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2. This important paper deals with the precipitation of an aercsol of zinc oxide
particles in an adjustable resonant volume (1.15 X 0.55 X 0.75 X 0.40 m) under
static conditions. With a view to cever a vide frequency range (0.2 to 21
keps) at constant irradiated power, the authors use three different types of
. sound sources: Hartmern Whistle, Acoustic Siren Type UZG-}-A and an Electro-

. dynsmic Generator. The sound sources irradiated inside the yroeeuing chapber

through a membrane. _4

: !

3. Antinode sound pressures up to L. 101‘ bar (166db) were reached under resaxia:nt ’ J‘
conditions. The zinc oxide particles size distribution 4, around 3.6

microns. Initial aercsol concentrations aversged 5-7 grs/m®. The coagulation |
rate wag fonawed by means of a nephelemeter and & technical dlscussion of this -
device is presented. Precipitation time without sound ranges from 40 to 50
mimites. With sound for all frequencies tested, the time 1s reduced to
appreximately 35 seconds.
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,The importsant cenclusion of this work was that there is little difference
in precipitation time over the whole frequency range lnvestigated. This is
| the first significant work undertaken at constant irrediated
pover for aerosol coagulation studies. From the scientific view point, it
means that hydrodynamic forces of the Oseen type predominate, in the low
frequéncy range, over orthokinetic mechanisms.. This had already been forcasted -
but not proven by Pehenal-Severin in 1939. ,

.Prom the practical view polnt this work can be considered as & breakthrough
since low frequency sound scurces would be far more econamical to operste than .
any high frequency industrial siren. It opens the way o large scale aerosol
agglomeration processes in. industry.

- End -
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PRICIPITATION OF ZIiC OXIDE AEROSCL IN SOUND FIELD*

by D. B. Diencv, L. G. Merkulov, and V. I. Nikitenko
Leningrad Blectrotechnical Institute V. I. Lenin (U1l'yanov)

Akusticheskii zhurnal, Vol. VIII, No. 1, 1962, pagess 60-66

The results of tlie investigetion of sound
precinitation of polydisvperssd zinc oxide aerosol under
stetic conditions within the 200-:21,000 cycles frequency
limit have been presented.

“he denendence of the precivitation time from the
maenitude of the sound pressure inside the sound chamber
has been shown. The precipitation time hes been found
not to be significently influenced by the frequency of
the sound. \

It is well known that strone sound snd ultrasound oscillations
accelerats the coaculation process of serosol particles and may
substantially incresse the eificiency of precivitation. In spite of
the considersble number of naners devoted to the investigetion of the
accelerating influence of scund oscillations on the coagulation and
orecipitation of aerosols, there srestill notevailable at the
present time reliable ousntitative data about the dependence of these
processes on various parameters (sound freguency, sound oressure
emplitude, porticle concentration, tyve of aerosol, etc.)e A
clerification of these relaticnsiiins is of considersble practical
jnterest since knowin~ all the relevant raocts one could approach
efficiently the problem of designing incustrisl dsvices for sound
precipitaticn of eerosols.

#Paner subnitted to the Eighth All-Union Conference for the
Uses of Ultrasound in Testinp of }llsterials, February 19¢0.

" Declassified in Part - Sanitized Copy Approved for Release 2013/07/19 : CIA-RDP80T00246A021400410001-8




Seclmesified in Part . Sanit : |
: ecl?ssmed in Part - Sanitized Copy Approved for Release 2013/07/19 : CIA-RDP80T00246A021400410001-8

ST ) .
Eﬁ | A A
’, :

.

ii . ' T
: ' We investicsted the role of the frequency and sound oressure
amplitude on the sound precipitation of zinc oxide aerosols (zinc

white M-1). Tests using ordinary and electron microscooe showed that
zinc oxides are polydisoersed serocols consisting primarily of
aggregetes of nrimary oarticles. Linear dimensions (r) of p-rticles

jmmediately erter the formation of aerosol in the chember.are
logarithmically surficiently epproximated by the normal distribution [1]

| 1 '
d = = C —_—
I =i yin “p[ gy 28T () 00

with 1 rp = 0.48 (rp = 3u)s 12 P = 0.13. Fig. 1 presents the

curve r:fo(r) es function of 1g r.

Experimental investirations of the nrecinitation under the
influence of sound were nerformed usine the laboratory npparatus .
indicated on Fig. 2 under static conditions. Zinc oxide wes introduced
into the upper part of the chamber 1 using a special ztomi er. The
workinge cheuber constituted a resonant volume which could be varied by
means of the movable rear wall (11 pax = 1,150 mm, 12 = 550 ram,
1z = 750 mm, h = 400 mu). The walls were made of organic glass
permitting a visual observation of nrocesses jnside the chamber.

We used for the sound source 3 & gos -flow generator (type
Hertmen) with a selection of resonators and jets desirned for operation
at frequencies between 5 and 21 ke, an acoustic siren UZG-4a, and for
the low-frequency region a source of 8lectrodynamic desiem. To
eliminate the influence of inner air currents on the precipitation
process of aerosols, the working volume of the chember was senarated
from the sound source by s thin sound transmitting pertition 4, The
acoustical metchinz of the wiole system wes schieved by choosing the
sepsration between the fmwmt wall of the chamber and the exit onening )
of the sourca. Because of such tuning xe achieved effective magnitudes - )
of antinode sound nressures up %o 4.10% bar (166 db). The pressure .
ratio between the nodes and antinodes was about 10 on the average

(at a 5 ke frequoncy)e. With en additional damping of the chember
well it would decrease to som® 2.4,

The comnressor (ZIF-55) 5 provided comoressed air for the .
gos =flow generator end siren. Pressure and 2ir consumption were !
messured by means of a manometer 6 and a flowmeter 7 respectively.
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mplitude of the sound prassure

and the frequency were checked by mesns of a spherical barium-titenate
mi cronhone* 8. The microphone output was amnlified end then fed to
a voltmeter, frequencymeter, and oscilloscope. Nonlinear distortions
were estimated from the shane of the oscilloscope curve. The
micronhone could be moved along the vertical as well as along
horizontal planes, and we were able in this menner to check the
distribution of the sound field inside the chember.
Nephelometer apraratus measured the coarulation speed in the
precipitation of the merosol. A light beam from the light source 9 .
travelad through a system of condenser lenses and landed on the :

rhotomultiplier 10, connected to & highly stabilized power suooly 11.

The output sienal:of the nhotomultiplier proceeded to the compensating )
circuit 12 and then to t o

ne strotched wire oscillograph 13 and !
microe™ Using the readings of these instruaents one S
could follow the variations 0f the light beanm jntensity and,
conseauently, the variations in

concentration of the aserosol inslde |
the chember. To eliminate the influences of wall dust devnosits on :
"readin~s of the nevhelometer the chamber hed ovening along the 1isht ‘
beam path covered with detachable optical glass covers 15. The classes "
were changed after every test and their dust contnmination, which was
much lower than thet of the walls, was taken into account during the
final evsluation of rasults.

J
' E

3
During the nctual tests the @

e AL e m M

e o AR R T . = vl M o AR o -
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#The :xicronhone was calibrated at the All-Union Scientifio
1i?search Institute for Metrolory D. I. ilendeleyev. ‘
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As long as the merosol precipitation proceeded at low speed
(low sound pressures) the nechelogram was obtained using the
micrometer and stop watch. Fast orocesses were registered on the
oscillogravh plates. Fig. 3 shows a nephelometer recording nlate
(sound pressure 204103 bar, f = 5 ke;- time marks are every 15 sec}
sound wes turned on at the double mark).

Let us investigate basic relationships connecting the
nevholometer readinegs with the charscteristics of the aerosol being
precipitated., The photomultinlier current I is connected at every
instant to the intensity of the light beam by an approximately linear
relstionship I‘¢ = %F. The ettenustion of light inside the volume
occuried by aerosol is due to scetitering on rerticles and for
T3 A (A - wve length of light) is provortional to nré, where n
is the nerticle number density. The vhotomultinlier current is then
exsressed at the initial instant and at time t by the two exnressions -

gl

I T R ey

Tog = Teexp (— hiongre?),

(1a)

Pug S exp(— blyur).

Eliminatine exp (-blo) from the above e~urtions ona gets .

e (S (2)

hs quantity & (t) dotermines the time varistion of tiie ~hotocurrent

es function oi tho perticle number density and the everare radius

Mhe 1-ttzr is a function of time because o the cozpuletion

end nreci~itotlon processes, Since cne lacks the exact lmowledpe of

the coagulation nrocess, one con theoretically teke =ccount only of

the (stoclicsean) nrucinitetion end we c:leuleted o¢ (t) fer this J
|
1
ﬂ

PR

squered.

sirlest case. Teking the element oI volume =2t a distance h from the
ton nart oI tia ciamber ore may write

A TR CORaIEERE BR ME G Re S

j% (r) forr éé re

f(l‘t’) ) 0 for r} ry '

-



%

, . _'
Here fo (r) is fixed by eouastion (1) while ry = '91}1/2ggt

corresnonds to the stockescen resdius of those particles which in the

instont t reached the level h end crossed the beam ( - sir viscosity,
- perticle density, g - scceleraticn of gravity)e. Note Fhat the

. . anwoarent density of particle clusters (entering the exvression for ry)

. . may be sirnificently lower than the true 5.5 o/ cmd den31ty’of zine

' oxide end anproach the "poured on" density of 0.5 g/cnd. Quantities

enteringe the exronent of eaustion (2) are determined fronm the

followingy exnrassionst

§ T.'
§ nofo (r)dr

n, {%

_‘ folrydr
’ (3)
» "
R N A Y N WA G Y
re . L- L .2 0
o~ (’3:? Ty t - "
’ (1 Jo(r)dr S Jo(r)dr
, 0
Usine these relaticons we sret
re
: et § R
0
T : (4)

v rse(ryar

0

In cese of the lo~erithanically normal low of verticle dimension
iistribution we obtain =fter integration of (&)

L | B
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VLT

where

e vhotocurrent in crse of & snontaneous
tion as function of time, of the parameters
of the rerosol, and the height of the nevhelomater 1irht beam.

We used & comnensating cirecuit for thoe nechelometer to increase
tle precisicn of reedings end for convenience. Here, st any moment
the measured current is obteined from the diiference of the
compensating current Iy =nd the photomultiplier current I = Ik = Ipe ;
"1 Iy = I = Igg denotes tro current for a zaero concentration of ;
the nercgol ~nd I& = I} - Ig is the current st time t = O when
the concentration is the 1:rwast, one obtains eosily from (2) ,

Exnression (5) fixes th
(vurely stocksesn) nrecirits

4

'Er/(x) ok SC“”-dl, . gl»pzr,—lgrm-‘;,ﬁlgig (6) ‘ g

2lg3 ) _ .

Vn

0

In the circuit used Iy = 300pa, Il = -55ma. Velues of I for
various beginning congcentretion were determined from the calibration

curve orn Fic. 4. The letter was obtained by weighing a zinc vapor
receiver after accenting gamples of air from the chamber.

The stability of calibration of the entire nerhelometric |
device was checiced again orior to every narticuler test using ?
standard onrtical filters.

For the nuasntitetive exaninatio
desirable to hsve a bes

Y.

n of sound comculation of

t possible uniform distribution
e working chamber. It is not possible %o

.e chamber since it raeduces the nrecision

e "base® of thie licht beem), One

aserosols it is
of the sound field in' th
roduce the dimensions of 1l
of the novhelozeter (one reduces th

obtains a sufficiently uniform sound field when A & 11, 1,5, 15, 1.0,

31f there are many wuVe len
heicht of the chember, or w

conditions approech th
{i1, 15, and 1z givon above the first cese is T

~ths fitted into the length, width, and
hen A P 1o, 13, 1.0¢s when the working

With the values of
enlized for £ & 5 ke '

e mlene wave situstion.
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Let us look at the results. Fig. 5 prresents the nerhelometer
curront ss function of the time for tho snontaneous nrocoss.
Precinitation tims (u» to e concentretion of 0.6 g/ad) is quite o
anorecisble, o the order of 40-50 min. This is compared on the seme
grarh with the dotted theoretical curve celculated using Eauation (6).

|
The initiel serosol concentration wes tsken as & = 7-/md (Ié = 260 Ma), j
J

varticle density 2s @ =1 g/cnd, wnile the values for rp en were
taken from the distribution functicn (Fig. 1). The comparison of the
theoretical and exnerimental curves on Fig. 5 indicetes that the
convection sir currents play an important role and significantly o
retard the nrecinritsticn of serosols. The observed curve fluctuations
should be likewise & consesuence of the nir currents.

The aerosol vprecipitsaticn is accelersted under the influencs
of sound cscillaticns. Fig. ¢ shows the precipitation curves talken
at 8 5 kc freauency and different gsound nressures (1 - o = 0; '
5 - 27103 bar; 3 - 5.50103 bar; 4 - 11,2103 bar; 5 = 15103 bar;
Lf - 234103 ber; 7 - 27,5103 bar; S - 344103 bur). At low pressures ’

bl

T

4

' Declassified in Part - Sanitized Copy Approved for Release 2013/07/19 : CIA-RDP80T00246A021400410001-8 sl



I ‘ 7
the nrecipritstion is qualitatively close to the sronteneous process.
The decresse in time of nephelometer current is relatively slow,
perticularly durine the starting interval, end one explzins this
behavior by » weak cosculation of the a8rosol end slow nraciritation
of those rarticles which are located sbove the nevhelometer bsam., At
larger sound nressures the transnarency ol aseroszols incrosses ranidly
on the account ot fust crowth in verticle size and the subsenuent
nrecipitatinn,

4 visurl observotion of the 8erosol vreciritation nrocaess
uncovered the following veculisrities. With undamped chanber walls
ene sees a violent nroducticn of vortices and a noticeable nroduction
of sizeable nparticle ac~re-stes. The aerocol preciritation occurs
almost uniformly across the whole surizce wiih the »articles collecting
at the velocity nodes st the floor of the choaber. A nertinl deaning
of the walls sharnly reduces il.e vortices which, however, does not
reduce signific:ntly the orecipit=tion sreed =23 re-iziercd on the
nevhelometer (Lkee:ing the n-values the sane)s A disvl-censnt of the
nevhelometer beam slonc tie horizontel does noet wraetically influence
the course of the cruvea,

The relntionshin between the sarcuol nreci itation tine te os
function of » ror ' = 5 ltc is ~rosented on Fiece 7. ith n = 34+107 bar
one finds to &% 35 sec, i.e., clmoot two orders ol aacnitude sazller
then the time for the svontanecus rrecess. It is interestin. to note
thet ot n civen fracuency in ti2 csse of larrer zownd rressurss
(o > 10% var) one inds 5 close --resaant with the sxrrassion
tcp2 = const. Tne lotter indicotes = verv strong influence of sound
vressure on the nrecinii-tion sozed.

de investi-~tcd the frecuencr denendence of the precivitetion
spacd in a wide run~e from 200 to 51,000 c/sec. Jics O shows the
frecuency denrsndence 2t a constant » = 5,5C0 bar and an aserosol
cocncentration of ~~ 5 g/m5. The ordina*e indicries tho veraticn of
the nevh.loneter current ver unit tize. We cheerved & weal frequancy
effect cud =n insismificent rise of curves in the low frenuency region
even et hicher scund fre uenciss, Althourh, penerally, we did not
fina any vractical {reasu.ncy derencance on %he rolydissersed aerosol
under consicaration, the wuinly disversed rrecticn (¢ £ 1 M) did
nrecinitate ot low frequencies sismificuntly slower than =t hicher
fraquencies. From this ~oint c. view it oy seem »rosuble that a
wide distribution of norticle siuzes leads to » certein smoothing out
or' the freoiuency denendence of the -~recinitation sonaed.

Qur results =zre of inzediate rreciical inter:st. A suiticiently
nich preciritrtion sreed 3t low fre-uencises iuadiestius e way in which
to incresse the aconoali¢ criiciancy ol the ncoustic ethod ot rarosol
coarulactien by desi ming low frevucacy devices witi. hi-h nochinaieal d

'
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o officiency. The use of fresuencies in thc hundred eycle ranse may CoT

. nrovo to be auite cfficient, . b
- ' -

Fie, 6 Fire 7 o

At the nregent time we do not nossess a definitive theory
exnrleining the acoustical cozsulation of aerosols. In visw of this,
our exverimsntrsl rosults =sre of particular interest. The hiigh
crecivitetion sveed at low frequencies comnel us to conclude thnt o
the co-s-rulaticn mechanism cannot be exnl=ained by Kine forces /2/. .
As is well known, these lutter forces very inversly with the wave ,
lensth (of the stending wave). ZElementary sestimertes indicate that at ",
fresuencies of the crder of » few hundreds cycles per second the King s
florces ere too wealk to cause a si-nificant ennro2ch of zinc oxide
serosol particles. The relstively uniform vrecinitaticn of serosoel T
insice the entire volume of the chamber indicetes a2lso that there is

lifly a smuall effect due to thie radistion rressure, ’ é

[Rand *

— 10 —

Décliassified in Part - Sanitized Copy Approved for Rélease 2013/07/19 : CIA-RDP80T00246A021400410001-8 [ ccccuieee .



D e ‘ i . 4
eclassified in Part - Sanitized Copy Approved for Release 2013/07/19 : CIA-RDP80T00246A021400410001-8
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tha influence of sirone sound oscillations
2 1 and one aust trest them

consideringy the Cseen attrective forces. In this c=36 the effective
coaculaticon mech:anicn mev be duis to the hydrodynamic intersction, &s
wes shown by Pshehai~Severin /3/. Under the Oseen conditions the
hydrodynsmic intercetici is much stroncer than durine the »otential

the forces becomes R=1 instesd

Flow. In verticular, the R denendence of
of R=4. Pshenai-Severin estimeted the timg of approach of two nurticles

of equal radius r = 1=15ptand @ =1 «/cnd, p = 16100 to 40+103 ber
with £ = 100-15,000 ¢/s, which rumbers ere close to the conditions
during our exnerimentsa. At highest velues of © the time cf a-»roach
mey reach fraction 0of a second. This 18 & fully accentable value for
the aualitetive exnlanation of the fust sracivitation of zine oxide
aerosols wnich we observed 2t hish sound pressures. One siiould
emphesize, however, that in the case of small interparticle distance
these calculstions cannot be sccented. Hydrodynamic forces in the
Oseen avcrcximation =8 wall es the orthokinetic mechanism /i4/ should
lead to the ovserved moxima in the freouency denendence ol the
coegulation snced. The ovotirum values of f in both cases, as fixed
by the size of the coagulating perticles and their order of macrnitude,
are not very diiferent. Eydrodynamic forces for r v Z/E.pqrticles
pive for our cose en fopt & 5.109 ¢/s end for r & €pa en

fopt ™ 5.102 c/s, It is ouite nstural thet the nolydisversed

char=cter of serosols leads to & smoothing out of the frequency
liehendence. One nmust rezret thaet both the orthokinetic znd i

Porticle motions under
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and hydrodynamic cosrulation mechanisms ~re not nresently develoned

for the cuse of nolydispersed serosolse. This fect does not nermit »
auelitstive comnzrison with exrerimentsl results.
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