists of particles of
the incorrect geometric form, was used the grinding of bentonite of

Ukrainian deposits.

0f 11 specimen/samples of bentonite of Gorbskoye, Kurtsovskoye,
Dashukcvskoye and Pyzhevskoye deposits were selected the
specimen/samples, the most active in relaticn adsorption of water
vapors made of air-steam mixture and possessing the maximum electric

particle charge.

Adsorption of water vapors on bentonite was conducted under

dynamic conditions from air flow. Was determined the curve of

kinetics and the value of maximum adsorption.

The particle distribution of the bentonitic powders according to
charges was studied by the method of the deviation of the trajectory
cf the freely falling/incident monodisperse particles in uniforam
electric field. All powders were characterized by the asymmetric
distribution function with the preponderance of the negatively

charged particles.

Were investigated natural bentonite and the specimen/samples,
vhich subjected to heat and chemical (acid, alkaline, salt)

treatment.
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Page 317.

It was explained that the optimum adsorptive properties and the
maximum portion/fraction of charged particles with the charges of
both signs possesses kurtsovskiy bentonite, thoroughly heated at a

temperature of 200°cC.

The reaction of the bentonitic powder, which has the maximum of
the particle-size distribution function 10-15 pm in diameter, with
condensation fog was studied in the chamber of fog of GGO [ [/ O -
Main Geophysical Observatory) with respect to a change in the optical
transmission of fog, which vas record/vwritten on recorder tape
EPP-09. The powvder of bentonite (60 g) was sputtered with the aid of
the pulverizing device in the upper part of the chamber during 10
minutes. To two working experiments was conducted one control. For a
ccmparison with bentonite in the chamber test/underwent the powvders
of cement and hydrophobic calcium stearate. The estimation of the
kinetics of scattering fog under the influence by reagents was
reveal/detected by the statistical interpretation of the large number
of experiments. Each working experiment was compared with adjacent

centrol.
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The seeding of reagent began in all experiments upon reaching by
the formed fog of the certain degree of transparency, through 5-7
minutes after fog formation. Time of observation for the scattering

curve of fog was 35-40 minutes.

Typical scattering curve of fog during continuous trace for the
working and control of experiments, transferred to one curve/graph,

take the fora, shown in Fig. Ba.

P S
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Pig. 8. Typical scattering curve of fog. a) change in time of the

transparency of fog at its scattering, b) a change in value

o
Jo—Tnp
in time during scattering fog; 1 - control experiment, 2 - working

experiment. Arrow/pointer showed the beginning of the introduction of

reagent.

Key: (V). min.
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Page 318,

The 2stimation of reaction conducted on the processed curve,

exyressing the dependence

b e

% vhere J, is intensity of luminous flux without fog, Inp—  the
intensity of the luminous flux, passed through fog. During this

processing/treataent of the scattering curves of fog the effect of

reagent appeared more clearly (Fig. 8b).

The experiments showed that the effectiveness of kurtsovskiy
bentonite render/showed 2 times more than the effectiveness of

cement. The hydrophobic calcium stearate, atomized under different

conditions, effect did not give.
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Page 470.

INTEGRAL EQUATION OF THE KINETIC THEORY OF THE COAGULATION OF CLOUD
EARTICLES.

I. M. Yenukashvili.

Transcaucasian scientific research hydrcmeteorclogic institute.

Investigations in the theory of transfer of cloud particles to a
considerable deqgree are bonded with the developsent of the methods of
the solution to kinetic equations. In this respect, very promising is
the vriting of the kinetic equation of coagulation in the form of
integral equation. In particular this is exhibited during the
solution to the boundary-value problems of the kinetics of
coagulation. This integral equation, including toundary conditions,
in very compact form contains entire physics of the process of the
transfer of cloud particles and can render/show more convenient than
integrodiff equation. Let us note that the integral kinetic equations

successfully are utilized in the theory of transfer of neutrons [1)]),

in the aerodynamics of rarefied gases [2, 3].




ik _ ERReIIE e -
L_;__.I -

DOC = 77115602 PAGE _&o §0

The transport problem of cloud particles - this the problem of

many particles and during the investigation of the formation of the
spectrum of cloud particles in space and in time must be considered
their absolute motions, mutual collisions and merging/coalescences.
Simultaneously with this the value of the distribution function of
cloud particles in point with radius-vector r (x, y, z) they must be
bonded not only with the values of distribution function in the

points, close toward the end of vector r, but also with values in all

points of cloud, including interfaces.

Let n (v, r, t) be the distribution function of cloud particles
according to volumes v at the moment of time t about point in space

with radius-vector r, so that value

dn=n(v, r. £)ddv (1)

is for the moment of time t the mathematical expectation of the
number of clcud particles, which have radius-vector in the range r, r
+ dr and volume in the range v, v ¢« dv; dN = dxdydz - the elementary
three-dimensional/space volume, which adjoins toward the end of

radius-vector r.

Distribution function n (v, r, t) in question makes sense of the

density of the mathematical expectation of the number of cloud

particles; howvwever, together with this it simultaneously makes sense
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of the density of distribution of the probability of the detection of

cne particle in the four-dimensional volume dvdf.

Let us isolate in cloud the spall volume element d2 and let us

determine in this volume about point with radius-vector r for the
arbitrary moment of time t, the number of cloud particles with volume

in the range v, v + dv, i.e., let us determine dn = n (v, r, t) dodv.

Page 471.

It is obvious, this number will be determined by the intensity

of the emergence (generation) of cloud particles by the volume in the
range v, v ¢ dv in all cloud (including interfaces) at the different
moments of time, which precede the moment of time t in question, and
also by the probability of the admission of the emergent cloud
particles into the volume dQ in question without collision with other

cloud particles.

Let ] (v, r, t, r) be a probability of free motion in the time
interval (r, t) of this cloud particle, which at the moment of time r
is located in point with radius-vector r - (t - r) c and at the
moment of time t proves to be at the point of space with

radius-vector r. Here c - velocity of the mcotion of the cloud

particle, which has volume v, vhich depends on v, and also on the
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velocity of the motion of air masses in cloud. The generalization of

the physical derivation of the system of the integral equations of

the kinetics of the coagulation of cloud particles in the case of the

accelerated motion of cloud particles presents no difficulties [4].
Special examination requires the case of the mction of cloud

particles in the turbulent flow of air masses.

Let us examine certain cloud particle at certain moment of time

t. Let it is locate in point with radius-vector r and has volume v
and velocity c. It is possible to assert that at certain moment of
time v < t it experienced the last/latter cocllision and that it as

the cloud particle, possessing volume v and velccity c, wassborn in

point with radius-vector r = (t - v) c at the amcment of time r.

Further, let @ (v, r, t) be a function of generatiomns, so that

value

dn,=® (v, r, {)d2dvdt 2)

gives the mathematical expectation of the number of cloud particles,
vhich vere being born in the volume element of space dR about point
vith radius-vector r for a period of time dt and vhich have volume in

the range v, v + dv.

Is expressed function n (v, r, t) through the function of

o —— —— - —— w
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generations and the probability of free motion. At the moment of time

t > tg (ty - the initial moment) the mathematical expectation of the

| number of cloud particles with a volume of v, v ¢+ dv in the volume

element of space dR is composed of two farts.
n(v, r, t)dvdQ-=dn,-}-dn,, (3)
vhere dny is a mathematical expectation of the number of cloud

particles with volume in the range v, v ¢ dv, which reached in 4@

from the initial state without collisicns; dn, is a mathematical
expectation of the number of cloud particles with a volume of v, v ¢

dv, vhich appear in cloud in time interval frcm ty, to t at the

different moments of time r at the different points of space with

radius-vector r - (t - ) c and which without ccllisions reach d2 up

to the moment of time t.

It is obvious that
dny=n|v, r— (t — tg)c, L)1 (r, v, ¢, {)dodQ. “4)

Page 472.

Then, according to determination (2), value

®lv, r—(¢t— )¢, =|ddvd= ()

vill be equal to the mathematical expectation of the number of cloud

ey g2
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particles, which are born within volume d0 about point with
radius-vector r ~ (t - 7) c for a pericd of time dvr and have a volume
in the range v, v + dv. Prom this quantity of cloud particles to
element of volume d2 about point with radius-vector r will reach only
the those, that for duration (r, t) do not experience collisions.
Therefore, if we expression (5) multiply by the probability of free
motiom N (r, v, v, t) and integrate alcng alternating/variable r froam
to to t we will obtain the total quantity of cloud particles with a
volume of v, v ¢+ 1v, vhich appear in cloud in time interval (t,, t)
and the moment of time t enter element of volume du about point with

radius-vector r. Thus,

dn, - dudv)'«nv_ r (e 2|l v 5 Od. (6)

Special examination requires the case, vhen occurs the emergence
of cloud particles on interface, for example at the level of
condensation. For those regions of the clouds, into which can enter
cloud particles, vhich arcse on interface in time interval (ty,, t),
in relationship/ratio (3) one should vwrite the additive term, which
considers a quantity of cloud particles with volume in the range v, v
¢ dv, vhich appear on interface at the appropriate moment of time and

vhich wvithout collision reach dQ about point with radius-vector r up

i MR SR
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to the moment of time t. In this case, it goes without saying, the

boundary function of generations is assumed to te known.

Substituting (8) and (6) in (3), we obtain

A, L b)--nlv, v U -1)¢c |0, v ¢ )4

]

. \.-Olv,r (e, 2| lr. 9. ¢ Has (7

s

For obtaining the closed system of intejgral equations it is

necessary to express the probability of free motion and the function

of the generations by distribution function.

Let AQ, the probability of the ramdos event, consisting in

the fact that during time interval A, the cloud particle in

question adjacent cloud particle. Then we have

AQ,-a.\t,J nlu, r+ ¢ t+vyle(v, wda,

vhere

i A LT AP e
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N

§r

1/3
'

s(v, u)= =k | ,; (o' w7V e(v)— clu))

-~ the effective volume of the collisions of the cloud particles,

vhich have volumes v and u; E is a coefficient of capture.

Page 4714,

With small A, the probability of free motion for the cloud

particle in question during timse interval A, will be equal to

Pl AQ, =e",

Then the probability of the free motiom of the cloud particle in

question for a period of time T-i:As, vill be
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P,.--oxp< - : AQ,}r:exp{—— E [f nu, r +=<¢, +
=1

i i=1L0

+ )9 (v, u)du] .\‘:,] :

Hence, replacing addition by integration, we oktain

N(o, r, =, 1) Oxpt- Slﬂ‘o(v,u)n(u,r (t-~q)c.q)du]dq}.
(8)

The last/latter relationship/ratio gives communication/connection

between the probability of free moticn and the distribution function

cf cloud particles.

To the generation of cloud particles with a volume of v in the
volume of space d2 for time dt are brought the collisions of cloud
particles with volumes of v-u, u, with this u it can take values from

0 to v. Therefore the collision frequency, sumsed up in terss of all

possible values of u, gives interesting us the mathematical

expectation of the number of generations of cloud particles with a
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volume of v, thus

0@.n0=n%5nw—u,anw,nﬁow-w.wdm 9)
0

Expression ¢ (v, u) reflects mechanics and the statistics of the

reaction between the pair of cloud particles.

Equations (7), (8), (9) are the system of the integral
equations, which characterize the kinetics of the coagulation of
cloud particles. The structure of these equations is such, that
easily it is possible to produce the exception/elimination of
functions [], ofé and to obtain one integral equation for the

distribution fumction of cloud particles.

Page 474.
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n.r )=nlv, r—(t —-¢)c, tolexpl—ju o(v, u)n(u, r—

0

== ({ —q)e, Q)du]dq;%-jexp{ )[j‘ a(v, wyn(u, r —
0
—({—q)c, q)du]dq,[ 4n(fa~u E—(E—z)¢c, ~)nlu, r —

— (¢ —-=)¢, t)o(v —u, u)du]d?- ' (10)

Let us use the operation

4=+ a)
to both parts of equation (7); taking into account the

relationship/ratios:

—;r!n['u. r—(t—4c, 4]} =o0,
[(r, v, {)=A,

i“n_x _Hof 3(v, u)n(u, r, t)da,

s e ot STE

A —— . ———

A A A AT s B
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we obtain

—%‘"—-——!b(v. r, t)—‘)a o{v, w)n(u, r, t)du{j‘b[v, r—(t—nq)c, 7] X

xﬂu.uthm+Mur—U~%R,MHU,uLt@L

If, according to (7), expression in curly braces in the last/latter
relationship/ratio is replaced through n (v, £, t), and function 55
(ve £, t) - with expression (9), then we will ottain the knownm

integrodiff equation of the kinetic theory of the coagulation of the

cloud particles
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-"7"'_—_— —n(v, 1, t) 6’ a(v, u)n(u, r. t)du +

+%Ja('v~u. uyn(v—u, r, )n(u, r, t)du.
{

As the numerical methods of the approximate solution of the
system of integral equations (7), (8), (9) it is possible to utilize
a method successive approximation, an iterative metkhkod, and also a

method of torque/moments [5, 6].

Page 475.

Accepting as zero approximation either the initial distribution or
any analytical solution of the simplified problem of the kinetics of
the coagulation of cloud particles, we compute the fuanction of
generation (o and the probability of free motiom fs. Substituting §g
and 14 in equation (7), ve obtain the first approximation of
distribution function n,. Further we compute s fMMys Nz- The

following approximations are constructed analogously.

In conclusion let us note that the proposed above form of the

notation of the physical derivation of the system of the integral
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eguations of the kinetics of the coagulation of cloud particles can

be seuccessfully used also in the examination of the kinetics of the

coagulation of dispersed particles and, in particular aerosol

particles.
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