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' SOME RESULTS OF THE STUDIES OF THE REACTION OF WATER liﬁﬂ'ot GITHE THE

B. G. Vereshchago, Ye. ¥. Ovchinnikov, A. V. Stavitskaya, R. H. g
© spimakhova. ’

Odessa hydrometeorologic inmstitute.

. Page 308.

The processes of the inertia and inertia-free capture of the drops °©

water aerosol by the collector/receptacles of various foras have

4 ‘yital importance in the theoretical examimation of natural processes

in clouds and fog.

4

The ideas of effect by different reagemts cn clouds and fog lean

pot only on condensation, but also on the coagulating mechaniss of

the reaction of water aerosol with the particles of hygroscopic and
fi aydrophilic reagent.

¥e have carried out the musber of experisments ia the reaction of

sater aerosol with cbstructions <« the collector/receptaclies of -
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t. Plat/plane obstructions (model of snow crystals) are disks,

; s‘cﬁenglltr-piatei;~fixl/sttip, sizx-ray asterisks.
2. Fiberlike obstructioms.
4B . 3, grains of the grinding of bentcnite.
As the basis of investigation placed the determinatipn of the
+ coefficient of the capture of the obstructions, introduced into the
flow of the coarsely dispersed water aeroscl (diaseter of drops 5-28
pa) of the assigned ligquid-water content and rate.
¥ ' o
f. Precipitation of vater aerosol for flat/plane obstructionms.
As the fizer of the drops, deposited to flat/plane particles,
| serves the plotted on thes layer of gelatir. The deposited durinmg
: cbstruction drops leave the replicas, sizesdimension and aumber of
4
which they were deteraiaed wader the microscope. The coefficient of
! ~ capture is calculated as ratio of the mass of the deposited during -

. chbstruction aerosol to the sass of the aegosol, which leaks in with
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%hn~it~ctagoi by us ptacoénro of study makes it ?oasjblo to
preseat tic flow of pol;ai:yctac aetosel as totality of npnodisporse

-?sgg... -with eo.glotoiy d.tetiincd ligntd‘lnttr content. Prpccdcre

-thos-it'paisihic to cnpqriieagglly define the cnetficients of the
capture both Qatircybt:tier as a whole and any local currents during
B obstruction, the so-called local coefficient of capture [$].

It should be noted that the measurements were conducted in the

* regiom between the viscous and potential flow (BRe = 50-300), wvhich
was caused by the solntion cf the problems of applied chaszacter.

A ‘page 309.

In the region of flows indicated the coefficient of the capture
i of the obstructions of flat/plane foras theoretically camaot be
calculated in view of the absence of data om velocity fiedd.

& ‘As a result of investigations [ 2] sre cbtained the lpcal and
. full/total/conplete coefficients of captare for disks (vith Reynolds
sesber 50-300), for a fila/strip ard a plate (Be = 120) aad for a
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_ Were establish/installed the dependences of the lecal

of flat/plane obstructions with Stokes® nusbers, egeal to 0.08-1.3.

‘Figure 1 shows characteristic curwes w.=|{R/R) for disks
vith Reynolds nuaber Stokes® 50-300 an/ soee m It shewld be
Rtes Ahet with Shulest sandens & & 0.255 the coefficient of capture
sharply grov/rises to the edge of barrier. of prepyastviya. With X >
0.260, the difference is @, ia center and at the edge of
collector/receptacle decteases. And finally, with certain K, named us

"'Kgs the coefficient of captere turans out to be constant during all
.obstruction.




! ?ig; 1. eilagu in tic«loatl coefficient of capture along disk with
: § stokes® nusbers: 0.130 (a); 0.200 (b): 0s400 (c): 0.600 xd). V) Be =
m' 2) Re = 220, 3, Re = 73.

Page 310.

‘The aniloqons character of the dependence of the local
coefficients of capture on the coordinates cof local point was

obtained for all by us flat/plane obstructions being investigated.

It is establish/installed that the value of the maximusm number
Ko depends on Re, streaslined obstructicn and its fora. Pigure 2

.'d.pict; dependence K, = f (fe). With an increase ReKy it decreases.

Por the various foras cf collectorreceptacle K, it has the

following values:

o s R R e a a
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e u’: ("o Fors. ‘2’. Asterisk. (3). Disk. (%) . Plate. ‘5,‘
Hle/strip.

“ The coefficient of the capture of disks, which corresponds to
Stokes®' saximum aumber K45, is 2.0-3.50/0, star-shaped disks - 20oy0.

§ Thus, obtained by us data on the local coefficients pf the
capture of disks, plates, film/strip and asterisks in the

intermediate region of flow will show that the precipitation of water

R aerosol for flat/plane obstructions can be divided into two types:

I type of precipitation - the local coefficieat of capture
- depends on the coordinates of local point and depends substantially
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on form (Fig. 3a);
9:’

II type of precipitatiom is a local coefficient of capture for
Stokes® numbers, the equal cr large Ky, is constant during all

ebstr:ction and dependence on form is unessential (Pig. 3b).

The constancy of the coefficient cf capture by obstructions we

"} comsider as proof of the fact that the distorticn of flovw as a result

of the flow about the obstructions does not change the comcentration
of the flying with particle flux of the water aerosol. In this sense

Stokes' maximum number in the intermediate number domain of Reynolds

,We identify with Stokes' critical number for a potential flow

(obtained by the theoretical calculations).

y
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‘.l&'h 2. Dependence K, local on Reynolds number (disk).

Page 3!1Q

The dependence of the coefficient of capture on the coordinates
i of local point for the first type of p:ecipitation. possibly,
indicates an increase in the concentration c¢f ssaller particles of
the edge of the streamlined obstruction during the distortion of

'flow, and also to the fact that wve here observe the noninertia
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precipitation of particles.

By us experimentally have been established the dependences of
the full/total/complete coefficients of capture on the nuaber of
| Stcockes 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 oa fors (Pig.
; A 4) . Disk has a coefficient cf capture larger tham plate and

fila/strip.

The analogous character of curves is obtaimed for the

full/total/complete coefficients of capture by cbstructioas in the

form of asterisks.

The studies of the precipitation of water aerosol for flat/planme
collector/receptacles in the intermediate regiocs of flow showed that
» for all studied forms occurs the precipitation of drops with the
number of Stokes, considerably swaller than the critical ausber even

for a potential flow.

It was establish/installed that the capture of

collector/receptacle~asterisks considerably exceeds the capture of

! the flat/plane obstructions of other foras.
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g » 5 shows the capture of asterisks and disks with Sy=5,
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Pig. . Sependence of the full/totsl/cosplets coefficiets of capture
; &wm*&mmmummmﬂ

; m.-tmtaxm-&uwmwmam
P 3 120, %) 73; b dependence « = £ (5) with Be = 120 for ddsk (1),

Pig. S. Capture of estecisks asd dfsks. 1 - for o disk with &-v; 2
)} = tor the aisk of itentical ares. i-5 3 - for an asterisk.
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Under our conditions the star-~shaped okstructions prpvide the
captute of the ssallest dreps, memely: asterisk is dreps & s
(diameter) , disk fros Re=R =~  drop 16 min, disk fres S,=8, -

. drop 12 m.

one of the essential efficiency factors is a ssall sass of

| collector/receptacle relative to the mass of the assesbled oa 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

g ] ioaetion of fine/thin disk-shaped films with the flow of water

aerosol. Files by radius 0.25¢10"2, 0.3701072, 0.50010"2, 0.65¢10-2 g
vwith thickness from 1 to 30 um more are prepared from Black Sea
agaroid and possess hydrophilic behavior and hygroscopicit y. They are
suspended on three fine/thin caprone filaments in the vertical

curreant of vater aerosol and are maintained by flow in suopesded

jﬁ state so that filaments were stretched. With an increase iz the ssss

|
|

u
b

of fils is increased the speed of the saintained flov, ia valee of

vhich it vas possible to judge the mass of fils with soisture.
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Pig. 6. Dependence of the size/dimensions of the drops, obtained on
the being displaced filas, on the thickness of filas for their
. following sizesdimensions: 0.25¢10"2s (1) 3 0.37¢10-2 (2) ; 0.50e10-2
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B (3);: 0.65010°2 5 (4).

fey: (1). pm.

Page 31s.

In the initial stage of an ihctcase in the filas occurs the
bloating their, and then accumulation of the being precipitated out
vater on surface. ¥ith thickness more tham 25 u» of filas they are not
strained and are not displaced, but if the thickness of filas less
fhan 9 us, is observed the turming of filas and the formation of
drops. In the intermediate region gf thicknesses is observed the

~“incomplete turning of filss.

Upon reaching of certain mass of the untwisted films occurs the

dropping of drops from thea, after which the process of the
precipitation of water aerosol to filsms begins first. The dependeace

of the size/dimensions of the expendable drcps cn the size/dimeasiocas
of films the is following:

tadius of the £ils 08.10% oM. 03.10% 0,3.00

.Badius of the drop 0.M-NT 0.8.107 LW.NT OW!. N
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It is evident that for the different redii of the fides, which
exceed 0.37¢10"2 a, the expendable drops in the range of experiseatal
error are identical and only for the ssallest size/dimensjon of fila

~ the expendable drops considerably less. Hygroscopic additjon the film

pPlays the role only in the initial stage of an increase in the
untvisted filas, subsequently occurs the washout of salt roa the

surface of fila.

The dependence of the size/dimensions cof the drops, which are
obtained on the being displaced films, on the thickness of filas is
given in Pig. 6. Prom the figure ome can see that with an increase in
:hc»goo-ottic'dinonsions of filas is increased the size/dimension of
the generating on them drops. With the turning of the filas, which
bave hygtoacofic salts, are formed the drops whose increase
subsequently occurs according to the laws cf an increase in the

bhygroscopic drops.

In such a manmer both the being displaced and uatwisted polyaer
fiiles they can be used for forsation in the natural aerospl of large
dropss Noreover during the utilization of the being displaced filas
the nusber of drops is equal to the nusber of filmss. The entvisted
tiles in the presence of the corresponding upflows can repeatedly

O Y R 4 AN S R 1 o A i o e A e G o AT IR A VLR IS, WS 2 PR SRS Ry DT NCAIRE 7o 1
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fora large drops.

| 2. Precipitatioa of aerosol for fimesthin filasents.

ds is knovn froa literature sources, the greatest coefficient of
’ﬁmcaptnte~hcvo 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, vhere r is a

+ radius of drops, R - the radius of cylisder [(3].

Since with precipitation and mergings/ccalescence of drops on ;
yﬂ éylinders ltilaloqts) appears the cosstaatly chenging in time $
| configuration from the drops of different value, in conseguence of ;
; shich is changed the aerodynasmic field of the flow about the systea,

+ it is of interest to study the lavs goveraing the precipitation of

vater aerosol for fine/thin filameats [8§, S).

E! : 48 a result of the fact that the filasents with iacidencesdrop

| through aerosol cloud can accept differeat o:tootattonl. Recessary to
§ | study the laws governing precipitation, merging/coalescence and
| | renoff of drops from filamests in different positioms, ia particular

‘with their horizoatal and vertical arrangesent.
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i } page 315.

Since to merging/coalescence and runoff of drops fros filasents cam
have an effect the chemical nature of their surface, for
investigation vere taken filaments with hydrophcbic and hydrophilic

surfaces.

Investigations are conducted by flov method. Pilament on special
holder is inserted into the flov of aercsol with the follywing
parameters: the speed of flow 0.5 my/s, liquid-vater conteat 1.5 g/a’%,
the diameter of the leaking-in drops of virtually sonodisperse
aerosol 8 um. Conducts sicrocinesatography of the process of
precipitation vith speeds [ 16, 24, 48 framesss. For investigation ato.
applied the filaments fros Plexiglas 1, 3 and thickness 6 um. As
bydrophobic filasents were applied the filasents without surface
treatment, since the Plexiglas is the radly/poorly hydrophilic

saterilal. As hydrophilic are applied the same filaments, but with
surface treatsent OP-7.

The capture efficiency of filaments iz calculated froms the

formsula




vhere Am,~  the mass of the vater, precipitated for the filamest
for tiee 4t, deternined oa the dasis of the experiseatal datas Amy,—
the mass of water, leaking in after At for the sidsection of filasest

k- drop systea.
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the free fros drops sections of filament (b). L is lemgth of filamenmt
im seguence, .- the total length cf the free fros drops sections
of filament, ' - pure/clean filament, Z ~ filasent with serface
ebvoting. '

Rey: (V). s.

Page 316.

The investigations will shov follcwing.

1. The capture efficiency of filament has the greatest value at
- the first torque/moment of the process cf precipitation, then its
value decreases in the course of time (Fig. 7a). So, for a filament 1

um thickness « = 22.0; for 3 ym @ = 8.5; for 6 ym a = 5.5

2. Capture efficiency depends on the thickness of filasent in
the initial stage of the process of precipitaticm, and then it is
deterained by the degree of the filling of filasent with drops and
falls vith the decrease of the free length of filament (Pig. 7b).

3. During the precipitation of drops tor bhydrophobic filament
‘they virtually do not change their foras, during precipitation for the
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hydrophilic (hydrophilic) filament of drop they acquire
spindle-shaped form and their merging/ccalescence durimg filament it
is facilitated, to vhat contributes, evideatly, formation between 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 filasents.

5. During the precipitation of drops from flow for vertical

* hydrophilic filaments is observed the intenmse mction of drops under

the actionyseffect of the force, their merging/ccalescence and runoff
from filament, wvhich contributes to the cleansing of filament from
drops and to an increase effectivenmess of capture on the average 2

times.

6. The diameter of the drops, which flov froa vertical
bydrophobic filaments, is 100 ym and mcre, wvhereas the diameter of
the drops, vhich flov from vertical hydrophilic filaments, on the

v

order of 70-80 pm. ‘ ~ , ;

"3, meaction of water aerosol with the grains of the grinding of

.tentonite.
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By R IR

Por research on the reaction of vater aerosol with the

i lydtophilic and hygroscopic substance, which comsists of particles of

' the incorrect geometric form, was used the grivding of bentonite of

Ukrainian deposits.

b 0f 11 specimen/samples of bentonite of Gorbskiy, Kurtsovskiy, g
Dashukovskiy and Pyzhevskiy depcsits were selected the |

specimen/sasples, the most active in relaticn adsorption of water

“ vapors made of air-steam mixture and possessing the maximum electric

particle charge.

f, * Adsorption of water vapors on bentcnite is conducted under
- dynamic conditions froam air flow. Is determined the curve of kinetics

3 and the value of maximus adsorption.

The particle distribution of the bentonitic povders according to

charges is studied by the sethod of the deviation of the trajectory

. i of the freely falling/incident touﬂﬁisp-t'a particles in unifora
. electric field. All powders are characterized by the asymmetric

distribution function vith the preponderance of the negatively
i charged particles. |

B S T
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Are investigated natural bentonite and the specimen/samples,

which subjected to heat and chemical (acid, alkaline, salt)

treataent.
Page 317.

It vas explained that the optimum adsorptive prcperties and the
saxisum portion/fraction of charged particles with the charges of

both signs possesses the Kurtsovskiy bentonite, thoroughly heated at

¢ temperature of 200°C.

The reaction of the bentonitic powder, which has the maximus of

the particle-size distribution function 10-15 u=» in diameter, with

condensation fog is studied in the chamber of fcg of GGO [[TQO @ -
Main Geophysical Observatory] with respect to a change in the opticail
transaission of fog, which is record/written on recorder tape EPP-09.
The powder of bentonite (60 g) is sputtered with the aid of the
pulverizing device in the upper part of the chasber during 10
sinutes. To tvo working experiments is conducted one control. For a
comparison with bentonite in the chamber test/undergo the powders of
cement and hydrophobic calcium stearate. The estimations of the

" ‘kinetics of scattering fog under the influence Ly reagents it is
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reveal/detected by the statistical interpretation of the large nuaber
of experiments. Each vorking experiment is comspared with adjacent

ccntrol.

The seeding of reagent begins in all experiments upon reachinmg
by the formed fog of the certain degree of transparency, through 5-7
minutes after fog formation. Time of observaticn for the scattering

curve of fog is 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 form, shown in Pig. Ba.

0,15

0.0

005

-]
—— )

. s r Wt (1)
'm.o.ummmnuwnmhmuw

_transparency of fog at its scattering, b) e chesge in velwe -,;-r-f
in time during scattering fog; 1 <« comtrol experiment, 2 < workimg

‘experimeat. Azow/pointer shoved the begiaming of the imtroductios of

s
i i v

TR VA

Shahiaal it ool o f Ahe ot ghe

Sed-




e g

2¢¥

DOC = 77105600 pace &

Key: (1). min.
Page 318.

The estimation of reaction conducts on the processed curve,

expressing the dependence
"=/

- where Jo is intensity of luminocus flux without fog, L.—¥ the

intensity of the luminous flux, passed through fog. During this

treatment of the scattering curves of fog the effect of reagent

4 ippeats more clearly (FPig. 8b).

The experiments vwill show that the effectivemess of Kurtsovskiy
bentonite will render/shov 2 times more than the effectiv ness of
cesent. The hydrophobic calcius stearate, atoaized umder different

conditions, effect will not give.

Bibliography.




g
&
S
4
i
:

'
f

=) &; Be

Aena k L R AnmaMiy x
‘3. ®yke H. amuxa asposoned. Han. AH CCCP, M., | |
- 4. Bepemaro H.T, Osunununxona E H 3axsar R KOSry/iSuWA BOAHOrO

cicrem». Onecca,
955.

aspolonn ua ropnsowtasunoR mwvn. CG. «Bompocw - Hcnapehns, wn Hus B
emare ‘E‘i;."ausu@ﬁn t? wxawe xmunvocxok '

pe
ROSEPRNOCYE




FID-ID(RS)T-1056-77

TITLE (and Subtitle)

SOME RESULTS OF THE STUDIES OF THE
REACTION OF WATER AEROSOL WITH THE PART-
ICLES OF SOLID REAGENT

$. TYPE OF REPORY & PERIOD COVERED

Translation

[6. " PERFORMING ORG. REPC

e Y wv‘rv
N. G. Vereshchqgg, Ye. N. Ovchinnikov,
ot 81.°°

. CONTRACY ON ORANT NUMBEN(S)

. PERFC G ORGANIZATION NAME AND ADDRESS
Foreign Technology Division
Air Force Systems Command
U. S. Air Force

O AREA'L WORK UNIT NUNBENs " | A

l CONTROLLING OF FICE NAME AND ADDRESS

12. REPORT DATE

1970

| '3 NUMBER OF PAGES

25

ONITORING AGENCY N & ADORESS(If diferent from Controlling Office)

18. SECURITY CLASS. (of this report)

UNCLASSIFIED

'S DIC& ASS| ﬂCATION DOWNGRADING

DISTRIBUTION STATEMENT (of this Report)

f Approved for public release; distribution unlimited
i

¥
%

i . DISTRIBUTION STATEMENT (of the abstract entered in Block 20, if different trom Report)

i

3

i18. SUPPLEMENTARY NOTES

i !
|
|

08 (Continue on reverse eside if necessary and identily by block number)

20; O4

Al amm-m-oanmumuﬁumm




DISTRIBUTION LIST
DISTRIBUTION DIRECT TO RECIPIENT

ORGANIZATION MICROFICHE ORGANIZATION MICROFICHE

A205 DMATC
A210 DMAAC

B34lh DIA/RDS-3C

Ccok3 USAMIIA

C509 BALLISTIC RES LABS
C510 AIR MOBILITY R&D
o LAB/FIO

C513 PICATINNY ARSENAL
0535 AVIATION SYS COMD
C557 USAIIC

€591 FSTC

C619 MIA REDSTONE
D008 NISC

H300 USAICE (USAREUR)
PO05 ERDA

POS5 CIA/CRS/ADD/SD
NAVORDSTA (50L)
NAVWPNSCEN (Code 121)
NASA/KSI

AFIT/LD

E0S3 AF/INAKA
EO17 AF/ RDXTR-W
E404 AEDC
E408 APFVL
E410 ADTC
E413 ESD
FTD

CCN

ETID

NIA/PHS

NICD

(TR NRON R T T S iy wpan

H O PHERREBRRERVRRE PREODE

R R R

FTD-ID(RS)T-1056-77




