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INVESTIGATIO N OF THE METHOD OF EFFECT ON CONV ECTIVE CLDUDS WITH THE

AID OF SUR FACE-AC TIVE COMPOUNDS .

Ye -’t’e .Korni yenko , N . V. Tovbin , A. I. Furman.

Page 99.

Duri ng the i.~ ve lopment of the method s of the art ifi :La l causing

of precipitat ion, as under the influence on other weather processes ,

ma in condition is at present the detecti3 n of those ~~~p~ ient/links

of the pr~cess of the formatio n of the precipitat ion in wiich with

the aid of microeffects it is possible to obtain macc~ sc ,pic effect.

This condition is caused by the fact s that energy of

prec ip itation—for iing processes considera bl y exceeds the energy

possibilities of :ontempora ry technical means (5]. Th~ difficul ty of

developing the effective method s of the causing of pr~~ ipltatio n is

caused also by th? facts that the question concernin~j the mechanis m

of the nat ural processes of precipitation formation still distant at

present from solution.

One Of the p ssible mechan isms of the format ion of precipi ta t ion

IIIL 
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in convective cloids is proposed Langluir [2] the chiin/:itenary

process of the fragme ntation of large drops.

In cumulus c ngestus clouds, as a ru le, is contained certain

quantity of large drops of water. Falling under the action of the

force of gravity, such drops seize in their way cloud particle s

(gravity coagulation) ; gradually increasing in size/liien3ions. With

the specific “critical” dimension, namely, after achieving a radius

of approximate ly  3 mm , drop it becomes unstable and spontaneously it

decomposes to smaller drops. The latte r are t ransferred b F the
I
.’ ascending current s  to the upper part of the cloud. In t h is  case , t h ey

also increase, reaching the size/dimensions at which t h e  ascending

currents no longer can support them in suspension. Further suc h

particles again begin to be omitted, gradually increasing to critical

dimensions. As a result of the multiple repetition of the described

process , occurs t h e  dispersive rearrangement of cloud , a . i a n t i t y  of

large particles in it continuousl y grow/rises, which as t h e  f i na l

result is led to precipitation. The possibility of devel pm ent in the

cloud of chain,’catenary process as showed Langnui r, is determined in

essence by his vertical power/thickness and liquid—water content.

On the basis of approx ima te computations , it is p ssible to show

that the •echanisa of the chain/catenary fragmentation of drops under

natural c3nditions can occur only in the clouds whose wertical extent



~ - - ~~~~~~~~~~~~~~~~~ -- --r-fl~~~~~~~~~~ - 9 -- - -

DOC = 77228900 PAG E 3

about 7 ka and average liquid—water content are not less than 1 ~~~~

Taking into account foregoing, durin g the developme n t of the

method of the causing of precipitation from convective cI. uds, one

ought not to have provided artificial effect precisely on the

chaim/catenary process of the fragmentation of large drops.

Page 100.

In otker words , it is necessary to explai n the possibility of the

boosting of the  process of the  f r agm e n t a t i o n  of drops in cloud s and

artificial to create suc h conditions under which chain,’catenary

pr ocess can be developed in the  cl ouds of sma ller power / th i ckness .

For explaini~ g this possibility, one should exam ine the factors

on which depends the development in the cloud s of the chain/catenary

process of the fragmentation of drops. By such by factors, as n oted

above, are first of all vertical extent and water content of c louds.

Ho wever , to a f f ec t  a r t i f i c i a l l y  these parameters  is n o t  r ep r e s e n t e d

at present possible.

Fur th e rmore , the development of the  cha in/ ca t enary  process of

the  f r agmen ta t i on  of drops depends on thei r  cri t ical ~iieas ion.  In

connection wi th  t *is arises t h e  question concerning t h e  pos s ib i l i t y

_  • -~~~~~~~~~~~~~~•--
•
~~-~ • -.~
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of artificial effect on the  cr it ical dime nsion of the  s p o n t a n e o u s l y

crushing dro ps, decreasin g wh ich, it is possible to cause

chain/catenary pr cess in the clouds of smaller power/thickness and

liquid—water content .

For the  ca lcelat ion of the  c r i t i ca l  dimension of t h e  crus hing

drops V. G. Levickea ( 1) was formed an equation

(1)

where r~- is a critical radius of crushin g drop, v — the rate of its
• 

incidencefdrop, p — air density. • — surface tension on boundary

liquid — air , A - a constant value.

Equation (1 ) ,  as it was shcvn one of the aut h ors of present

article [4], it will agree well with experiment.

As can be seen from the equation of Levich, the size~ dime nsion

of the spontaneously crushing drops is proportional to the surface

tension of liquid. This makes it possible to outline the way

artificial change T~ and thereby, artificial effec t on the

developmen t of the chain/catenary process of the fragmentation of

drops in clouds. 5o, the impurity/adaixtures of surface—active

compounds PAV [surface—active ag ent])  are capable sharply

(2—2. 7 t imes )  to  reduce  the  sur face  tension of water  and  respect ively

• 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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to decrease a radius of the spontaneously crushing drops, this must

create fav orable condit ions fo r  development  in the c loud o f  the

chaia~ catenary process which  can give rise to of preci3itation . In

this case,, as sh wed the calculations of B. V. K i r y u k h i n , for

developing the chain/catenary process, the required s i n in t i m

power/thickness of cloud composes altogether only 3—is km wit h

l i qu id—wate r  c o n t e n t  of a p p r o x i m a t e l y  2 g/m ’.

On the  basis of t he  indicated considerations was p la:ed the

problem — develop the  method  of t h e  a r t i f ic ial causing of

precipitation f r o m  the  clouds of a comparatively low power/thickness.

It xs nece ssary to keep in mind that the proposed metho d makes  it

possible to give  beginning to the process of the  f o r m a t i o n  of

precipitat ion, for  the addition/completion of drop—form ing fraction

ia cloud , the me thod  effect does not have.

In connection with this the applicat ion/use of the leveloped

method could give noticeable practical effect first of all in the

clouds of considerable power/thickness. However , the field testing of

its effect iveness it was solved to fulfil l on the clouds f a

comparatively low power/t hickness for following reasons.

First of all it is necessar y to establish/install th a t “doe s

wear/operate” •ethod generall y. This testing is most better carried

-- ~~~~~- ra~~~~~~~-
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out on cloud s whose p robab i l i ty  of cha in/ ca tenary  process  u n d e r

na tura l  condi t ions  is smal l .  Incidental ly  is e l imina ted  t h e  e f f ec t  of

crystallization on the  fo rma t ion  of precipitat ion ; let us note tha t

in the steppe part of the Ukraine where it was assumed to ca r ry  out

experiments, clouds whose power/thickness is are more than is ka , as a

rule, have temperature at the height/altitude of apex/vert ex below

_ ‘0o.

Page 101.

It is of als interest, is it possible with the aid of this

method to obtain virtually significant settlings in the indicated

area, wh ich possesses the determined resource/lifetimes of clouds Cu

cong, which do not overgrow na tu ra l l y  in Cb.

Final ly, the available technical capabilities (aircraft of

IL—his) did not make it possible to carry out experiments on the

clouds of considerable  vertical power/t hickness.

With those, in order to enlarge the possibilities of applying

the method, nam ely, artificial to increase the rate of growth of the

drops, which contain PAY , to the selected reagent was added urea —

the hygroscopic substauce, virtually not decreasing the effect PAY on

the surface tension of water. 

~~~~~~~~~~~~~~~~~~~~~~ • _
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t

Field tests f reagent  were carried out by s u m m e r  1~~56 in the

steppe areas of the Ukraine, part of t he  exper ime nts in t ee  Black Sea

coast of Caucasus.

The fault of reagent into cloud was realized with the aid of the

aircraft liquid installation, ensuring the expenditure/c nsumption of

• 11 l/s, t h r o u g h d e l i v e r y  pipe wi th  a diameter  of 15 cm. In re la t ive

wi nd , the jet of r e a gen t  was crushed and in the for m of small drops

fell into cloud.. Reagen t  was in t roduced luriug the flight/span of

aircraft in cloud dec k (on 100—200 m its lowe r than  upper  b o u n d a r y )

in a quantity 10—15 t on km 3 of t he  volum e of cloud.

After gulf/ba y the aircraft descended under the basis/base of

experimental cloud and was located here prior to the beginning of

precipitation and during entire time of their precipitation. Was

T record/fixed time of the beginning of precipitation, their duration

and iRtensity (visually) on gradations “separ ate drops”, “weak rain”,

the “moderate rain”.

Effects were carried out into the second half summer/years under

diverse synoptical conditions. As a rule, near experimental clouds

were located Cb, the given natural settlings. 
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Parameters of t h~ clouds, subjected to e f fect , a n d  t h e  resu l t s

of experiments are given in Table 1.

• A-s can be see n from these tables, the vertical extent of clouds

was located 2130— 4 190  m , in th is cas e in 1 1 cases of 15, it exceeded

2500 a. Temperature at the height/altitude of seeding was almost in

all experiments  is negat ive  but  in the ma jo r i ty  of cases, it did not

exceed _100. All clouds at the torque/moment of effect increased.

• 
From experimental clouds, as a ru le, fell the precipitation in

the form of separate drops or weak rain.

The evaluation of the effect of actions only according to data

on the precipitation Lake of experimental clouds is difficult , since

from these clouds with the determined probability could fall the

natural settlings. This fact can be excluded by carrying out control

experiment s without effects on analogous clouds. The compariso n of

precipitation from experimental and control clouds will give the

characteristic of the effect of actions. According t this pattern at

present in UkrNIGNI is made the evaluation of the effect. of actions

on convective clouds by solid CO2.

4
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However , c o n lu c t in g  control  exper iments would lead to a

considerable increase in the volume of wo rk , and t h e  so l it i o n  of

posed problems vo~ ld require much time. Therefore to evaluate it was

solved to u t i l i ze  mater ia l s  of 32 experiments on control z.loud s, the

carried out accorling to program effects by solid CO2. So th at t h i s

comparison would  be competent , it is necessary t h a t  t h e  p a r a m e t e r s  of

experime ntal  and c o n t r o l  cloud s, d e t e r m in i ng  the process- f

precipitation formation , would be clos e between t h e m s e l i~ s.

Page 102.

H
By such by the parameters first of all is t k ~e vert ical  ex t e n t  of

cl oud and the  t e m p e r a t u r e  at the  level of the ef fec t , l ast / l a t t e r

determines the possibility of the natural formation of pr?cipi tation

because of berzher ona — Findeisen’s process. Let us note that of

control clouds this value was weasu~.ed just as in experimental , i.e.,

durin~ the  e n tr a n c e  i n t o  clou d at he igh t/ a l t i tude  100—200 ii lowe r

than u pper b o u n d a r y .

T~ bla 2 and  3 gives the  f requency  of the values of these

parameters of experimental and control clouds..

• The analysis  of data of tables shows tha t the ex p e r i m e n t a l

clouds had s o m e w h a t  a large power/ th ickness ;  however , w e r e  more wa rm

— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -
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than controls. This is confirmed on the average values of the

parameters in question : average vertical, power/thickness is equa l to

3030 m of exper imenta l and 2840 a of control clouds , m e a n  t empera t ure

on level of e f fec t  —5.8  and —7 .3 °  respectively.

1- 1 

~~~~~~~~~~ - . - • — - 
•
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Table 1. Parameters of experimental cloud s and the results •of the

effects by the reagent of VZbS + urea.
— -

~~~~~~ 
q~~m~; ~C,) _. 

~~

- a ‘U 
‘
~~ 

.
~~ ~..I;, ~~~~~~~ ~~~~~

_ _  _ _ _  _ _  
°~~~~~~ ~~~~ “ 

_ _

24 VI Ki~un,~ea 15 22 5340 12304110—1 1.7 10 30 30
28 VI I ~‘E~pxHoà Por 15 40 3960 1140 2820 —4.7 9 11 10 ~~~~~, 

x
5 VII ‘~o~ e 14 15 4680 2090 2590 —5,9 6 • 53 27
S VII . 15 59 4760 2320 2440 —6,2 OcaAKoB ~e 6,gjio

- 1 5 V II • . 18 10 4660 2530 2130 —3,5 9 27 1 —

22 VII 14 04 6050 2500 3550 —11,0 (j~ Oca,~ os He 6wio
• 24 VII çì) — 13 46 5680 2360 3320 —7,8 15 4 —

13 VIII XepcoH 15 12 544012504190 —7 .1 10 21- 11 ~~~ K
16 VIII 1 ~BHHHHUa 14 56 5530 3280 2250 —7,~ 9 ~0

’
~II 9 ~~~~ K

25 VIII  ‘9(apMcoB 15 43 4790 1320 3470 —6 , 2 • 9 KpaTxo- — Th~ K
BpeMeH- ,—_~

25 VIII 16 48 45801280 3300 -i-5,0 9 21 KpaTxo- IC,’JL. K
I 

~peMeH-
- ~~~~ t— •

16 1X O~ecca 14 05 3540 770 2770 0.5 20 Kpar.co- —

- 
- 

‘ BpeMex-
- Hb~~24 IX CyxyMw 10 24 3350 450 2900 —0,1 23 . , —

26 IX ~~,iana I I  55 336011802180 •—3~7 10, , . —

261X - - 
• 

13 01 4160 800 3360 —6 .8 12 
- 

32 32

Key: (1). Date. (2). Area. (33 . Time of gulf/ba y (hour, mm .). (14) .

deg. (5). The latent period of precipit at ion format ion  ( mm .) . (6) .

General duration of precipitation (mm .). (7) . D u r a t i o n  of r a in

(miri.). (8). Charact er of precipitation. L9). Kishinev (10). d.

(11). Krivoy Rug. (12). d k. (13) . Also. (114) .. k, d. (15)

Precipitat ion were not. ( • .. k. (17). Xherson. (18). V naitsa. (19).

• Kharkov. (20). Short—terra .. (21). k, d, k. (22). Odessa. (23).

Sukhuai. (24). Anapa . 
____ _____________  - -

• . Table 2. Frequency  (u/o) of t he  values of the vertical ex t e n t  of 
—

experimental  and cont ro l  clouds.

-.4

_

~ 

~~~~~~~~~~~ 

• A
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~ j ~.1) BCPTRkIIJIbHa II MOUjHOCTh (Ku )

rpynna o6n.ico. I
~.0—1.5 1.51—2.0 

• 
2.03—2.5 2 .53—3 .0 3.01—3.5 3.5 1—4 .0 4.03—4. 3

,~~\Oflbl THb1e ,. . — — 27 27 27 • 7 12
K0HTpOJn.Hble - 3 3 21 40 30 1 3 • —

Key: (1). Group E clouds. (2) . Vertical  extent  (ka ) . (3) .

Experimental. (14). Controls.

Page 103.

If one assumes that these differences to a certain degree compensa te

for each other, then it is possible to count that the probability of

the na tura l  f o r m a t i o n  of precipit ation of exper imenta l  and control

clouda is identicil and series in question are comparable between

themselves.

Table 4 gives given data on precipit ation from experimental ani

control clouds.

V Thus, the ex3erimental clouds gave preci pitation noticeably mor e
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frequently than controls ones. Uowever, this difference i. caused in

essence by the increased frequency of precipitation of separate drops
4 from experimental clouds, and the frequency of precipitation of rain

• in both groups of clouds is approximately identical.

It is of als interest to compare the duration of precipitation

from the clouds being investigated. The genecal duration of
I 

precipitat ion (including precipitation of separate drops) it

comprises in average/mean 17 mm .. of exper imental and 18 m m .  of

control clouds, the duration of precipitation of rain 17 sin, of bot h

groups of clouds.

Thus, neither in the number of cases of precipitation of rain

• nor in its duratinn of differences of experimenta l and control clouds

it is reveal/detected that effect did not lead to an increase in the

probability of precipitation of rain. The effect of effect on the

process of precipitation formation in these cases could be revealed

• in the intensification of rain; howe ver, this from data of visual

ob~~rvatioas reveal/detect could not.

Movever , the num ber of cases of precipit at ion of sepa rate drops

of experimental clouds is noticeably more than in controls. This fact

can serve as the only index of the effect of actions. Apparently, in

a number of cases with the application/use of the method being

~~~~~~~~~~~~~~ 
•
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investigated it was possible to cause precipitation of separate

drops; how ever, these settlings are not of practical use, especially

as their part evaporated with incidence/drop in subcloud layer. It

4 must be noted that the effects of effect on the reduction processes

of the wat er suppl y of cloud is not assumed , bu t  the on e - t im e  water

su pply of C u m u l u s  congestus clouds is insufficient for obtaining

essential precipitation.

Lt is possible to assume tha t the effect PAY affects the

dynamics of c umu l i s  cloud. This they  indicate that the authors of

article [3) . 

- - -  - -  ~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~
_ _ _

~~~~~~~
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Table 3. Frequency (o/o) of the values of temperature at the level of

effect of experimental and control clouds.

— ~~) Teuiie~.iyi,a ,ia ypoiu~ o3~ t~ c1~~~U (rpaz .)

Tpynna o6JIagoI 
~.0 — 0 .3— 5 —5 .1—10 —~~~~ . ~~~~~~~ I

(~IThITHI.a e 7 • 33 47 13 —

1 (OArpO n.H irae’ — 27 61 • 9

Key: (1). Company of clouds. (2). Tempe rature at the leveL of effect

(deg.). (3). Expe r imen ta l .  (4) . Controls.

Table 4. Frequency (0/0) of the number of cases with the

precipitation of different intensity of experimental and control

clouds.

- 
• • 

~~~ _) 4’) 5) -•
• rpyrn la o~j~ ,os J E~a oca 41101 C O~~~ KaUI J OT.ReJU.

1
OnIJrHble . , . .  13 I 87 40 4

- t 2
’
~KonTj~un.nue . - . 33 I 61 22 45

Key: (1). Group of clouds. (2). Without precipitation. (3~ . With

precipitat ion. (4) . Separate drops. (5). Weak rein. (6).
£~~ pen fv, ea  t .,-/ ,  (‘~~) e~~e ~

-
~~/ s .

• 
- --

~~~~~~~ 
—
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• Page 104.

Unfortunatel y, during the execution of the experiments to carry out

systematic observations of the evolution of clouds it was not

represented possible. In a number of cases, it was possible to note

time of the initiation of the fracture of cloud.. Up t~ the

torque/momen t of the termination of precipitation, all clouds were

locatsd ii the stage of destruction. The noticeable differences in

the character of the ev olution of experimental and cun tr l  clouds are

not reveal/detected; however, for final conclusions are necessary

supp].•mentary investigations.

the made analysis makes it possible to assert that with the aid

of the met hod being investigated in a number of cases it is possible

to cause p rec ip i t a t ion  from convect ive clouds; however , to obtain

virtually significant amount of precipitation from the clouds of the

investigated range, obviously, on is represen ted possible, since the

method does not provide for effect on the processes of the

regeneration of moisture in cloud. Checking the effectiveness of

method on the clou ds of larger vertical power/thickness requires the

s.ttiqg of special investigations. 

—-• • • : • .~~~ - ——•~~~~~-- • 
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