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Page 3.

PH YS I C O CHFI ~ICAL B A S E S  OF THE USE OF HIGHL Y D I S P E R S E D  A E R O S O L S  FO R

DEALING WITH HARMFUL INSECTS.

A. A. Koval’skiy, K. N. Kutsenogiy

—
In article are analyzed the specific special

feature/peculiarities of the app licaticn/use of highly dispersed

aerosols in fight with harm ful insects. Are shown the advantages of

the use of a powerful cloud of highly dispersed aerosols. Is giver .

e x p l a n a t i o n  of the  reasons  fo r  a decrease in the norm of t h e

consumption of toxic chemical during the use of a powerful wave of

highly dispersed aerosols. Is given the simplest pattern of the

calculation of a change in the dose wit h d istance and is carried out

the comparison of calculation data with experiment. Is noted th~

sa t i s fac tory  a g r ea me n t  between e x p e r i m e n t a l  d a t a  and  calz~u l at i o n .

The chemical method of fight is at present basic wit h the

• - 
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protection of plants from wreckers and diseases (1—3). SoOr , in th e~

opinion Soviet and foreign specialists ’s majority , to this method

will belon g the leading place with the protection of agricultural ar l

wood crops.

Not the always the judicious use of this method was led to a

series of undes irable consequences; therefore along with the

selection of toxic chemical , large value has a selection of the rro~ t

rational method of its appl ication. The g reatest effectiveness wi~~

the smallest  h a r m f u l  consequences, t h e  ba sic cri ter ia, by which one

should be gu ided  u n d e r  d e t e r m i n a t i o n  condi t ion  of o p t i m u m  c h a r a c t e r .

In the final analysis this is reduced to a decrease in th ! n o r m  of

the consumption of toxic chemical and the proper selection of

torque/moment and luration of its acticn Any resid ue/settling of

toxic chem ical on soil and the plants is undesirable, since it

affects not defined for long.

For the determination of the possibility economical uti li z~ tior

of a toxic chemical, let us conduct the compariso n of the funuame r .tal

characteristics of the existing method s of chemical fight with

harmful insects. At present al most entire/all mass of the toxic

chem icals, ut i l ized  in f i g h t  w i th  h a r m f u l  insects, is app i  ied by ~ h~

method of aerial dust ing or aer ia l  spra y ings , also , to si a ll  d ’qr e . ’

in the  for m of aerosols. W i t h  aerial  d u s t i n g  and  aer ia l  sp r a y i n g ,  ‘~h~
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particle sizes are relatively great (more than 100 ~~~ in the form of

the  aerosols of pa r t i c l e  smaller .  The large p r o d u c t i v i t y  o f  aeroso l

.ethod , the possibility of the complet e mechanization/high—lift

device of work and  the p os s ib i l i t y  of f i g h t  w i t h  t h e  f l y i n g  f o r m s  of

insects are t h e  S ign/c r i t e r i a  w h i c h  p r o f i t a b l y  d i f f ~ r t h i s  ~i e t h o d  as

one of foremost .  Is  now n a r r o w e r  accumula ted  the  c o n s i de r a b l e

ex pe r imen ta l  m a t e r i a l , whic h created d u r a b l e  basis for  t h a  p r a c t i c a l

use of t h i s  m ethod  ( 4 — 7 ] .  N o t i n g  t h e  a d v a n t a g e s  of aerosol met hod ai~~

i n d i c a t i n g  t h e  wh ich  a r e  i n h e r e n t  in t h i s  method  s h o r t c o mi n g s , ~he

au thors  of t he  i nd i ca t ed  work  i n s u f f i c i e n t l y  f u l l y r ev e a l e d  i t s  other

essential special feature/peculiar it ies.

Page l$.

Al l t h e  aerosol  g e n e r a t o r s, u t i l ized  wit h the  pro tect ion of

• p l ant s  f ro m h a r m f u l insects , are d i s t i ngu i shed , f i r s t  of ~ f l , by ~he

dispersed composit ion of those w h o  are f o r m e d  by t h e m  aerosols .

I t  is known t h a t  the  genera to rs , wor k ing on t h e r m o — c o n d en s a t i o n

p r i n c i p le , create the  most  h i g h l y  dispersed aerosols. D u r i n g  t h e

pure ly  condensa t ion  f o r m a t i o n/ e d u c a t i o n  of aerosols , t h e  p a r t i c l e

• size compose s ones of microns according to diameter. As a r ” sul~ of

• numerou s exp er ime n ts, it is establish/ins talled that the neutr al

dispersed composition of basic conditions/mode of !IAG (powerful

~~~~1
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aerosol generator) jS such; from the total quantity of tox ic

chemical , t r a n s f e r r e d  i n t o  aerosol stat e, 850/0 f a l l s  on p a r t i c l e s  by

• t h e  diamet er of less S i , to  the  d rops  of more than  25 ~ - a total of

So/o. Thes e da ta  show t h a t  in wor k of NAG on basic cond i t i ons/mo de  is

fo rme d  p r e d o m i n a n t ly c o n d e nsa t i o n  aerosol wi th  the smal l

impurity/admixture of t he  la rger  part ic les, w h i ch r e m a in e d  a f t e r  th~

incomplet e evaporation of drops, forme d during the fragmentation of

l i qu id  by h igh—speed  gas  f low.

The r e c o m m e n d e d  modes of t h e  smal l  t h e r m o m e c h a n i c a l  g e n e r a t o r s ,

pr oduced b~ i n d u s t r y ,  p rov ide  for  a long  w i t h  condensat i on aerosol ~he

co nsiderable  p o r t i o n  ( t o  dozens of percent) of the u n e v ap or at e 4 l  l a rge

pa rticles. W i t h  t h e  m a x i m u m  consu mpt ion  of w o r k  substance in

generator 46-U.n —2 , i m p u r i t y/ a d m i x t u r e  of such p a r t i c l e s  w i l l

be 10— SOo/o of common/ genera l/to ta l  mass. A basic d i f f er e n c e  in  t h e

highly dispersed aerosols is a low size/dimension of toxic par ticles.

We examine in greater detail, as this is exhibited during ‘heir

use. First of all, the action of toxic particles can be revealed in

two ways: or as a result of the direct grip/capture of the m b y

insects at the moment of the passage of aerosol cloud (acute/sharp

action), or as a result of the effect of the particles, deposi t~ d on

the plants  wher e d well h a r m f u l  insects ( p e r m a n e n t  act ion) .

- - - • - • £ ‘~~~.-~-
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When treatment /working is conducted by the method of aerral

spraying or aerial dusting, toxic particles havc very larg .-

size/dimension s (usually more than 100 p in diameter). This is I• ~

-} t he  f ac t  t h a t  less t h a n  the minute after the eject ion of particle ’

they  reach t h e  e ar t h ’ s su r f ace  or su r f ace  of p l an t s , s P t t l i T ~ 1 on t h ~
la t ter .  W i t h  t h i s  m e t h o d  of t r e a t m e n t / w o r k i n g  by basic , is the

resid ual action , whic h is continued indefinitely long time. The

characteristic for hi ghly dispersed aerosols small particles of toxic

chemical settle vary slowly and hold in air long time. Their

propagat ion is determined b y the characte r of the turbulent

pulsations of atmospheric bcundary layer.

Zn real atmosphere because of the intense turbulent pu lsations

of the velocity vector of wind of particle by the diamet ?r of l.~ ;s 2~

~ do not virtually settle (4, page 249~ . For a comparison recall th at

the particles by the diameter of less 0.2 ~ accomplish because ~if t h ’

chaotic motion of molecules prolon ged Brownian motion , barel y

settling even in completel y still air. The highly dispersed aerosols ,

created thermo—condensation by the method , only by those havin -j at

present practical value , in real atmosphere represent virt ually ‘he

not settling system. Hence it follow s tha t basic (lurini the

application/use highl y—disperse aerosols is the acute/shari’ ac~ i t i ,

which is exhibite d only during the stay of insect in aerosol cloud .

- 
• 

- — 

- 
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The resul t  of e f f e c t  depends on the  concen t ra t ion  of a e r o s o l

particles and tine of effect. It is customary to assume that ~~~~

result  of t h e  e f f e c t  of aerosols on insec t is de t e rmined  b y  dose , Ly

this is understood the product of mean concentration and the

retention time of insect in aeroso l cloud (more accurately - in t .’qral

of concentration of time). Thus, it is possible to obtain identica l

resul t , a f f e c t i n g  b y low concentration long time and b y short— ’~ LLn

high concentration.

Pa ge 5.

It is necessary onl y so that in both cases would be equal doses. The

possibilit y of obtaining sufficient death of harmful insect with ver y

• low residue/remainders on vegetation of toxic substances is qrea 4

advantage of highly dispersed aerosols, the giving essential

improvemen t in the sanitary—hygienic conditions. Thus , for ins’ir.ce,

• fo rest , pr ocessed by aer ial  s p r a y i n g  or ae r i a l  dust ing, a p p rox i~~ t~~ly

one month  must be f o u n d  in q u a r a n t i n e  — is f or b i d d e n  t h e  p a s t u r a q e  of

domest ic  ca t t l e  a n d  the use of grasses. During the application/use of

highly dispersed aerosols, the need for this is eliminated.

Moreover, under the acute/sharp effect appears supp lementary

possibilit y to avoid harmful consequences for useful entomological

fa una , if the periods of the active activ ity of usefu l and har mful

~~~ S~~~~~- ~~~~~~~~~~~~~~~~~~~~~ 
-
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insects do not coinc ides  Thus , h i g h l y dispe r sed aerosols h a v e

advantage from the vie wpoi nt of m i n i m u m  h a r m f u l  c o n s e q u e n c e s .

Treatment/working the forests has its specific character. T~ .”

basic w i d e l y  used m e t h o d  is ae r i a l  s p r a y ing .  D u r i n g  t h i s

treatment/workinj Settl in4J particles occurs in essence on t~~~- u i : ~~~r

part  of the  t r ee  t o p s , on th e  uppe r p a r t  of the  sheet su r f  ac~ .

Therefore not always the effectiveness of this treal-m ent,’wo rk i n i i~;

sufficiently high. furthermore , the need for the coating al~-os ’~ f an

entire sur face of leaves is led due to la rge particle size to ~~~

large norms of the consumption of toxic chemical.

Thermomechanic al type small aerosol generators, which f or m

condensation aerosol with the impurity /adm ixture of large part icles ,

for example AG—UD — 2 . have widt h of grip/capture of app roxim atel~’ 1 O()

rn. Therefore such machines can not be applied in forest/sciffoldin~j

where the transient roads are located at a distance 1—2 k~u. The

application/use of powerful generators , wor king in the Sane

conditions/m ode, as low , i.e., with the considerable portion ot. 1a:~ e

part icles, is inexpedient , since due tc strong filtration ir

• scaffold ing/forest large particles rapidl y will settle. At a ~1is~~a nce

in several kilometers from the trajectory of generator will be

virt ually spread the particles of condensation origin , i.e., by

diameter several microns. Due to the low speed of the sedimen t-a~ ion 

-- -~ --.~-
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of such pa r t ic les  of t h e  h i g h  e f f e c t i v€ ness , it is p s s i t 1  e to ~~~~~~

only with an increase of tne dose into dozens and of hu n drrd s of

times [4, page 135—147). Thus, ~-rior to the beginning of thc

experimental production tests of MAG ’ against wood wreckers w e -re

• doubts of the prospect of such treatment/workings. The ~any— y o a r

experience of successful application /use of NAG against a series of

dangerous wood wreckers showed the ground lessness of these f-~a rs.

Highly dispersed aerosol cloud was su f f i c ient ly eff ecti; at

distances to 5—7 km of the trajectory of generator [~~ , 9].

-4

Thus , from analysis it is evident that a change in the

dispersity changes the character of effect. With aerial spravi r~ ap i

aeria l d u s t i n g  th e y  dealt wi th residual action , during the use of

highly dispersed aeroso ls — with acute/sharp action. Aerosol m e t h o ~

on the streng th of the fact that the particles are locatel lon i t i m ~-

in suspension , makes it possible to carry out an effect and by h i g h

concentrations and low concentrations.

Let us examine the qualitative picture of the propag~~tior o~

aerosol wa ve on the workable territory. When conduct ing of aer osol

t r e a t m e n t / w o r k i n g  gene r a t o r , mo v i n g  a p p r o x i m a te ly  p e r p e n d i c u l a r ~o

wind direction , is c rea ted  the w a v e , w h i c h by w i n d it is t r a r s f ~ L r ~’1

on t h e  ass igned/prescr ibed  t e r r i t o r y ,  be ing  erode d because of

t u r b u l e n t  d i f f u s i o n .  Since g e n e r a t o r  move s w i t h  s u f f i c i e n t ly h i q L l

TT TT T - —- -. - --- ~~~~~~~~~~~~~~~~~~~~~~~~~~
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speed , for short tim e it creates long wav e (by length seve ra l

kilometers).

Page 6.

Blurring this ex tended wave along the trajectory of geneL~~t r  o(~cur~

onl y at  ed ges, and in cen ter  section the concen t r a t i on  can be c1~ i~~q~’ I

only becau se of b lurrin g in vertical direction and in win d L 1 ir r c ~~j c ’r .

If cloud was not eroded in vertica l direction , then its b lu r ri nq

along wind direction would be led , on one hand , to a decrease in h.’

concentrat ion in cloud , with .tnother — in equal measure to an

increase in the tim e of effect. In this case the dose would not ~ e

changed with distance.

The basic factor , which determines a change in the lose , w i t h

distance , is the vertical blurring of cloud. This means that it i~

necessary the  c o n d i t i o n s  of cond ucting the treatment /workin g t o

select so that the vertical blurring would be smallest . Therefore a L .~
mos t f a v o r a b l e  the  c o n d i t i o n s  of t he  i n v e r sions , w h i c h  occu r i n  he

period bet ween a p p r o a ch  a n d  sunrise. In the process of [ - l u r r i n i cI~~ i~

near the ground of atmosphere , its vertical size/d imension grows

s lowl y t h a n  d i s tan c e  f r o m  the  t r aj e c t o r y  of g e n er a t o r .  W i t h  con~;t t n ’

c o e f f i c ient  of t u r b u l e n t  d i f f u s i o n  and  w i n d , as we s ha l l  ~e*’ t rom

fu r t h e r  q u a n t i t a t i v e  e v a lu a t i o n s , a n increase  in the  vp~ tj c n l

I
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size/dimension is proportional to squa re root of the distince , ~~~~e1

by wave. If we now compare the dis 4 ances at which the doses from ~ w

ge nerators  of d i f f e r e n t  power  w i l l  be identical, then it a o p c a r : -  t h a t

f o r  a more powerful generator tni s distance increases faster ~h i n

grows its power. Ph ysica l sense of this in the nonlinea r -1epen ir’nc.~

of dose on distance.

In order to better understand the reason for a decrease ir ‘h e

norm of c o n s u m p t i o n , let us observe  a cha nge of the  dose i r .  po we r~~u1

cloud, beginning from the distance where the dose from small

generator fell to smallest possible va lue (to the valu e of th~ l~ th a1

dose).

-
• It is obvious that from mor e p o w e r f u l ge nera tor  at a d i s t a nce

• where from small generator we have lethal dose, dose will be nor - as

much once, in as are distinguished the power of g~ rerators. Now l i t

distance will increase so much once, in how often are distin guish ed

the powe r of generators. If dose varied linearly with distance , ‘h

at new distance from powerful generator , dose would become equal

lethal. Rut when the decrease of d ose cccurs more slowly, a t  n e w

distance the dose from more powerful generator will be abov~. l . ” ha l.

It is clear that now from the powerful generator of leth al t h e  desc’

will be at a distance which increases faster than an increase in ‘h~

power of generator. For ekample , if vertical size/dim~ nsi n in~’r - t s ~~; 

~~~~~~~~ - •- —_ _ _ _
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proportional to the square root of the distance, passed by wave , then

for two generators , which differ in power two times, distances at

wh ich the doses have identical values, they will be distinqui sh~~

four times. Since for a double more powerful gene rator (~~ nerator ,

wh ich consumed dur ing the creation of the clou d of identical extent

double mor e toxic chemical) the unknown distance increasei four

t imes , the average  nor m of consumption (or the specific consum ption

of toxic chemical) decreases double.. Thus, an increase in the p o w e r

of aerosol generator is led to a reduct ion/descent in the avera-~~

norm of c o n s u m p t i o n .

Than  more p o w e r f u l  cloud , those nc t  larger  d i s t ance / r e m o v a l  i t

re mains  ef fec t ive  i n  comparison with low. Rut at larger

distance/removal from the line of the generaticn of aerosols cloud

more is eroded in longitudina l wind direction , thereby increases th r~

time cf effect. As a resu l t  of an increas e in the  t i m e  or e f f e c t ,

appears the possibility of the effcctive processing by small er

concentrations.

Page 7.

Since there are no fundamental limitations for the power of

aerosol generator, logically doe s arise question, are ther e f a c t e r s ,

which set practical limitation on the ma x imum rower of generator?
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Beg inning from 1961 in the Institute of chemical kina’~ics an -i

b u r n i n g  of the AS U SSR t h e y  are conducted  the wide e x p e r i m e n t a l

prod uction tests of powerful aerosol generator. During this period

processed the area about a million of hec tares, mainly, for~ st. In

the process of testing, the generator worked in this conditions/mole :

the speed of motion of approximately 10 km/h ; power of approximately

200 1#/nin of 100/0 Solution of DDT in diesel fuel. This corres ponds

approximately to 100 g of toxic chemical to linear meter in

comparison with — 10 g/n for a generator of the type AG—tJ D— 2. Wi th t h~

effective width of the grip/capture 7 km (death of the caterpillars

of gipsy mot h and pinewood beetle at this distance ‘was ~Q- 950/0) the

productivity of the machine —7000 ha/h. and the norm of the

consumpt ion of toxic chemical of approximately 0.2 kg/h a i n s t e ad  of

1—1.5 kg/h a for AG— UD— 2 [101.

The many—ye ar experience of app licat ion/use of [lAG in the

different regions of Wester n Siberia and Urals showed that $0

inexpedientl y create the machine, having the width of the

grip/capture of more than 10— 20 km . since the width of the wood

sections, strongly infected by harmful insects, as a rule, doe s no ’

exceed the indicated value. At the same time maximum power of “~~~~

double no longer is earlier. In separate experiments durin g
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-i
conducting official tests of [lAG at pow er of appr oximately 300 1,/mm

it was establish/i nstalled that the death of the caterpillars of the

gipsy moth of 4—6-go ages at a distanc e 15 km of the traj?ctor y of

generator was equal to 92o/o.

To similar conclusion/derivations it is possible to arrive , or.

the basis of other considerations. For example , in scaffolding/fores 1

the average wave propagation velocity on the workable territor y of

approximatel y I rn/s (3.6 km/h). Time of days. most favorablc~ for

conducting the processings (inversion), approximately froi 22 to S 1-

of the morning , i.e., 7 hours. Therefore under conditions of fores’~

irrational to utilize generators with effective distance it is more

th an 2~ km.

Use of a powerful aerosol wave, in th e first place, makes i t

possible of using the aerosol method unde r conditions of the for’~st

where is absent the dense grid/network of roads; in the second niace ,

it decreases the norm of consum Ftion ; thirdly, because of t h e  longer

lifet ime of cloud due to turbulent d iffus ion is led to

al ignment/levelling of initial heterogeneities, as a resul t of w ’i~-h

toxic chem ical more evenl y is distributed on the workable terrj+or y

(it is improved quality of finish). Reduction in the cost/value of

processing (decrease in the norm of consu m ption) makes it po ssible to

utilize this method for preventive target/purposes. Processing l~ r

~ 
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area for short t u e  eliminates secondary po~’ulat ion harm tu l in~ .c~

because of them from the unfinished areas. Enormous pr od u :tivit j

makes it possible •o conduct tight within the extremely compre s~~’l

periods, that are important when selecting of optimum ~on iiti ”~n.; (~ L ’

most vulne rable tim e for harmful insects, less dangerous perio~~; f u

the useful entomological fauna).

Let us pass to the simplified quantitativ e description of ~~~~~~

laws governing the distribution of highly dispersed aeroso l c l o ud .  :~

this case, mathematica l calculations will be utilize d only in t~ .it

mea sure, how this is necessary for the explanation of nume ri c-i l

ratios. Primary attention let us focus on the physical essen ce -~~~~ tue

phenomenon .

The p rocess of ‘he propagdtion of aerosol wave is det erm in . d ~

the laws governing turbulent diffusion. This phenomenon i5  ver y

complicated and it is varied. Even within the framework of

semi—empir ical description [11 ) during the comparison ot :alctila ion~

with experimental data it is necessary to take into consiier ,
~t ion

change in time and in space and wind velocity and diffusi on

coefficients.

Page 8.
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Is not  less s u b s t a n t i a l l y the  ef fect  of t he  charac te r  of t h e

un derlying surface. To say nothing of about the f ac t  t h a t  t h e

measuremen t such ~ f a quantity of paramet ers is completel y

unacceptable from the pract ica l point, since when conductin~ of

economic processings it is not possible to carry out tht~ seasui~~~ent

of the large number of different characteristics by themselves t hc-~~

measurements become meaningless, since fa rameters enum erat ed ~t’ov~

are very variable. It is logica l  t h e r e f o r e to a t t e m p t  t o  ~ im p l i t v  ~he

calculat ion procedure, after isolating the most important

characterist ics, which yield to the simp lest measurements.

Pot the calculation of a change in the dose with distance , ~e

selected the model where coefficients of turbulent diffusion and win~

veloci ty h av e  t h e  c o n s t a n t  ass igned/prescr ibed  values.. M e a s u r i r .  t~~

dose at di fferent d istanceS from qenerator , an d also the v~~l ’ci~ y .) 1

wind , it is possible, being given the coefficient of turbul ent

diffusion , to conduct the direct/straight comparison of comput ed

values wit h experimental data. The coefficient of turbul~~~t diIfusie ’i

is found throug h measured wind velocity, since these parameters

closely interconnected f 11]. According to the degree of th~

• conformity of experimental values ca lcula ted was decided the -~uest io:~

concerning the suitability of this method of calculation in app end ix

to practical needs.
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Let us examine distribut ion in the space of the concant rati- ( n )t

aerosol as a result of the act ion of the instantaneou s line sourcr ,

arrange/located along the axis y. As we narrowe r indicat~ .1 ear lier ,

the pa rt ic les of highl y dispersed aerosol have low size/limensions

and their motion under the act ion of the force of gravity can he

disregarded in com parison with the transfer as a result of turhu !c’~

diffusion. In this case the concentration ot suspended •~tter in

space at the different moment of time wil l be expressed by the

formula

— 
(I)

4r. k V

an d logica ll y it does not depend on y.

Here k — the coefficient of turbu l ent diffusion in i2/ ~~~ ~~me t

is counted off in seconds from the torque/moment of the ge nera ’ion ot

aerosol.

If source power Q is expr essed in gfa, then concentrmtion w i l l

be ex pressed in gte 3. Under actual conditions the generation of

aerosol occurs not simultaneously on entire line, while at ‘he

different moment of time, determined by the final rate of the

displacement of generator. Therefore concentration distribution ot

aerosol in space durin g displacement alon g y axis is chan;ed

reasonably of dependence on time. Because of this will occur ~ hp flew

I’
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along y axis, somawbat dist orting the picture of the dis tribu tion ‘)f

the concentration of aerosol of equation (1). Essential. iiffusion

exchange in t ime t occurs within the limits of the limited space SA y ,

moreover A y it can be estimated from rela tionship/ratio £v~~’2*t.

If difference in tile t, equal to ~t and corresponding to change ‘i

then si. to y.+Mi. is small as compared with time t0, i.a., A t <(

to, then the error , caused by neglect of a chasqe ii the

concentration alon g q, axis, will be low. If th. velocity of motion is

equal to u, t hen  L i ~~~ and therefore At ~ ~
‘
~
‘
~LL..• Thus, e.juatiar

(1) can he used for the computation of the concentration of aerosol

~I ’kVwith good accuracy/precision under condit ion ~~~~~~~~ At the
a

velocity of the lotion of the source several meters per s?cond - i r ~d

with value of the coefficient of turbulen t ~iffusion k on the or-Icr

of 1 m e/s this condition are f u l f i l l e d  w i t h  t o larger t h a n  sever -a l

tens of seconds.

Page 9.

The stricter solution of the pr oblem of concentration

distribution of aerosol in space for the generator , which is mov e .!

w ith f i n a l  velocit y, shows that for the real values of k the f o r m u L~ ,

which describes a change in the concentration of time for the -~ou r c - ’ ,

• wh ich move s with final velocity, transfer/converts to e q u a t i o n  (1)

atter after ~ s from the beg inning of the work of generator.
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Considerably more strongly manifests itself initial condition 1u’~ ~~

the finite dimension of the jet, which escape/ensues from qene rator.

Since jet velocity decreases to the value Ct the order of severil

meters per second at a distance where the width of approximatel y 2 0  n

on a radius, to use formula for a linear instantaneous source is

possible after 100—200 s.

Keeping in mind concentration distribution of aerosol nea r the

earth’s surface w h e n  i ts  g e n e r a t i o n  occur s at a low a l t i t u d e  h ,

concentrat ion in the sane approach/approximation can be described by 
• 

- -

the equation

I — ~~~~~c — • -  -
~ 

— e -“ Ie ~~‘ ± C i” I. (2)
J

Concentrat ion at ;round level (with z = 0), obv iously, will be eiual

to

—v--- e - — ( 3 )

These equations can be extended to the driving downwind aerosol

wave , examin ing it in the coordina tes, which are moved t o g e t h e r  w i t h

it with wi nd velocity.

Let the aerosol wave be transferred by wind with velocity v (y -

the trajectory of generator). Then for the computat ion of the

concentrat ion of aerosol at a distance of R from the line of
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generator (w~ y of generator ) tine t in equation (3) it is necessary

to take t = B/v.

Maximum concentration at ground level at a distance of fl (or,

which is the same, at the moment of time, equal t) • i.e., with x 0,

it will be equa l to

(4)

Maxim um concentration at ground level with the same sou rce po wer

Q at height/altitude h, different from zero, is very low. At short

distances from the line of the course of generator, it grows with an

N’increase in distance B , it reaches the greatest  va lue  wh en
V •

and it is decreased again. At large distances it falls inversely

propor t ional  to B.

As t he  e x a m p l e , w h i c h  charac te r izes  the biological  e f fe c t iv e n c s s

of aerosol wave , let us examine, as it is changed in the course of

time and by distance dose, understanding hearth by it 3 cdt,

distributed all the time of the pr esence of aerosol at the particula r

point. Dose of the earth’s surface

JJ.o S c o d t _
~~ j P _ e  4” dJ . I-

If the  t o r q u e /m o m e n t  of t h e  emergence  of aerosol is equal .  su f f i c ie r t

to wide interval of tine t0, then it is possible w i t h o u t  l a r j e  er r o r  - 
-

- - ~
‘:
~ i
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to suppose that

•~~~ J1o
.

A Page 10.

The n , replacing dx = vd-t and integrating, we will obtain

—
‘I—

= 
_
~L “ 

i”
--- ~ e le dx — e ~~‘ (5)

2i~kg0 V

If we suck the air through the filter wit h constant velocity P

aIsj , beginning with the torque/moment of the arrival. of wave ani
I

ending wit h the torque/moment when aerosol wa ve passed , t h e n  on

filter will settle a q u a n ti t y  of aerosol A(g). This quant ity (le~ us

call/name it sample/test), obviously, equally

c,Bdt~~ j(~/j. (61V
t 

— —

Th us, the  which interests us value D0 is equal to the quantity of

deposited on filter toxic chem ical, divided jntc the velo city of

H sampling. The value of dose can be expressed by distances from the

4 line of the course of generator R. Replacing in equa t ion  (5) t o on

B/v , we wi l l  obtai n

= —~~~~~
---

~ e AkR (7)

The values of the doses, given by relationship/ratio (7) for

different distances from the tralector-y of generator, are give n in

I- ~
- -  

- - L~l~~~
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figure.

• From the examination of figure , it is evident that the greatc~~t

changes in the value of dose are observed at small distance f r u i t

• genera tor. So, tha s m a l l  f l o t a t i o n  of aerosol wave because of t~~e

initial superheating of cloud causes a considerable change in th e

dose. Hence it is clear that the experiments, ccnduc ted on t he sma l l

generator when the determination of a quantity of toxic chemical i~

produced at distances into several hundreds of meters, do not make iti

possible to establ ish/install any quantitative laws. With an incre~~~

in the  d is tance, t h e  effect of initial flotation manifests itself

• in c r e a s i n g l y  less. For e x a m p l e , change in altitud e of flotation to ~O

a is narrowe r from distance 3 km and furt her it leads to a chan qe in

t he  dose not more tha n two times, which is within the limits at

present of possible experimental spread. The most important

consequence of the established/installed laws for the practica l use

of an aerosol method direct ly follows fro m the law of a change in ~he

dose with distance. In the case of ground—based source, or beg inr i r;

from the listance where the elevat ion of source is unessential , the
Qcone

decrease of dose with dista nce is subord ina t ed  to dependence  —____

If ~
This indicates  t h a t  if it is necessary to create the zone within

l imi ts  of wh ich the dose must he more tha n certai n JL~~~, th en  w i t h  a~’

increase in the p o w e r  doub le  t h e  w i d t h  of the  e f f e c t i v e n e s s  of

processing increases f o u r  t imes.  In su m m a t i o n ,  th e speci~ ic

consumption is decreased double.

• - — —
~ • ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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S

0 2 4 6 S ~V

~3 1 O~I ~~ ~~~~~~ ~~ ~~~~ ~~~~~~~~ a~~ ’i ,~e
‘il— o (I): tO (2) ; 20 (3); ~() ~ (4);
k — I •~-~/ Ce~ ; u —I Mfct~ ; Q— 100 ~/M.

Key: (1). Dose, ~.sg/l.s. (2). Distance of the line of the generation

of aerosol , km. (3). h = 0 (1) ; 10 (2)  ; 2 0 (3) ; 50 a (Li ) ; k -.1

a2/s; v = ~4 m/s; Q = 100 g/n.
t

Pa ge 11.

It was previousl y indicated that the use of a diagram of th~

calculat ion of the Jose where the wind velocity and the coefficient

of turbulent d i f f u s i o n  were cons tan t , poss ib ly ,  if t h e  ex p e r i m e n t a l

values of doses a r e  located in accorda nce with those who were

calcu la ted . Therefore  d u r i n g  p r o d u c t i o n  tests  of N A G  were  m e a s u r e d

doses at d i f f e r e n t  d i s t a n c e/ r e m o v a l s  f r o m  genera tor .. Those who w o r e

obtained as a resu l t  of these measurement s of the value of doses wei~

used for testing of the suitability of the taken model.
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Poi nts in th e  f i g u r e  pl ot ted/ app lied th e m aximum values of -h ’~

doses, mea sured under field conditions at different -iistance/r ernuv ’ii ~-

from the tra jector y of p o w e r f u l  aerosol ge n e r a t o r .  C u r v e  1 g i v es  ~ hc

ma x i m u m  possible va lues  of dose w h e n  source is located nea r f r o m the

earth/ground. Under actual conditions the escape/ensuing from

gene ra tor jet  of h o t  gas has  excess t e mp e r a t u r e  in compar i so n w i t h

surrounding air. Therefore depending on external meteoroloqical.

condi t ions , aer osol cloud can float because of Archimedes forc~~s.

H 
The re is at present neither no experimental material nor the

theoretica l relationshi p/ratios which would make it possib le t o

su f f i c i ent ly accu r a t e l y  and r e l i a b l y dete r m i n e  the h e i g h t/ a l t i t u d e  of

the flotation of cloud . But when the height/altitude of f l o~ a t i on  is

low , we they must obtain the dos es, close to values , g iven  b y curve

1. As can be seen from figure , experimental points will agree well

with the designed dependence.

Thus , for practical needs the estimate of the magnitud e cf do~~
and character of its change with dista nce depending on wind velocity

and coefficient of turbulent diffusion (it is selected in accot-lnn ce

with measured wind velocity, is taken its average value for the

characteristic conditions of conducting experiment ) can b? mad .~, if

are k nown  the  pow er  of gene ra tor  and  t h e  h e i g h t/ a l t i t u d e  o f  t h e

ejection above the earth’s surfac~ . 
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Fr om ‘he r~~su l t s  of o b s e r v a t i o n s  c o n d u c ted  at t h e  I K h K i G  o!

AS USSR , at the power of gencrator 100 ~j /m , highly Jisper s~’~ aorw-~~1

cloud was led to the d e a t h at )0— 9~ o/o caterpillars ~f . ji p sy  m ot h • i i H

pinewood beetle at distances to 5— 7 km [8, 9]. At distances ir o n  1 ‘a

7 km , th e do se i~ changed dith ir . limit s from 900 to 250 ~Jg/~ .s • i ~

the height /altitude of ejection is not more than 20 a. Fvi de n t lv ,

dose 250 4g/~.s is close to the letha l dose of hig hl y dispersed

aeroso ls for insects enumerated earliet . For a generator o +~ ty~ e

AG — tJ D— 2 , pow er  is close to 10 g/m , i.e., 10 times , it is less. I r

wave f r o m  AI. ;— UD — 2 su r f a c e s  u n d e r  the action of Archime des forces on

- -I
f height /altitude 10 in or more, then maximum dose will be equal to 12~

pg/l.s. This fo]lows from the proportionality of the dose of t h e

power of generator (for NAG m axi m uw dose with h 10 a it is equal ~~

1200 ~ig/t.s) . But this dose is less than th€ dose of t h e  h i q h l y

dispe rsed aerosols , which ensure sufficient death of ha rm fu l insects

despite the fact t hat the s pec i f i c  c o ] su m p t i o n  d u r i n g  test ii’q of

AG—UD’-2 is more 5-7 times , t h a n  in t he case of app lica t ion /u se 01

N AG. Th is it sugges ts , that t h e  e f f e c t  iveness of sm all aerosol

g e n e r a t o r s  most is probably determined by the presence of the

cons iderab le  p o r t i o n  of t h e  l a rg e  u n e v a p o r a t e c t  p a r t i c l e s, h u t

therefore small aerosol generators using the method of action are

nearer  to l i g h t — d r o p l e t  sp raye r s  t han  to th€ generators of
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condensation aerosol.

Af ter feed in g sum to entire presente d above, we come to

f o l l o w i ng conclusions.  A c h a n g e  in  the  dispersed compos i t i on

s i g n i f i c a n t l y  c han g e s  the character of the act ion: with aerial

spraying and aerial dusting (large particles) — p e r m a n e n t  a c t i o n ,

during the use of highl y dispersed aerosols (small particle) —

acute/shar p action. For the possibility of effective fight wit h

harmful insects, the generators of highly dispersed aerosols must

ha ve large power. The applicat ion/use of generators of the hi ghly

dispersed aerosols of large power ma kes it possible to decrease ~ho

norm of the consuip tion of toxic che~n ical , consideraily decreasi ng

the cost/value of processing and improving sanitary—hygienic

condit ions.

Page 12.

When conducting of practical calculations ot the doses of highl y

dispersed aerosols, it is possible to set/assume wind velocity an d

the coefficients of turbulent diffus ion by constants under the

selected conditions.

Institute of chemical kinet ics and burning of the AS USSR ,

Novos ib i r sk
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A. A. ko va l - s k i l , K. P. K o u t z e n o g l t
TIff PIIYSICO-CHEMICA I. FOUNDAIIO NS

OF TI lE APPLICATION OF HIGH-DISPERSI I) A EROSOI .S
- 

FO R PEST CONTROL

ThC feat ures u t  t h e  application of hi~ h—dispt• rsed aerosl is b r  pest tontrol Is illscits
stu l. Tilt’ .idv an Ia ~t•s l b th is pest &-o ntro t meth od was situ IWfl . The tuIit &’pt ‘‘dtt~e’’ t he
integral of CoflceIItrtiIIofl ov er tim e) Is ns~d to e tplain t he  redution of siuu’clf ie espense .
ci t lfiseCth~ide w ith t h e  application of a powefut aerosol generator.

Sit pos ,ng t he coeff icient of flit’ tt urhiiknt utilfusiun .in I wind arc eunstant . t he  dose
at ~ ar i nIIs d is t a t i i c -s  trou t t hti ~ aer osol i~euue rat o r ~s.ts cLiteuleted. ilie dust’ was also inea-
Mired III the bk-I~I ex pe riunc -ht h. hit t-~ ucri,ul(ntal data are In acco rdance with C.tIC UI Iht’ .
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DISTRIBUTION LIST

DISTRIBUTION DIREC’T TO RECIPIENT

____ ORGANIZATION MICROFI CHE ORGANIZATION MICROFICHE

A205 DMA4TC 1 E053 AF /INAKA 1
.A21o DMAA~ 2 E01. 7 AF/ RDXTR—W 1.

- 
B3I~~ DIA/RDS—3C 8 E404 AEDC 1
C01e3 USPJ4IIA I E408 AFWL 1
C509 BALLISTIC RES LABS 1 E4l0  ADT C 1
C510 AIR MOBILITY R&D 1 E4 13 ESD 2L LAB/FI O FTD

____ 
C513 PICATINNY ABSENAL 1 CCN 1

____ 
C535 AVI ATION SYS COM1) 1 TQIS 3

____ N I A / P R S  1
C591 FSTC 5 NICD 2

____ 

c619 t’ttA REDSTONE 1
_____ D008 NISC 1
_____ 

H 300 USAI CE ( U5AREUR ) 3.
~~~~ P005 ERDA
_____ 

P055 CIA/CBS/ADD/SD 1
____ NAVORDSTA ( 50L) 1 -

NASA/KS I 1

AFIT/LD 1

- 
1.~ - -

::. :~
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