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In tio World Wars and a number of small
wars asmokes were used widely for camouflaging
of troops an: rear objects. The undisputable
oprinion exista that smoke agente will also
find application in wars of the future.

In the book offered to the reader smoke
agente and smuKke-producing subetances are
examined which are found in th:z armament of
different armies, and also methods and prob-
lems of their application. The authors allot
special attention to new trends inm the use of
smoke.

The book is baeed on materials published
in the foreign and Soviet press.
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CHAFTER I

BRIZEF HISTCRICAL OUTLINE OF THE DEVELOPMENT AND
APPLICATION OF SMOKE AGENTS

In world military history many examples are known when natural
fog or powder smoke promoted the saccess of a battle to a conslderable
degree. However, in the distant past the use of camouflaging prop-
erties of smoke and fog was often accidental.

The first example of the consclous appli:zation of amoke in the
interest of troops 1s the covering of a crcssing over the Western
Dvina by the Swedes in 1701. The Swedes set fire tc wet straw, the
smoke from wihich masked the concentratlon of their troops and
preparation for the crosging. This fact 1s described by Voltaire
thusly:

"The amn'te became so thlck that the Saxons in no way couid find
out 1f the 3Swedes were crossing the river or not. Meanwhlle Kurl
ordered the crossing to begin. In a quarter of an hour he appeared
on the otuer shore and immediately gave the order to ferry his
artillery across and to form a combat formation. The enemy, blinded
by smoke, could protect himself with only several shots fired at
random. When the wind dispersed the smoke, the Saxone saw that Karl
with his troops was already marching against them."

Later smoke screens were use¢ in naval operationa. Thus,
according to Freys, during the Civil War of 1862 in America the
black smoke screen found wide application. For producing such a
curtaln woeod wi* &+ 1 contert of resin was burned in the ships'

furqaaces.
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On the eve of the First World War, during maneuvers ol the
United States fleet, smoke screens were used with succesa for
covering of snips.

The systematically conscious use of smokes for camouflaging the
combat actions of troops, and also the development of methods of
application of smoke began with the First World War.

Appllcation of Smoke Agen

tc Durlng
the First World War

Smoke screens with the use of special smoke agents were set up
for the first time by ground forces of the Russian army in 1913 on
maneuvers in Ust'~Izhor. In November 1914 Sannlkov smoke pots
(candles)} were used successfully by Siberian riflemen in fights
with the Germans at Ivangorod.

In March 1915 the English used smoke screens for camouflaging
mine sweepers in the Dardanelle:> operation. In July of the same
year rifle grenades equlpped with a special mixture sppeared in the
English army.

In the period 1915-1916 wide dissemination was received by
cn=called "false smoke screens," and also the use of camouflaging
smokes for expanding the ront of cloud attack with toxlc agents.
Taking a Talse smoke scieen for a gas attazk, the enemy concentrated
his fire con 1t and thereby weakened the defense. Furthermore, the
applicatlion of neutral camouflaging smokes instead of polsonous gas
peimitted the infantry which was advancing behind the cloud to be
at individual sections of the front without gas masks, whereas the
enemy, expecting a gas attack, donned gasmasks, and this lowered his
combat ability. The Kaiser troops practiced the consecutive launch-
ing of initially nontoxic smoke and then gas, and by thils lulled
the vigilance of allies, the troops of which encountering the second
wive without gasmasks, received serlous defeats.

v " . .
MDMT=lud0=-0Y N




The first smoke prescriptions, used during the First World War,
produced smoke of a btlack color, which possessed insufficient
camouflaging abllity and was unstable. In connection with this
extensive work was conducted on the brightening of clouds by means
of changing the composition of smoke mixtures.

In the Russian army the Yershov mixture was used most exten-
sively. Its composition included chlorous ammonium - 50%, naptha-

lene — 20%, potassium chiorate — 20%, carbon (powder) — 10%. Another

variety of Yershov mixture was camposed for the purpose of obtaining
a guick-burning mixture. For this some of the chlorous anmonium
(10%) was replaced by an additicnal nxidizer — potassium nitrate.

In the English army a mixture of the following composition was
used: potassium nitrate — 40%, coal tar — 29%, sulfur - 14%, carbon
(powder) — 9%, borax — 8%.

In the' French army Berger's mixture was used. It consisted of
carbon — 41.1%, zinc dust ~ 32.2%, sodium hypochlorite — 14.6%,
chlorous ammonium — 8.8%, and kleselguhr — 3.3%.

Such mixtures were used mainly in smoke candles, greriades,
and pots.

The allies alsc found wide application for phosphorus, which,
in addition to a high camouflaging abllity, possessed an incendiary
effect. Phosphorus was used in grenades, shells, and mortars.

As a smoke-producing substance the Germans used oleum, chloro-
svifonic acid, and solutions of sulfuric anhydride in chlorosulfonic
acid. Since the process of smoke generation of these substances
consists of the transfer of a highly volstile substance — sulfu-lc
anhydride, into the air, then the following method of applicarion
was leveloped. Unslaked lime CaO w~as placed in a special smoke
generator and a smoke~producing suvstance was gradually added to it.
As a result of the reaction between these two substances heat was

liberated which was sutficient for evaporatlion of the smoke enerator.
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Along with smoke~producing substances during the years of the

First World War the tactical applicatlion of smokes was also developed.

Neutral smokes were used for covering an attack, blinding of strong
points and observation posts, covering water crossings, flanks.
retreating troops, etc. Specific value was galned by camouflaging
smokes for covering the advance of tanks and their supporting
infentry, ensuring the suddenness of the attack and decreasin~ the
effectiveness of fire of antitank guns.

Thus, camouflaging smokes during the years of the First World
War became a means for camouflaging the actions of troops. They
were used extensively both on the offensive and aiso in defence.
Mean. of smoke generatlicn were smoke artlllery shells and mortar
shells, smoke hand and rifle grenades, smoke psts, and special smoke
generators.

Application of Smoke Agents During the Second
World War and the Great Patriotic War

During the years between the First and Second World Wars
development continued of means of appllication of smokes and alsco
views on their use.

According to vliews existing in the majority of forelgn armies
on the eve of the Second World War, smokes were regarded only as
means f{or supporting of tactlical missions; Indicaticns of the value
of smokes in the carrying out of operations were completely abseut
in foreign armies. In the Soviet army views on the application of
smokes amounted to the fact that they should be considered not only
"protective cever for the troops," as thils was done by foreign
gpeclalists, but also a3 a means of supporting active offensive
actions. We have not considered smokes merely as tactlical agents;
protlems on their application have included leading the enemy into
error relative to the direction of the maln strike and camouflaging
of important milltary and rea:r area oojJectlves.
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Consldering these properties of smokes, the Soviet Army began
to use them from first months of the Great Patriotic War. It 1s
true that in the first year of th: war smokes were used for camouflag-
ing the actions cf small units. Small units of infaniry and other
arms used hand smoke grenades and smoke pots tc support their own
combat actions. With theilr help the infantry rapidly created smoke
screens under any conditions of the combat situation. rarthermore,
small tank unlts used smoke agents for covering combat maneuvers,
camouflage of repair and evacuation of vehicles from the fileld of
battle, and simulating the burning of tanks. However, in the course
of war the application of smokes raplidly took on & wide scope.
Already in 1942 on certain fronts smokes weire used in army operations
(smoke screening of army crossings), and beginning with the second
half of 1943 they were used not only on &n army scale, but also on
the scale of army group. There, where smokes were used widely and
in good time the troops had less losses in personnel and materiel
and, as a rule, successiully fulfilled thelr combat missicns.

Let us give such an example. In 194l a major unit of a tank
army used smckee wlth success 1In the Icreing of the San Fiver 1in the
region of Vysoukho. In splte of intensive enemy air raids and
artillery fire neither one of crossings was knocked out. It was
characteristic that the release of smoke was carried cut in the
army on a centralized basis, by a single plan, and smuke screens
were set up on a wide front. For confusing the enemy relative to
the ‘:ue crossings, false crossings were created and they were z2lso
ccvered by smokes. Smoke screens were also set up on sections of
the river whera there were no crossings at all.

Smnke agents were used also by major units of the army in the
course of battle for extending bridgeheads on the opposite shore.
Usually smokes ccvered the attacks of tanks and motorilzed intantry.
Depending on divection and speed of wind, locativn of the enemy
and his maneuvering, both flank and frontal smoke screens were used.
Flank smoke screens were get up on the move and 'u nlace by means
f dropping pots from tanks on one or both {lanks. Here the crews

of tanks, being covered by local terraln features or using folds In




the terraln, moved their tanks to the flank of the subunit at a
distance which made 1t possible to cover enemy weapons with a smoke
screen and dropped coff the pots. Ther the tanks were joined with
their own attacking subunits.

Smoke cover of combat actione of troops, and 21so rear objec-
tives, was usually organized Ly rifie and tank subunits for the
purpose of depriving the enemy of the possibility to conduct aimed
fire and hombing, to make 1t dlfficult for him tc conduct observa-
tion of the actions of troops on the fleld of battle, and to dis-
tract the attention and fire of the enemy from the direction of the
main zttack during offeiisive operations. For this smoke pots snd
grenades were used, and also special smoke machines (generators).

In the course of the Great Patriotic War wide applicaticn was
also found for artillery smoke shells (mortars) and aerial smoke
agents. Smoke snells and mortars were used mainly for biinding
(smoke screen) of enemy observatlon posts and firing points. Avia-
tion used smoke agents for .he purpose of camouflaglng the actions
of troops during the development of combat in the depth of the
enemy's defense fcr blindlng of enemy firing systems, and bicceking
of enemy alrfilelds.

Various infantry, artillery, and aerial smoke devlces were
used by all the armles participating in the Second World War. As
smoke-producing substances in nost cases they used phosphorus,
solutions c¢f sulfuric anhydride in chlorosulfonic acld, pyrctechnic
smoke mixtures, and oll products.

The Second Worlid War and the Great Parrloti~ War showed that the
wide, bold, and tactlcally competent apsliication of camouflaging
smckes promotes the successful fulfillment of c~ombat misslons and
conslderably reduces lecss in personnel and equipment. The appllica-
tion of various smoke-producing substances for thne creatlion of smoke
screens made 1t possible to camouflage the location and actlons of
cur treops, to eover differens cbjects from enemy chservaticn, o

.
J
blind the enemy Cor the purr . o f hinldoring orlentation, chservatior,
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etc. Thus, smoltes were effective agents for supporting the combat
actions of units and subunits during the carrying out of tactical
micsions and also a means cf protected 1arge-sca1e operations c¢n
an army and front scale.

The importa:ice of smolie agents for supporting the combat
actions of troops under contemporery conditions has not lessend 1t
in the least; it 1s even acjulring néw meaning, and smoke agents
and smoke-producing substances require further inprovement.




CHAPTER II

GENERAL INFORMATION ABOUT AEROSOLS

Smokes and Fogs. Pecullarities
and Characterlstics of an
Aerosol State

Among the various colloldal systems a special place 1s occupied
by aerosols, l.e., systems 1n which the dispersion medium is a gas
(for the most part air), and the dispersed phase — solid or liquid
bedies with a high degree of dispersion. Examples of aerosols can
be the clouds observed in nature, fogs, fine dust, etc.

If the dispersed phase 1s a liquid, then the aerosol is called
a fog; if the dispersed phase 1s a s0lid, the aerosol 1s called a
smoke. Sometimes an aerosol can constitute smoke and fog simul-
taneously.

It is necessary to note, however, that, besides this classifica-
tion based on aggregate state, there exlsts another classificatio:
of aerosols based on degree ol dispersiveness.! Thus, 1in English
literature the division of "smoke" and "fog" 1s made not by aggregate
state, but by the :ilze of collodial particles. Fog 1s an aeroscl,

consisting of larger particles (diameter 107321072

7

cm), and smoke 1s

an aeroscl made up of finer particles (107°-10" cm) .

'Degree of dispersicn is only cne of the princlpal characteristic
ertiterla of a collolds) stave, and many propertles of chese systemo
are 1 function oi tinelr degree of dlspercion (see 5. M. Lipatov,
Fhyeloal chemistry of collolds. State Chemistry Publishing House,
Moo, 1938,
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In military practlce the concept of smokes and fogs 1s usually
not differentirtied and artificilally created smokes and foga, used
for camouflage, are called smokes.

Dimensions of particles of various smokes and fogs are within
the 1limits from 1:10"3 to 1-1077 cm. Radius of particles of aervusols
which are used for camouflaging smoke generation fluctuates 1in
narrower limics, i.e., from 8'10'5 to 2-10'5 cm. Particles of fog
(droplets) usually have the form of a sphere. The density of these
droplets 1s equal to the density of the liquid from which the fog 1s
made up. Particles of smoxe do not have a geometrically vegular
form and are often made up of flaky formatlons of diverse structure.
The density of smoke particles 1s much less than the density of the
s0l11d of which they are made up; sometimes the density of the sub-
stance 18 5-10 times greater than the denslty of the smoke particles.

Transition of a solid or 1liquid substance into an aeroscl state
with the formation of smoke or fog is accompanied by a certaln change
in its properties. The aerosol state 1s characterized first of all
by a large speclfic surface.! This causes an increase of activity
of the substance and acceleration of physicachemical processes.

Thus, aerosols absorb a certain quantity of gac lons and molecules.

Aerosols are characterized by degree of dispersion (dimension
of particles in the dispersed phase) and concentration by welght,
i.e., quantity of dispersed phase in unit of volume of aerosol {or
partial concentration, 1.e., rumber of particles of disperzed phase
in unit of volume of aerosol). Concentration by welght of smokes,
used for creation of a smoke acreen, 18 usuaily expressed in tenth
parts of a milligram per one liter, which corresponds to a content
of several mililons of smoke particles in 1 ml of alr.

'In colleidal chemistry specific surface 1s understood to be the
ratio of surfoce of a particle to 1ts volume: surface/volume = S/V =

= 50. Specific surface of a particle 1is the value, characterizing

the degree of breaking up of a given system; 1t most frecuently 1s
called degree of Jdispersion.




The most important pecullarity of aerosols 1s their instabllity.
At the Dbasis of change of properties of an aerosol in time lie the
propervies of the alr as the dlspersion medium. Particles ol smoke
or fog move continuously in the alr and experience twn kinds of
movemenit simultaneously: movement under the impact of gravity and
Brownian movement.

Movement under the impact of gravity foirces the particles to
drop downwards. The rate of fall of particles, the raacius of which
is lese than 1‘10'3 cm, remalns constant and can be calculated
proceeding from gravity and from the resistance exerted ori a moving
particle by molecules of alr.

Forces of gravity
F==3'”"ﬂ!0-PX

wliere r — radius of particle in cm; g — acceleration due to gravity,
equal to 981 cm/sz; p — density of particle; p' — denslity of medium.

Reslstance of a viscous medium to uniform movement of a particle
is expressed by the Stokes fornmula:
W =6xnru,

where n — coefflicient of viscosity of medium in pauses (for alr
n = 1.81-10-u g/cm*g); r — radius of particle 1in cm; v - rate of
fall of particle in cm/s.

From conditions of equality of gravity and resistance, exerted
on movement by molecules of alr, we find the rate of uniform settling:

4
7 "8 —¢)=6mvru;

-J 3

g =t
L |

®is it emanates from the law of 5t kes, for particles of one
etze the rate of settling derends conly on thelr density.
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Value p' for eir 1s s0 small that it 1s fully possible to take

it equal to zero. Replacing %-%‘by constant value k, we obtain a
formule in a simpler form:

v=hrlp® ,

where k = 1.2-106 cma/g-s.

The path, covered by a particle under the 1mpact of gravity
during the time ¢, 1s calculated by the formula

S =kr¥pt.

The rate of uniform falling of particles under the impact of
gravity 13 determined by dimensions and density of panticles of the
dispersed phase, and viscosity and denslty of the dispersion medium.
The less the viscoslty and density of the medium, the more rapidly
settling takes place. Thus, for example, in an atmosphere of
hydrogen (n = 0.93~10-LI CGS) or water vapor (n = 0.975'10'u £GS) the
falling of droplets should occur approxlimately 2 times more rapldly
than in pure air (n = 1.882-10'u cGs).

It follows from the laws of settling that particle of smoke of
all dimensions fall under the impact of gravity. The rate of
settling 1s a value, depending on the radius of the partlcle and
increasing with an increase of the latter. In a polydispersed smoke
cloud the largest partlcles settle first. It 1s necessary ©o note
that in most cases smckes and fogs are polydispersed systems, 1.e.,
they contain particle of various dimensions.

Brownian movement of aerosol particles occurs under the
influence of impacts of molecules of the environment. Compara-
tively large particles of smoke or fog are less sensitive to impacts
of molecules, and thelr Brownian mcvement is mlnor. Under the
impact of gravity such particles settle comparatively rapidly. Very

fine particles with considevable Brownlan movement are heid 1n the

¥The Stokes formula gives the greatest colneldence wlth experl-
mental data for partlcles 4310 cr.




air for an extraordinarily long time without settling to earth. TFor
particles with a radius of 10"7 cm the rate of Brownlan movement is
many times greater than the rate of settling under the impact of
gravity.

Brownlan movement of particles in an aerosol cloud occurs
uniformly in all directions. The rate of Brownian movement 1s small l
and canrot essentially influence the course of change in concentra- § '
tion by welight. I
!

Brownlan movement of particles of smoke can be observed in an
ultramicroscope: on the dark field of an ultramicroscope luminescent
stars Jf chaotlically shifting smoke particles are seen.

In aerosols, starting from the moment of their formation the
phenomenon of coagulation is observed. Coagulation of aerosol 1is
the term for consolidation (adhesion) of particles ¢f smoke or fog.
For smokes the process of coagulation 1s frequently called floccula-
tion (from the English flo2ks — flakes).

Being found in Brownlan movement, particles of an aerosol
collide among themselves. As a result of this particles conglom-
erate, 1.e., become larger. Droplets of fog can be erlarged also
at the expense of evaporaticn of smaller droplets. As 1s known,
vapor pressure over small droplets of fog 1s greater than over large
onies, therefore "distillation™ l1liquid from small drops on large 1is
possibie. Adhesion of particles occurs also under the influence cf
forces of attraction which are acting between particies.

The capacity of smokes Cor coagulation decreases in the presence
of an analogous electri:al charge on the particles; absence of a
charge cor especially the presence of an opposite charge on the
particles facilitates coagulation of smokes. FParticles of smok: can
obtaln thelr charge durlng friction against a gaseous envircnment
due to dissoctation of particles at tne time of formation of smoke,

and also by means of capturling gas lons frem the dlsperslon medlbum.




Peculliarity of coagulation of particies of an w2rogsol 1s that
it begins spontareously and corntinues continuously during the entire
"life" of the aerosol. This 1s explained by the low viscosity of
alr and the inslgnificant quantity of analogous electrical charges
present in the alr. The low viscoslty of alr promotes diffusion of
particles, which in turn speeds up coagulatlon,

The rate of coagulation at every given momeni of "“life" of an
aerosol 1s proportional to the square of thelr particle concentra-
tion. With a decrease 1n the number of particles the race of
coagulation drops sharply.

In addition to the properties of alr, lnstabllity of an aerosol
is also influenced by properties of the aerosol particles themselves:
density of particies, thelr size, and degree c¢f homogeneity of the
aerosol on the whole. Instabllity of an aercscl lncreares with an
increase of density and size of partlcles, and also with an increase
of 1ts polydispersion.

In initial period of "life" of an aerosol the particle concen-
tration (i.e., number of particles in a unit cf voiume of air) 1s
very gireat and, apparently, 1s close to the particle concentration
of hydrosol, 1.e., of an order of 1011-1012 particles in 1 cm3.

Such a large particle concentration causes the rapld coagulation of
particles, in ccnsequence of which already in the second-third
minute of "iife" of the aerosol the particle concentration drops to
106-107 particlies 1n 1 cm3. With an increase of coagulation poly-
dispersion of the aerosol is strengthened, which in turn accelerates

the settling of particles.

Thus, from the moment of foirmatlon the aerosocl acquires an
unstable nature. Intenslity of thils process increases with an
increase ol degree of polydispersion during the formetion c¢f the
aerosnl. flong with the gettling of large particles the azerosol
becomes thinner and msare urniform. This leads tc an increase 1n the
2tability of the aercscl, since coagulation 1s slowed down. It has
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been experimentally proven that a nonuniform (polydispersed) aerosol
coagulates more rapidliy than unilform (monodispersed).

Ontical Phenomena in Smokes. Scattering and
Absorption of Light. Attenuation
Factor of Llght

We can see the world surrounding us on.y bscause it 1s
1>luminated.! Certain bocdles emit inherent light (for example,
tae sun, incandescent hodies, flame); they are called light scurces.
The majority of bodles we see only when they are llluminated by some
light source and send to our eye the reflected light of this source.

Light from any source in a uniform medium spreads in all siaes
rectilinear.y; the path of propagation of llght carries the name
beam. Rectilinear propagation of light 1s one of the firsc laws cf
nature with which man became acqualnted.

If a light beam whic 1s spreading in the air encounters on 1its
path any hard or liquid body, then 1t, upocn reaching the surface of
this body, 1s partially reflected from it at the same angle at which
it 1s 1incident on the reflecting surface. Reflecticn of light is
the reason for the visibility of objects which dc not emit their own
light. An example of light reflection can be the solar "light spot,"
which 1s the reflection of light of a brightly luminescent object
from a mirror. If the surface 1s rough, 1t enccunters a pencil of
light which 1s incident on it at different angles and accordingly 1is
refiected at different angles. Such reflection 1s called scattered.
Diffused reflectlion 1s produced, fcr example, by frosted glass.

Aeroscis are noptically nonuniform media. In the -~ase of
passage of radiant energy through such media 1t 1s scattered by

particles which are suspended in the air, and whilch have a refractive

'Frergy of radiation of visible and invisible rays 1s called
radlant energy. rRadiation in the vlsible reglon of the spectrum

(visivle rays) 1s called light. 1In contemporary physlcs radlant
energy 1s examined as - flow U material particles pissessing save
and oaantum propentlos simygltio us Ly .
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index which is greater than the refractive index of alr. Presence
in air (dispersion medium) of a solid or liquid dispersed phase
lowers its penetrability relative to 1light.

The capacity of a smoke cloud to make obJects invisible to an
observer is explained by the optical phenomena cccurring in smokes.
A ray of 1light, passing through a smoke cloud, emerges from 1t less
intense than at the entrance. In sxokes light 18 partially reflected,
1s scattered, is absorbed by particles df smoke and only partially
passecs through the smcke without a change. Basic causes of attenua-

ticon of a light ray are scattering and absorption of light by smoke
cloud.

By light scattering 1s understood the deflection of light rays
by smoke particles to various sides during passage of a ray through
smoke. Light scattering by a smoke cioud 1s caused by refraction of
1light in particles, by reflection from their surface, diffraction,
and other causes,

Falling on the boundary of two medlia, light rays change their
directions, in other words, are refracted. A very interesting
natural phenomenon is the ifact that the sun can te seen when 1t 1s
already concealed besyond the horizon which is explained by refraction
of solar rays in the atmosphere of the earth. The cause of refrac-
ticn of light on the border of two media lies 1n the difference of
propagation velocities of lighv in different medila.

A ray of light, falling from the alr into a liquid particle
(droplet of fog), is refracted in 1t at the entrance (Fig. 1).
Upon getting out of the particie into the air the ray 1s refracted
a second time. The ray is partially refiected. Only the reflection
of the light ray 1s observed from opaque smoke particles. Due to
the fact that aerosol particles have various forms, refraction and
reflectis>n of light at various angles to the surface s the cause
of scattering of radiant energy.

15
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Fig. 1. Diagram of refraction and
reflection of light by a droplet of
fog.

Zf the dimensions of the particles are approximately equal to
wavelength of passing light, then the cause ~f scattering i1s d4iffrac-
ticn of 1ight. The phenomenon of diffractlon lies 1in the fact tnat
light 1s deflected from a rectilinear dlirection.

A particle of smoke can be examined as a little screen. Rays
of 1light, passing such a particle, are deflected from their own
initial direction, which serves as the cause uof diffractional
scattering (Flg. 2). If the dimensions of the particles are less
than the wavelength or light, scattering has a more complex nature

and is connected with physl:al phenomena occurring inside the atums.

Tig. 2. Diagram of diffrac-
tional l1ight scattering by
particle of smoke: A) rays
of incident light: B) rays of
scattereda light.
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The malin role 1n light scattering in camoullaging smckes 1s
played by diffractional scattering.

The phenomenon of light scattering by particles of an aerosol
has scquired the name of Tyndall effect.

This phenomenon amounts to
the following.

If through the air, in which minute particles are
found In a suspended state, a bright bundle of convergent rays 1s

passed, then 1n the alir a light cone will appear which 1s easily

visible in a dark location. Formation of the cone 1s explalned by

the fact that each particie disperses the rays which are incident on
it and 1s as 1f turned into a lumlinescent polnt, thanks to which
entire parh of rays in the air becomes vigible.

In amckes, the dimensions of particles of which are greater

than the wavelength of light, the intensity of scattered light 1s
expressed by the formula'®

=4
is-—-kr, ,

where k — proporticnality factor; C -- concentration by weight of
aerosol; r ~ radius of particles of aerosol.

For particles of an aerosol, having dimensions consiierably less
than wavelength of 1ight passing through 1t, the intensity of
scattered light is expressed by the formula

Is=kCr*
and increases rapidly with an increase of dimensions of particles.

It was determined that the greatest light scattering, and
consequently alsn the best camouflaging properties are held by

aerosols, the particles of wnich have dimenslons close to wavelengths
-1 -
of visible light, i.e., 1:107'-1-107° ecm.

'G. Gurevich, G. Luchirskiy. Concerning the questlion of depend-
ence cf light scattering in aerosols on the slze of part{cles and wave-
lengths of light. Jcurnal or Physical Chemistry, [ZhFKh], vol. I1I,

p. 161,
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intensity of light scattering 1s increased with a decrease of

the length of its wave (this can be seen from the Rayleigh formula):

o+ ACré
’k==’n];n
where IU — intensity of incident light; k - proporticnallty factor;

C - concentration by weight of aercsol; r — radlus of particles of
aerc3ol; A — wavelength of incident light.

Smokes and fcgs are able not only to scatter light, but also
to partially absorb it. Absorption means weakening of light
intensity, occurring in case of its passage through a physical body,
due to transition of radiant energy into some other form of energy
(for example, into thermal, chemical, or electrical). Theoretically
all bodies, nct beilng ideal insulators, and including varilous solu-
tions, absorb radiant energy due to electrical conductivity.

Absorption of light by smoke or fog is composed of absorption
of light by the dispersion medium (air) and the dispersed phase
(3ubstance which !5 found in an aerosol state). Absorption c¢f light
by air 1s much less than by particles of smcke or fog. Coefflcient
of transparency of ztmosphere in case of a clear s3ky on the average
1s equal to 0.8. This means that around 0% of solar energy falling
on the surfare of the atmosphere reaches the earth’'s surface, and
arcund 20% is held back due to absorption and scattering. The
basic cause of absorption cof light in pure alr are 1t: impuritles,

Quantitative relationship betweew abscrptlon of light by an
aerosol, concentration of aerosol, and thlckness of absorbed layer
in the case of constan® degree of dispersicn of aerosol is expressed
by the Lambert-Bouguer-3eer formula:

—MC
I=le™"",
where [ . — intersity of liznt entering the absorbing layer; ¢ - tase
R
S natural logerithm; & - at'-ouation factor of light; & - concent ™
tisn by welght of mercs 1, 0 - cHiexpess of layer o aemose o
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In smokes of different density, or in the case of different
thickness of layer of smoke, attenuation of passing light will be
unequal. For apnreisal of the capacity of smoke Lo weaken light
which is passing through it there is the attenuation factor of light
which shows what share of 1light ernitering a cloud of smoke, 1is
scattered and 1s absorbed on the way, equal to & unit of thickness
of the cloud. Attenuation factor of. light, in other words, determines
by itself the so~called range of visibility, by which 1s understood
the distance of the smcke cloud from the observer to the observed
object under the condition that the latter becomes invisible.

Attenuation factcr of light depends ¢n the nature of the
dispersed phase of the aerosol. For one and the same smoke-produc-~
ing substance it is increased proportionally to the density of smoke,
1.e., 1ts concentration.

Attenuation factor of light 1s expressed in mt

and 1s taken
in each separate case depending upon concrete conditions. Absolute
value of attenuaticn factor of light 1n camouflaglng smokes com-

prises approximately 0.4-0.C#4 mL.

Attenuation factor of light can be determined by experimentai
means. For thls purpose photometric light readings are taken from
two lamps (Fig. 3}, one of which is inside the smoke chamber, and
the other outside of 1t., The lamp located irside the chamber 1is
made statlonary at distance 7 from the wall of the chamber; the
outside lamp can be moved. When there 1is no smoke in the chamber,
then during photometry the outside lamp will occupy a position at
which the distance riom the lamp to the photometer will be a. In
the presence of smoke ir. the chamber, light which 1s arriving from
the inside lamp, in the case of passage through the thickness of
smoke, will be attenuated, therefcre for leveling off of illumlnance
of photometer fields the outslde lamp must te moved from the photo-
meter by distance b. Distance b always shouald be greater than

alstance a.
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Fig. 3. Attenuation of light in a
smoke cloud.

Since Intensity of light for one and the same light source 1s
inversely proportional to the sqguare of distance, then for the test

we wil.l have:

in the absence of smoke in the chamber

where A — luminous intensicy of outside lamp; a and b — distance of
this lamp from the photometer in the absence and in the presence

of smoke In the chamber,

Dividing the first equation into the second, we obtailn

iz(f)’, or 1=1.(-:->’.

But T=I2* tien e~x'=_(_}' fiom which

=
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Thus, camouflaging properties of an aerosol are conditioned
mainly by attenuation of light coming from the observed object to
the eye of the observer. Attenuation of light 1s composed of
absorption, reflection, refraction, and fight scattering by parti-
cles of an aerosocl. For large particles there 1s greater meaning
in abtsorption, refraction, and reflection, and for small particles —
scattering (diffraction) of light. The presence of a solid (smoke)
or liquid (fog) dispersed phase in the air lowers its penetrability
relative to ligni.

Greater or lesser attenustion of light by smoke screens depends
on thickness of the layer of smoke. ILight of various brightness,
when passed through the layer of smoke of identical thickness, is
attenuvated 1n 1t by an identical share of 1ts own initial value.

But light of identlical brightness, when passed through smoke screens
of different thickness, 1s attenuated all the more, the greater the
thickness of the layer of smoke. Attenuation of light is also
influenced by the density of the smoke screen. The denser the smoke,
1.e., the greater its concentration, the more considerable 1s the
attenuation of light which is passed through 1it.

Cencept of Smoke Cloud and Its Camouflagzing
Properties. Reasons for Invisibility

of Objects

A smoke cloud consists of minute particles of a smoke-prcducing
substance which are found in an alr in a suspended state.

The main requirements for a smoke cloud are high degree of
camouflaging ability of the cloud and 1its stabilility, l.e., capacity
to be held in an air for a prolonged time without settling and
without being broken up.

The camouflaging properties of a smoke cloud are determined by
t#o groups of phenomena: phenomena connected with optlcal vroperties
¢l the dispersed phase (solid or liquid particles), and phenomena

of an external order.
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The basic optical phenomena in smoke which determine its
camouflaging capaclity are scattering, absorption, and reflection
of light from the "border" of the smoke cloud with pure atmosphere.
Thus, white, and sometimes black, smokes are used for camouflaging.
Difference in color is explalned by the unequal scattering and
absorption of light in these smokes. In white smokes out of the
total amount of scattered and absorbed light to the share of the
latter belong only 10-30%, the remaining light 1s scattered. Tn
black smokes, conversely, the share cf absorbed light comprises up
to 80%, and an insignificant share 1s scattered. Consequently, in
smokes of white color the basic role In attenuation of light is
played by scattering of 1t, and in smokes of a black color — by
absorption of light.

Our eyes recelive rays not only from the viewed object, but
also from objects surrounding it {background), and this circumstance
plays a decisive role in the problem of sharp.ess and clearness of
visibllity. A smoke cloud, located between the observer and the
obJect leads to a decreare of contrast of brightness and color
between the viewed object and background, and hence, to the impair-
ment of . 1isibility.

For appralsal of the camouflaging propertles of smoke cloud the
concept of distance of discernment (visual .range), is used, 1.e.,
distance, beyornd the 1limits of which the human eye cannct ascertain

the presence of an object. This concept 1s broken down into distance

(range) of visibllity, determined as the maximum alstance with a
still sufficiently clear visibllity of contours and parts of an
object, and distance of penetrability, or maximum distance, at which
an already invisible obJect can be detected.

A graphic presentatlon of the difference between concept of
visibility and penetrabllity 1is gained by a consideration of a buib
which 1s placed inside a frosted glass Jjar. If there 1s sufficlent
cloudiress and thickness of the shell cf the Jar, the bulb ltselr
1s not visiole; 1*ts presence -~ be Judged by the btrlgnt light

emanating from the tr'rosted =1 L.
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In objects which do not have sources of natural light (bulld-
ings, trees, et:.), the distance of visibility and distance of
penetrability almost colnclde completely. For light sources, con-
versely, the difference between distance of vislbility and distance
of penetrablility is expressed mcre strongly.

Artificial smoke screens, by sharply lowering the natural
transparency of alr, effect the visibility of objects by the fact
that they decrease, to a considerably greater degree than natural
smoke, the contrast between object and background. The more that
light 1is scattered by a smoke screen, then the brighter it 1s and,
consequently, the less the visibility of the objJect, since the
brightness of the smoke cloud, being superimposed simultanecusly on
the brightness of the object and con the brightness of the background,

as i1f equalizes them (the brighter the smoke cloud, the greater the
effect).

For camouflagzing smokes the greatest interest liss in distance
(range) of visibility. We will observe, for example, a man moving
in the middle of a smoke cloud. As the man moves away from the
observer, his visibility will worsen, and at some specific distance
the man will be concealed from view. Thls ailstance is also taken
as the distance of visibility. Distance of visibllity Js what 1is
called the thickness of a layer of smoke, sufflclent to conceal an
object from the observer.

Establishment of distance of visibllity depends both on sub-
Jective properties or the human eye, and also on the qualitles of
the observed object: nature of 1ts surrace, form, color, brightness,
and reflecting capacity c¢f separate parts of the object.

From psychophysical and optical laws 1t follows that for
camouflaging a black obJect by smoke 1t 1s necessary to attenuate
visible light ty 82 times, whilch is expressed by the following
formula:




wher: 4.4 — optical density of smore, ejual to the logarithm of
necessary value of attenuation of light; b — attenuation factor of

light, m~ L,

Gray or white surfaces. of obJects which are located in a smoke
cloud are less apparent than black, but in practice this difference
1s not so great that it is considered under fleld conditions. This
is why the glven formula can give a sufficiently complete ldea of
visual range of a smoke-blanketed object, which changes only depend-
ing on the attenuation factor of light.

The less the visual range, the better the camouflaging prop-
ertie- of a smoke zloud. Conversely, the greater the visual range,
i.e., that distance at which 1t is possible to detect an object 1n
a smoke cloud, the worse the camouflaging properties of the smoke
cloud.

Visual range depends on properties of the smoke-producing
substance, concentration of smcke in the cloud, significance of
condition of 1liumination, brightness and color of observed object
and surrounding objects (background), relative atmospheric humidity,
and other causes. An increase of concentration of smoke 1n a smoke
cloud leads to a decrease of range of visibility. If a white object
is 1iluninated by direct sclar rays, its range of visibillity can
become greater than the range of visibllity of a black object.

In the case of observation of an object agalnst the background cof
its surrounding object through a cloud of black smcke the range cf
visibility will be greater than in the case of application of white
smoke. This means that camouflaging propertles of black smoke are
Inferior to white.

Range of visibility does not determine completely the qualities
of a smoke-producing substance. For one and the same smoke-producing
substance the .-ange of visibility can be different in the case of
different corditions for releasing the smoke. Thus, an increase
of concentration of smoke in the smoke clcud leads to a decrease of

range of visiblility.
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An lmportant characterietic of smoke-producing rubstances 1is

the value which is called camouflaging capacity. Camouflaging
capacity (MC) is the attenuation factor of light by a smoke cloud,
obtained with the expenditure of 1 g of smoke-producing substance

for the production of 1 m3 of smoke. This value is found by division
of attenuation factor of light, obtained by experimentsal means, by
concentration:

A
Mc--é_o .

where k — attenuation factor of light, m'l; ¢ — calculaticn concen=~

tration, equal to the ratio of weight of expended smoke-producing
substaice to volume of smoke obtained, g/m3.

Camouflaging capacity depends on the degree of utilization of
smoke-producing substance and relative atmospheric humidity.

In American literature it is possible to encounter the term
total ohscurity power" (TOP), which means "complete camouflaging
capacity." By this 1s implied the product of volume of amoke,
obtairnied from & unit of weight of the smoke generator, by density
of smoke:!

TOP=-C [n?/kg],

3

where Vv — volume of smoke in m~, obtained from 1 kx of smoke-produc-

ing substance; S ~ range of visibility, m.

Physically complete camouflaging capacity signifies an area of
1 m2 which can be closed by smoke, obtained from 1 Kg smcke-producing
substance, under the condition that through a layer of such smoke a
L) watt Mazda electric lamp cannot be overlooked.

'Yere by density of smoke is understood th. reverse value of
range of visibility of standard Mazda electric .imp of L0 watts,




Smoke particles in the air are able to absorb from it the
nolsture which 1s contained in 1t in the form of vapor. The process
of absorption of moisture has important practical significance.

With an increase of relative atmoapheric humidity absorption of
moisture, as a rule, 1s increased, which leads to an increase of
camouflaging cepacity, since at the given caiculation conzentration
the attenuatinn factor cf light k is increased. High relative
atmespheric humidity favors the use of smoke.

Knowing the camouflaging capacity it is possitle to calvulate
the value of range of visibility. For thies we will use formuls
S = U, 4/k, and from the formula MC = k/C we find the value of k.
Substituting the value of kB in the formula for range of visibillity,
we obtein

A®s a characteristic of smoke-producing sutstance camoufliaging
welight [MB] 1s also used. It constitutes the amount of smoke-
producirg =ukztance, necessary for complete camouflage of an object
with an area of 1 m2. Numerically camouflaging welight 1s ejual to

product of range of visibility by calculation concentratlon:
MB='-S' Cv

where S — range of visibility, m; C - calculation concentratlon,
2
g/m”.

The value of camcuflaging welight is used during calculations of
range of visibility:

MB

Som —.

c

It follows from the fcrmula thet the greater the camcuflaging
weight, then with thoae same conditions the greater the range of
visitility, !t.e., the worse *“e cainouflaging propertles of the

emake-producing sunstance




Camouflaging weight of a smoke-producing substance depends on
relative atmospheric humidity: the greater the relative humidity,
the less the camouf.aging weight, i.e., the less smoke-producing

substance has to be expended for complete camouflaging of the
objlect.

Behavior of a Smoke Cloud in the Atmosphere.
Stabllity of Smoke Clouds

The examined causes of instavbility of an aerosol (coaguiation,
settling under the impact of gravity) essentially have an effect in
expecially calm atmosphere. In other words, these factors affect
the behavior of an aercsol in a closed system, for example, in a
chamber. Under fleld conditlons the behavior of a smoke wave will
be determined wholly by the behavior of the atmosphere itself.
Coagulation and settling of particles in thils case will have
secondary signlficance; particles can coagulate, for example, only

at the time of formation of the aerosol, when particle concentration
is very great.

Really, in the case of setting up smoke scrazens we observe the
following picture. The cloud of smoke doss not remain constant,
but c¢ontlnuously changes; it is vicked up by alr currents ani moves

X

together with them, gradually 1ncreasing in volume. The concentra-

tion of smouke in the cloud decreases as it moves frem its source, the

cloud thins. range of visibility in it becomes greater, and its
camouflaging properties are lowered. In separate cases the smoke
cloud can change direction of movement or even rise upwards. A
smeke cloud, introduced into the atmosphere, consequently becomes a
component part of the latter and in its behavior obeys the bhasic
laws determining the behavior of alr.

The tasic factors affecting the behavior of a smcke cloud are
direction and speed of wind.

A3 18 known, wind 1s the horizontal shifting or alr. The
cause ol appearance of wind is primerily thermal (temperature)
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circulation of ailr, occurring continuously both in a vertical aad
also in a horizon.~1l direction due to nonuniform heating of separate
sections of the earth's surface. The appearance of wind also depends
on difference in atmospheric pressure. The greater thils difference,
the strorger the wind. Moving alr, furthermore, 1s influenced
deflecting furce of rotation of the earth and friction between

moving layei's of alr and its uneven surface. Due to friction the
rate of movement of alr at the earth's surface is less than the rate
at a certain distance from 1t.

Directicn of movement of a smoke cloud 1s determined by the
direction of the wind, which is designated by that side of the
horizon from which the wind blows. In the case of setting up smoke
screens the direction of the wind 1s usually determined relative to
~the frontline of our own troops. Based on this criterion we
distingulsh:

— frontal wind, rear (toward the enemy) or head (from the
enemy), blowing perpendicular to the frontlline or at an angle to
it within limits cf 60-90°;

— oblique wind (rear or head), blowing at an angle to the
frontline;

— flanking (lateral) wind, blowing in parallel to the frout-
line or with a deflection from it up to 30°.

Depending on wind direction the problem of selectloun of means
for setting up smoke screens 1s declded. For example, :n the case
of wind toward the enemy (frontal rear wind) the smoke screens cas
be created by any smoke deviccs, while in the case of wind from
the enemy {(frontai headwind) tlie main methods used will be those
which make it possible to create swoke screens 1n the enemy's

location.

Jate of movement of a smuke clcoud 1s equal to wlndspeed, which

13 measured In meters per seccnd. Windspeed exerts a great Intluence
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on duration of preservation and range of propagation of the smoke
clousddl. It has been established by experiments that the greater the
wirdspeed, the more rapidly the scattering of the smoke cloud takes
place, and the less the distance over which 1t spreads while preserv-
ing 1:s camouflaging propertiles.

The most favorable wind for setting up smoke screens 1s one
with a speed of 3-5 m/s. At high windspeeds the expenditure of
smoke agents is increased. Wind with a speed greater than 9 m/s 1s
unfavorable for creation of smoke screens, since it leadsz to the
rapid scattering of the smoke cloud. Wind with a speed less than
1.5 m/a3 is also unfavorable for the release of smoke: such winas
are unstable in direction and are characterized by sudden attenuation
to a calm. They can b. used only for setting up temporary screens.

If it 18 required to cover a given area with smoke with the
help of a limited number >f fixed sources, then 1t 1s desirable
to have a windspeed which 18 constant in valu¢ and direction. In
the case of too great a windspeed the satisfactory covering of an
area wil) require an excesaive expanditure of smoke; in the case of
too low a windspeed the formation of a screen will occupy much time.
If there 18 no wind, then a smoke screen can be formed only by means
of releasing the smoke from moving vehicles.

Besides wind, the behavicr of a smocke cloud is influenced by
the degree of vertical stablility of the ailr.

Three degrees of vertical stabllity of air are distinguished.

The rirst degree — inversion — is characterlized by great
vertical stability of air, caused by an increase of 1lts temperature
with height and strorg cooling of the ground. It 13 known that
heating and cooling of the earth takes place more raplidly than heat-
ing and cooling of the air. In the ~vcning and at night fcolilowing
cooling of the earth there i1s the strongest drop in the {emperature
of layera of air which are nearest tc it. The colder and. Zonse-

111y, heavlel air 18 below, and warmer above. During invers!on
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the atmosphere prcserves the stablest condition. With such an
atmospherlc state the local temperatare circulation of ailr in 1t
1s aluust ceased. ’

Inversion appears at night when there 1s a cloudless sky. In
winter 1inversion is possible on clear frosty days.

The second degree — igoithermy — 18 charscterized by a state
of indifferent vezrtical equllibrium of air, which 1s caused by an

equality of alr temperatures at all hedghts of the surface layer and
soll.

Isothermy appears in the morning and evening hours durlng stablie
weather, but is most typical for overcast weather.

The third degree — zonveetion ~ 18 characterized by great
vertical instability of air, which 1s caused by & sharp drop 1n
temperature of the air witn helght and strong heating of the soil.
During convection thermal clrculation and strong mixing of airmasses
take place. The warm earth glves off heat to the lower layers of
air; these layers, being heated and becoming lighter, rise upwards
and are displaced by the colder and denser layers.

Convection 1s observed on clear summer days; it begins in
approximately 2.5-3 hours after sunrise and is finished in approx-
imately 2-2.5 hours prior to 1ts setting.

The degree of vertical stabllity of the air 1s characterized
by the value of the vertical temperature g.adlent. The vertical
temperature gradient is the difference of temperatures of alr (At),
measured at two standard heights — 20 and 150 cm apove the unders-

lying surface of the earth, 1i.e.,

A==ty 1y,

#here t, — temperature of air at a helght of 20 ¢m; t, - lemperature

i w

¢f alr at a height of 150 com.
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A negatlve temperature gradlent corresponds to inversion,
zero — to isothermy, and positive -~ to convecticn.

In the case of inversion a smcke cloud scatters slowly and
moves under the influence of wind directly at the underlying sur-
face of the earth; during inversion the most favorable conditilons
for release of smoke are created. In the case of isothermy average
conditions for the release of smoke are observed. The smoke cloud
formed durlng convection, as a result of intense turbulent mixing,
scatters rapidly, rlsing to the upper layers of air; convectlon 1s
extremely unfavorzble for release of smoke in the case of camouflage
from a ground enemy, but promotes the best blanketing when camouflag-~
ing rear objects from aerlal observation.

Due to turbulence of atmosphere and continuous mixing of snoke
wilth the surrounding pure air, the smoke cloud 1s increased in
volume as 1t moves away from the source of smoke and acquires
approximately the form of a semicone with the summit at the point
of release of the smoke. Views from above and from the side of a
snoke cloud are shown in Fig. 4. Line 0X is conditionally called
the directrix of movement of the cloud.

» —

View from above

4 ~

- —0

View frum the side

Fig. 4. Form of smoke cloud.
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The width of s smoke c¢loud chianges with distance; 1t can be
determined by the formula

a=29} D,
where 0 — distance from source of smoke, i,

Height of a smoke cloud h depends on degree of vertical
gtabllity cf the air. Thus, during convectlion the helght of a
cloud 1s greater than during other degrees of atability, and 1is
equal approximately to 0.1D.

when the atmosphere 1s vertlically unstable and there are
ascending currents of air, the smoke cloud gradvally shifts into
the upper layers of alr. At the same time the wind shifts the
amoke In a horizontal direction. Thls ascending mcvement of the
aloud leads at a ceriuln distance from the point of release ovi the
smoke to & bLreskaway of 1t from the earth and, consequently, So a
loss of effeztiveness ot ihie smoke screen. The greatzr the apeed
of ascending currents and the slower *‘he windspeed, ithenn the more

gtesply the cloud will rlse and the more rapldly 1t will break

Besldes atmospherlce condittons, the breakaway of a cloud 1s
{nfluenced by the temperature of Lhe amcke In the precess of smoke

~

generatlon., Increase of temperature of smoke leads t. Intensiflca-
tion of convectlion phenomenn 1 the smoke cloud and to a decreasc

of 1t stablility.

The state of a smoke cloud ts also Influenced unfavorably by
raln; when the drops fall they intensify turbulent mixing of the
atr, which In the end leads to more Inftenge scatlering of the snoke
cioud.  Besidens this, vratn attracts partlelen of smeke Lo the ground
and promotes thetr settling.  Driusie, conversely, lmproves the

camcul iy tay propertics of smoke screens and decrenses tae ranpe of

visibl Y ry. Snowfall Jdoes not Intluence the use of amoke oereens,
r
t
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Rellef of the terrain also renders an essent’ 1l influence on
the movement, behavior, and stability of a smoke cloud. Unevenness
of terrain (high ground, ravines, hollow) promcte the appearance of
local winds, in consequence of whizh turbulent mixing 1s intensified
and scattering of the smoke cloud 1is speeded up. Heights with steep
slopes are by-passed on the sides by a smoke cloud; in this case
the summits of the heights may not be coverea by the smoke. At
low windspeeds stagnation of smoke can form in hollows. At high
windspeeds, conversely, in certaln cases the smoke cloud passes
over the ravine or hollow without filling them in.

Woods are by-passed on top by smoke clouds, shere the cloud
of smoke partially flows into them. The tops of trees promote
intensive turbulent mixing of air, which leads to partial scatter-
ing of the amoke cloud; in woods stagnation of smoke will form.

From what was examined it is clear that weather and rellef of
terrain essentially affect the state of a smoke cloud. In connectlion
with this the whole totality of these conditions 1s tentatively split
into three groups: favorable, moderate, and unfavorable.

Favorable conditions: wilnd — stable in direction and speed,
3-5 m/s; degree of vertical stability of alr -- inversion or
isothermy; terrain - level.

Moderate conditions: wind - 6-8 m/s; 1sothermy; terrain —
moderately broken.

Unfavorable conditions: wind — up to 1.5 m/s and more than
8 m/s, turbulent; degree of vertical stability of alr — convection;
terrain — strongly broken.

Sea surface renders a unigue influence on the behavior of a
smoke screen. Water cools and is heated more slowly than land, and
due to this during the hours of morning inversion or on cold nights
the air over the water is warmer than that over the shore, and the
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convection currents which ferm carry the smoke cloud upwards. By
day, conversely, alr over the water 1s colder and the smoke screen
is pressed to the water surface. Therefore, the most favcorable
time for setting up of smoke screens over a water surface 1s in
daytime.
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CHAPTER III
SMOKE-PRODUCING SUBSTANCES

Methods of Obtainling Aerosols. General
Characteristics of Smoke-Producing
Substances

Methods of obtaining aerosols are varicus, but usually they
amount to two — dispersing and condensation. The basic difference
between these methods is that in the case of the first method the
specific surface of the 1nitlal system increases, and in the second

it decreases.

Dispersion 1s carried cut by mechanlical means, for example,
pulverizing of a solid on grinders, spraying of liquid (pulverization),
destruction of solid or liquid bodies by an explosion. This method
requires complex and bulky equipment and aerosols obtained by 1t are
qulite coarse, therefore it did not find wide application.

Th- essence of the condensation method of formation of aerosoils
lies in the fact that a substance, irnitially broken into separate
molecules (most frequently transformed into vapor), is condensed,
forming so0lid or liquid particles. The process of condensation goes
on snontaneously and is accompanied by the release of energy. This
is the most widespread method.

All condensation processes for the formation of sercsols can
be divided into two stages — formation of supersaturated vapor and
condensation itself.

35



Obtalning of supersaturated vapor is carried out by two methods —

cooling of heated vapor (physical condensation) and as a result of
the reacticn between gaseous products of so0lid or liquid substances
(chemical condensation). ‘

It is known that for every substance the pressure of vapors,
which are saturating space, for every temperature there is a fully
specific value. If the temperature of alr, which is saturated by
vapors; drops, then there is a decrease in the value of elastlcity
of saturating vapors, and vapor which 1is surplus already super-
saturates space. Thils 1is the essence of physical condensation.
Supersaturated vapor 1is then readily condensed into fog (smoke).

I. typical example of the formation of an aerosol using the
phenomenon of physical condensation 1s the sttaining of smoke by the
burning of smoke pots or grenades equipped with the so-called
anthracene smoke mixture. As a result of burning of the mixture the
smoke' generator which is found in the mixture 15 sudblimated, then in
the cold air the formation of its supersaturated vapor takes place,
and, finally, the formation of smoke.

Sublimation 1is carried out by several methods:

— by heating the substance to bolling or pouring the substance
on a heated body; here the vapors of the substance, which are
strongly heated, upon touching the mass of cold air are condensed
into fog or smoke;

— Dy transmission of a stream of alr through heated liquids,
during which the ailr 1s heated and 1s saturated by vapors of the
liquid; when the alr emerges from the hot zone, vapors of the
substance which are carried away by it are condensed and form an
aerosol;

— by burning of a fuel mixture, in which a sublimable solid is
found in a crushed state; during burning of the mixture heat is
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developed, due to which the substance evaporates and its vapors,
coming in contact with the cold alr, form a smoke.

It 1s clear from the enumerated methods of sublimsation that
for production of smokes and fogs in such a way the only substances
which can be used are those which are chemically stable at high
temperatures and slightly volatile. Boiling point of substances
should be within the limits of from 150 to 500°C. 1In the case of
low temperatures supersaturation may not set in; 1if the temperature
is very high, then 1t is very difficult to vaporize a quantity of
substance which is sufficient for the formation of smcke.

Obtalning of supersaturated vapor as a result of chemical
reactions in a gasecus environment is the direct result of preliminzry
saturation of air by vapors of products which are found in it. As
a result of the reaction between two such gases the product formed
supersaturates space iIn the case when it 1s In a concentcationr.
exceeding a concentration corresponding to its normal vapor pressure.
The process of formatlion of aerosols in thic case is the same as
in the case of physlical condensation - condensation of supersaturated
vapor.

An example of the reaction of two gases with the formatlion of
an aerosol is the reaction between ammonia and hydrogen chloride,
as a result of which “he white smoke of ammonium chloride is formed:

NH‘ + HCI -> NH‘CL

In the practize of camouflaging smoke generation chemlical reac-
rions in a gaseous environment are used gulte extensively. As the
gaseous environment elements of the atmosphere are used - water vipor
or oxygen.

In certaln cases for obtalining of smokes or fogs 1t [s possitle
to use dispersion and condensation simultaneously w~hich can be

called a comblined method for obtalning aerosols.
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The examin: ' methods of formatlon of aerosols are the basls of
obtalning camouflaging smokes.

Based on the method of smoke generation, smokﬁlproducing sub-
stances, used for the production of camouflaging smokes ca# “e
conditionally divided into four groups: '

— substances, forming fogs during atomization or evaporation
as a result of chemlical interaction with moisture of the air; this
group of substances includes: sulfuric anhydride, oleum, chloro-
sulfonic acid, solutions of sulfurlc anhydride in chlorosulfonic
acld, titanium tetrachloride, silicon tetrachloride, and cthers;

— substances, giving c¢ff smoke during burning as a result of
the interaction with oxygen of the air (the most typical representa-~
tive — phosphorus); ’

— substances, forming smoke during their sublimation or from
products, glven off 1in the course of a thermal process (pyrotechnic
mixtures);

— substances, forming smoke during evaporatior. urder the impact
of high temperature (o0il products).

Substances, Giving Off Smoke ss a Result
of the Reaction with Moisture
of the Alr

Substances, glving off smoke as a result of reaction wlth molsture
of the air, have a quite sharply expressed anhydride nature. Beling

quite volatile, they smoke in 2ir spontaneously.

The preocess of omoke generation of these substances proceeds

in the fellowing stages:

— wilth the atomization of smoxke-producing substance {mixture,

into small drops,
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— with evaporation of a substance (mixture);

— with the chemical reaction of vapors of a substance (mixture)
with water vapors in the atmosphere and with condensation;

—~ with absorption of moisture.

The division of the process of smoke generation into stages is
conditional, inasmuch as the process 1s indivisible and all the
accompanying phenomena occur practically simultaneously.

Thorougn atomization of a substance (mixture) 1s a necessary
condition, ensuring intersive flow of the process of smoke genera-
tion, since hLere the surface of evaporation 1is increased. Intensity
of evaporation 1s ensured by high vapor pressure of the substance
(mixture); in the summer vapor pressure 1s considerably greater than
in winter, in consequence of which under winter conditions 1t is more
difficult to obtain a good smoke screen. In the summer, under con-
ditions of increased temperature, the reaction of vapors of a sub-
stance (mixture) with vapors of water proceeds more intensively.

It 1s clear from the cited arrangement of the process of smoke
generation that the camouflaging properties of smoke, obtained from
the examined substanres, are imgroved with a rise 1in alr temperature,
with an increase of 1its relative humidlty, and with an increase in
the degree of atomization of the smoke-producing substance.

Sulfuric Anhydride (Sulfur Trioxide)

Pure sulfuric anhydride 15 a colorless, slightly mobile liquid,
the specific gravity of which 1s 1. 92 and boiling point 44.6°,
Technical sulfuric anhydride 1s sclid, white, with a neeu.e-shaped
structure of mass, and with a centent of from 96 to 1N0% of baslc
product. During storage, especlully if there are traces of moisture,
this substance 15 modified belng converted into long stlky crystals,
which at 509, without bheing melted, are sublimated. Vapor pressure

of sulfuric anhydride at 24° {s 40 mm Hp,
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Parent substance for the production of sulfuric anhydride is
sulfur dioxide, which 1s obtalined by burning of sulfurous metals,
mainly iron pyrite Fesz, in special furnaces with the admission of
air. Natural sulfur 1s used also for the production of sulfur

dioxide.

Characteristic properties of sulfurlc anhydride are its high
volatility and extraordinary hygroscopicity. These propertles also
determine its smoke-producing capacity, since the vapors of sulfuric
anhydride, when introduced into the air, resct with meisture, forming
a fog which 1s made up of particles of sulfuric acid suspended in
the zir. The reaction proceeds with the liberation of a large”émount
of heat:

SO; -+ HyO — HySO, + 21 000 cal.

Schematically the process of smoke generation of sulfurlc anhy-

dride can be vpresented as fcllows:

SO3 (solid) crushigg_ SO3 (sclid) evaporatioqr SO3 (vapor) —»

condensation

chemical N H2SOu (vapor)

—— HQSOM (fog)—»
reaction with HZO (boiling 338°)

absorbtion of moisture

H,SO (rfog with larger drops of
from the alr 277y diluted stoh)’

i.e., sulfuric anhydride is crushed, evaporates, then reacts with
moisture of the air; the sulfurlec acld formed is condensed and is
diluted by moisture of the air.

Effectiveness of smoke generation of sulfuric anhydride depends
on the method of application (fineness of crushing 503), on tempera-
ture {intensity of evaporation of 803), and on relative atmospheric
humlidity (de:ree of diluticn of stou with vapors of water).
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Sulfurilce ahhydride possesses  the qualitles of a gzcod smoke
generator; it itself is volatile and, by rzcacting with mcisture of
the alr, gives a hygroscoplc product 5; low volatility (sulfuric
acid), as a result of which a stable fog is obtalned. However, it
has not recelved wide-indéﬁénﬁent application due *tc the soli
aggregate sfafe at ordinary temperatures, which prevents 1t from
being used with the help of the spraying method. '

In the First World War sulfurlc anhydride was used in smoke
shells and aerlal bombs In the form of an lupregnation of a porous
base (pumice, diatcmite).

Oleum

Oleum 1s the name for a solution of sulfuric anhydride in sul-
furic acld. Depending on the content of sulfuric anhydride, oleum
at crdinary temperatures can be a liquid or in s crystal state;
density of oleum 1s increased with an increase in the content of
sulfurlc anhydride.

Technical oleum 1s a heavy oily liquld of 2 yellowish or brown
cclor. Content c¢f free sulfuric anhydride is from 18 to 199%.

The smoke-producing capacity of cleum is based on .lhe fact that
sulfurlc anhydride evaporates from it easily, and when 1t combines
with moisture a drop of sulfuric acid is formed. Suifuric acid,
as was already indicated, being a substance which is extremely ,
hygroscopic, avidly attracts the moisture of the alr, thus,fnrhing
a thick, stable fog.

The high viscosity of oleum and capacity tc solildify at low
temperatures narrow the possibilitles of its application as a smoke-

producing substance.

Chlorosulfonic Acla

During the First World War for the purpose of camouflaging smoke

S
generation chlorosulfonic acid was wsed — it is an incomplete acid
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chloride of sulfuric acid:

- 0
{oor N\
SO,0HC >s

At ordinary temperature technical chlorosulfonic acid 1ia a
heavy liquid, of different colors ~ from yellow to brown — which
fumes in the air. Its =specific grarity at a temperature of 20°
is 1.720-1.770, bolling point within the 1imits of 150-152°, and
freezing point -~80°.

Chlorosuifonic acid is obtalned from sulfuric annydride and
phosphorus chloride,

Tne process of smoke generatlon of chlerosulfeonic acld 1s based
on the fact that 1ts vapors, which are ohtained in the air when it
iz snrayed from devices, react with moisturs of the air with *he
formation of sulfur

x_n

cid and nydroger. chloride:
S04,0HTCI - HyO — H,yS0, + HCL

For the best smoxe generation and best evaporation of chiovroe-
ulfonice aeid, prior tc jaunching in the air it 1s heated or sprayed

with superheated vapor.

Chlorosulfoni: acid glver 2 fog whicin has good camouflaging
preperties. It 1s comparatively inexpensive, nowever, 1ts smoke
nossesses an irritating property; liquid ch'oreosul fanic acild

carbonlzes animal and plant tissues and acts on metals.

Chlorosulfonic acld, as ccempared to sulfuric, has lesser
vlscosity, conslderacty greater velatllity, and a .ower freezing
point. These properties determined its appllcatlion as solvent for

sulfurie antydrlie,
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Solutions of Sulfurlc Anhydride in
Chlorosulfonic Acid

Chlorosulfonic acid, as compared to sulfuric anhydride, produces
a smoke with a lesser camouflaging capacity. Solutions of sulfuric
anhydride 1in chlorosulfonic acid produce a stabler smoke with a high
camouflaging capacity. Therefore such solutions have received wlde
application. During the Second World War they were applled by means
of spraying from smcke machines and devices.

The process of smoke generation of a smoke mixture on a base
of a solution ¢f sulfuric anhydride 1in chlorosulfonic acid 1s
analogous to the procees of smoke generatlon cof sulfurlc anhydride
and chlorosulfonic acid separately. In view cof the great difference
in the bolling points of components of the mixture (for sulfuric
anhydride 44.6°, for chlorosulfonic acid 151°) the process of
evaporation proceeds basically with the formation of vapors c¢f
sulfuric anbydride as the most volatile. Evaporation of chloro-~
sulfonic acid proceeds siowly even in the summer.

The basic smoke generator in mixtures on a btase of sulfuric
anhydride and clhiiorosulfonic zacid 1s sulfuric anhydride, therefore
it 1s ewpedient to use solutlions of 1t for smoke generatlion as
concentrats . za poesivlae,  However, increase of concentration of
sulfuric anhydride is limited by the high freezing point of mixtures
contalning very large guantities of 803.

The wldest use has been made of solutions of sulfuric anhydride
in chlorosulfonliec acid of the follcwing compositions: U0% (by
weight) sulfuric anhydride and 60% chlorosulfonic acid; 60% sulfurtc
anhydride and 40% chlorcsmifoniec acid. According to reports in the
American press, the United States bas a "rFS" mixture contalning 5%%
sulfuric anhydride and 45% chiorosulforlc acid. This mixture does
not freeze at -33"C. Tt i5 considered that as smoke mixtures 1t l1s

possible to use solutions contalning up to 70% sulfurte anbydride,

Thue examined mixtures alony with cuifurtis anhvdride and
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chlorosulfonic acid contain sulfuric acid. The presence of sulfuric
aclid in the mixture at low temperatures leads to the formation of an
insoluble precipitate which prevents its effective application under
winter conditions (obstruction of plpelines and sprayers, lowering
of volatility, raising of freezing point). This 1s the deflciency
of such mixtures.

Another significant deficiency of smoke mixtures on a base of
sulfuric anhydride and chlerosulfonic acid is the low utilization
factor of mixtures. This ccefficient does not exceed 30% in the
summer atd 1s considerably less in the winster.

The smoke of mixtures of sulfuric anhydride and chlorosulfonlc
acid 1:s not dsngerous for man, but irritates the upper respliratory
tract, and when it scttles on equipment, weapons and radio equip-
ment it causes rusting of unpainted metallic surfaces.

Titanium Tetrachloride

Pure titanium tetrachloride is a colorless liquid which smokes
in the ailr. ts boiling point 1is 135.8°, melting point -23°, and
specific gravity at 10° is 1.7446. -Technical titanium tetrachloride
is a liquid, which to a greater or lesser degree 1s colored yellow
and which contains various impurliti-~s.

For production of titanium tetrachloride they use either pure
titanium oxide or titanium containing ore {rutile, ilmenite, and
titanomagnetite).

Principle of smoke generation of titanium tetrachloride amounts
to the following. Vépors of titanium tetrachloride which appear
when it 1s sprayed react with molisture of the air when they enter
the atmosphere and form smoke particles conslsting of products with
a various cd2gree of hydrolysis of tiltanium tetrachloride. 1In the
end the parilcies of smoke, obtained as-a result of application of
titanium tetrachloride, consist of hydrated titanium acld with a
low content of hydrogen chloride.
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Usual field concent~ations of smoke which 1s formed by titarnium
tetrachloride slightly irritate the nasopharynx. In the interaction
with metals the smoke of this smoke generatcer causes corrosion.

Titanlum tetrachloride reacts rapidiy with moisture in the air,
tforming a solid substance. Due to this its application with the
help of spraying equipment 13 hampered; for use in spraying equipment
it finds lesser application that a solution of sulfurlc anhydride
in chlorosulfonic acid. According to the press, titanlum tetrachlorige
is included in the inventory of the United States Army as a smoke-
producing substance for use in artillery smoke shells (mortars).

Smoke-producing action of titanium tetrachloride 1s strengthened
considerably in the case of the simultaneous release of titanium
tetrachloride and ammonia from smoke devices.

Silicon Tetrachloride

Silicon tetrachloride 1s a celorless 1liquid which fumes strongly
in the ailr and possesses a sharp cdor. Its boiling point is 57.02°,
melting point -70°, and specitic gravity 1.483.

The process of smoke generation of silicon tetrachloride amounts
to the following. Being sprayed in the atmosphere, it evaporates
rapidly and 1s subjected to hydrolysis by mecisture of the air with
the formation of smoke ccnsisting of particles of silicon acid:

SiCl, 4 4H,0 - Si(OH), + 4HCI.

In case of the simultaneous release of amrmonia the hydrogen
chloride which is formed particlipates 1in the process of smoke genera-
tion and together with ammonia produces particles of ammonlum chloride.

Field concentrations of smoke which contains hydrogen chloride

and which was formed by silicon tetrachleride possess an Iirritating
efrfect and cause the corrosion of metals.
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The fcrmation of smoke frcm silicon tetrachlorlide can be achleved
both by means of spraying 1t {rom devices and also by means of.
spraying during the bursting of artillery smoke shells. Silicon
tetrachloride as a very volatile substance evaporates completely.

Tin Tetrachloride (Stannic Chloride)

Stannic chloride can be examined as a full acid chloride of
ortho-stannic acid Sn(OH)u. It is a transparent, colorless, heavy
l1iquid which fumes intensively in the air. Boiling point is 144°,
melting point -33°, and specific gravity 2.226.

Stannic chloride can be used independently as a smoke-producing
substance and jointly with ammonia. The process of smoke generation
is based on the interactlon of vapors of stannic chloride with
moisture of the air, where in the alr initially smoke particles of
hydrates SnC%-3H20, SnClu-SHZO are formed. By hydrclyzlng, these
gradually yield ortho-stannic acid:

SeCl, + 4H,0 = Se (OH), -+ 4HCL.

In the presence of ammonia, hydrogen chloride, which 1s obtalned
as a resuvlt of the hydrolysis of stannic chloride, enters into an
interaction with ammonia andé serves as an additional source of smoke
generation.

When vapors of stannlc chloride get into the alr they react
with water vapors. Here there 1s the possibiiity of hydration and
hydrolysis of stannic chloride, and due tc this the dispersed phase
of the smoke whilch forms can consist of solid particles of hydrates,
ortho-stannic acid, and incomplete acid chlorides of ortho-stannic
acid.

Smoke {ormed by stannic chloride is irritating to the organs
of breathing and sight, however, it does not present a great danger
rfor man.




The formatlon of smoke from stannic chlcride can be achieved
toth by spraying of stannic chlorilde from various devices and also
by spraying during the bursting of artillery amoke shells.

Substances Which Produce Smoke as a Result of
Reactions with Oxygen of the Air

Phosphorus 1s one of th= substances whlch produce smoke as a
result of reactions with oxygen of the air.

Eiementary phosphorus exists in several allotropic modifica-
tions. The most well-known and studled are two varieties of 1t -
white (or yellow) phosphorus and red phosphorus. Only white phos-
phorus 1s used as a smoke generator; red phosphorus i1s sometimes
used in a mixture with white phosphorus for the purpose of a more
uniform and prolonged smoke generation of the latter.

White phospherus 1s a transparent mass of c¢rystalllne structure
which is colorless or with a yellowish shade. 1Its melting point is
44.3°, boiling point 280.1°, and specific gravity 1.83.

In the air white phosphorus which is heated to U45-60° ignites.
Spontanecus ignition of phosphorus in the alr 1s also possible at
lower temperatures as a result of 1ts oxidation by oxygen of the air.

Process of smoke generation of phosphorus consists of the
following.

In the case of the interaction of phosphorus with oxygen of the
&ir phosphoric anhydride i1s formed:

4p + 50‘ ing 2P’O§o

T4

I+ 1s a very volatile and hygroscopic¢ substance. As a result of
reaction with water vapors of the air, phosphoric anhydride forms
ovrthophesphoric acid:

P40, + 3H,0 — 2H,PO,.
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Vapors of orthophosphoric acid are alsoc hygroscopic and in turn
absorb molsture of the air:

PLP04+4GQO"EBPO¢'”H61

In the end the smoke formed by phosphorus constitutes a fog
which consists of the smallest droplets of a solution «f ortho-
phosphoric aclild ir wuater. '

Absorption of molsture of the atmosphere by droplets of ortho-
phosphoric acid occurs as long as pressure of water vapor over the
drop is not equal to vapor pressure 1n the atmosphere. This makes
it possible with one part by welght of phosphorus to obtain five and
more parts by weight of the dispersed phase, which makes phosphorus
cne of the best smoke generators.

A phosphorous fog i1s not poisonous, but when it is inhaled
it irritates the throat slightly causing a cough; furthermore, it
has a destructive action on metals. A phosphorous fog is formed by
the bursting of shells, mortars, and aerial bombs which are loaded
with phosphorus.

Phosphorus belongs to the ranks of quite widespread ele¢mants
and comprises around 0.06% of the entire mass of the earth's crust.
In nature it 1s encountered only in an oxidized state in the form of
various kinds of salts of phosphoric acid (phosphorites, apatltes,
and others).

Pyrotechnic Smoke-Producing Compositions
of Camouflaging Smokes

Pyrotechnic smoke-producing compositions of camouflaging smnokes
are divided into two groups. The first group includes compositions
which have one of the components of the smoke generator ready for
use, and which during burning of the composition is sublimateda and
upon entry into the atmosphere produces a cloud of smoke. The
second group includes compositions which produce smoke as a result
of the chemical reaction of components during their burning.
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Pyrotechnic smoke-producing compositions ﬁﬁich produce smoke as
& result of sublimation are simple and contain the smoke-producling
substance, a combustible, and an oxidizer.

As smoke-producing substances in these compositions they use
readily sublimable substances — ammonium chloride, aromatic hydro-
carbons (napthalene, anthracene, phenanthrene, carbazole) and hydro-
carbons of aliphatic serles (spindle; machine, cylinder 0il). These
substances possess high volatility at the temperature of sublimation,
chemical invariability at high temperatures, and low volatility at
ordinary temperatures.

The combustible in the mixtures is the socurce of heat, due to
which sublimation of the smoke generator takes place. Charcoal,iw
starch, sulfur, and milk sugar are used as fuel, 1l.e., substances
which oxidize at low temperatures and during oxidation}produce a
large thermal effect.

Since the process of burning of smoke-producing mixtures usually
takes place in a closed volume, wilthout the access of alr, then to
ensure this process an oxidizer is introduced 1nto the mixture.

Mcst frequently oxygen compounds are used as oxidizers, potassium
chlorate for example.

Besides the three basic components (smoke-producing substance,
combustible, and oridizer), pyrotechnic smoke-producing compositions
with the smoke-producer in a prepared form can alsc contaln auxiliary
components — stabillzers, lonseners, flash reducers. These components
are introduced in small quantltles, so that the pyrotechnlc composi-
tion can be used most effectlively.

Stabllizers are substances which prevent a too vigorous and
rapld burning of the nixture. The process of stabllization 1s based
on the fact that stabilizers absorb a large quantity 2f heat, which
ensures an even and calm burning of the mixture. The most”widbu
spread stabllizers are ammonlium salts and oxallc acid.
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Looseners are substances which loosen the mixture and make it
more unlform, as a result of which free yleld of gaseous products
into the atmosphere and stable smoke generation are ensured. Most
frequently kieselguhr (infusorial earth), zinc oxide, and magnesium

carbonate are used as looseners.

During combustion pyrotechnic smoke compositions sometimes give
off a flash; uniformity ofhurning of the mixture is disturbed by
this, the amount of smoke liberated decreases sharply, and the smoke
acquires a grayish shade. To avoild the phenomenon of inflammation
flash reducers are added to the mixture. The best of thsse are
soda, chalk, and magnesium carbonate. During thelr own de:omposifion
these salts glve off carbon dioxide, which dilutes the gaseous products
of burning of smoke compositions whiech are capable of inflammation
and thereby prevents their ignition.

Smoke mixtures of the type examined were used extensively during
the First and Second World Yars. Durlng the period of the world
war in 1914-1918, for example, the Yershov mixture which was already
menticned was used. In this mixture ammonium chloride was the
basic smeke-producer and napthalene the fuel, and at the same time
an additional smeke-producer, since during burning of the mixture
some of 1t sublimates and when it leaves the shell 1t produces addi-
tional smoke particles; potassium chlorate and potassium saltpeter
served as the oxidizer, and birch carbon as a locserer and fuel.

The most widely used mixture during the years of the Second
World War was a mixture consisting of anthracene, ammonium chloride,
and potassium chlorate. This mlixture, which was frequently called
anthracene, remains in the armament of armies of a number of countries
even at present. In 1t anthracene serves as a fuel and smoke-producer,
ammonium chlorlde as a smoke-producer, and potassium chlorate as
tne oxidlizer. Combustion temperature of anthracene mixture resches
. 350-400°.

According to patent data (patent 2,642,502) in the army of

the Unlted States smoke mixtures analogecuvs to anthracene have been
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developed on the basis of sulfamic acid: 65% sulfamic acid and 35%
potassium perchlorate; 58% sulfamic acid and 42% ammonium perchlorate.
Sulfamic acid 1is the smoke-producer, and potassium and ammonium
perchlorates — the fuel and oxidizer.

Pyrotechnic smoke compositions of the antbracene type are used
mainly for f1iling smoke pots and hand smoke grenades.

The process of smoke generation of such mixtures, used in
smoke pots and hand smoke grenades, consists of the following. The
oxidizer as a result of the action of heat which 1s liberated during
burning of the igniting fuse of the pot or grenade, is decomposed
with the liberation of oxygen. Under the action of heat and oxygen
some of the fuel burns, and a portion 1s melted and passes 1intc a
vaporous state. The smoke-producing substance as a result of the
actlion of a large amount of heat, obtained during combustion of the
fuel, is decomposed with the llberation of gaseous prcducts. The
heated zaseous products emerge from the shell into the atmosplrere,
where, being cooled, are turned into the smallest solid particles,
i.e., Into smoke, and then, spreading in the direction of the wind
and attracting molisture from the alr on the force of thelr own
hygroscoplicity, will form liguld partlcle: Lf fog.

Pyrotechnic smoko-producing compositions, in wnich smoke 1is
obtained as a result of the reaction of burning, constitute the
so-called metal-chloride smoke mixtures, i.e., s0lld mixtures made
on the basls of powdery oxides of metals, serving as the fuel, and

various organic halogen derivatives serving as the oxidizer.

A typlcal representative of metal-chloride smoke compositions
13 the previously mentioned Berger mixture which was used widely
during the years of the Flrst Werld War. In this mixture carbon
tetraciiloride 1is the oxidizer and zinc dust tb~ fuel. Hmoke 1s

formed by the burning of the mixlure due tc¢ reduction of carton

tetrachlioride by zinc:

CQl, + 2Zn -+ C+ 2ZnCl,.
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vapors of zinc chloride obtained as a result of the reaction
are condensed in the atmosphere into white particles, making up the
basic mass of the smoke cloud. However, the cloud has a gray color,
since along with particles of zinc chloride there are black particles
of carbeon in 1t.

Besides the basic components (oxidizer and fuel), metal-chloride
smoke mixtures frequently contain a number of compcnents which have
an auxiliary value. For example, mixtures containing carbon tetra-
chloride have in their composition an absorber of this liquid. The
absorber (usually kieselguhr) prevents stratification of mixture.
Sometimes additional oxidizers are added to the mixture, and also
smoke-producers. Additional oxidlzers promote the oxidation of
carbon which 1s liberated during burning of the mixture, as a result
of which whiter smoke is cbtained and burning rate of mixtures is
increased. The smoke generator, usually producing a white smoke,
also strengthens the whiteness of the smoke cloud.

A variant of tne metal-chleride smoke mixture, distingulczhed
from the Berger mixture by a greater burning rate, has, for instance,
the following zomposition: carbon tetrachloride — 40.8%, zinc dust —
34.€6%, sodlum chiorate — 9.3%, magnesium carbonate — 8,3%, and
potassium nitrate — 7.0%.

During “ne years of the Second World War in metal-chloride

smoke mixtures the liquld chlorine-containing components, carbon
tetrachlorlide began to be replaced by solld organic chlorine com-
rounds — hexachlorethane, octactlorpropane, hexachlorcyclohexane,

and others. An exampie of a metal-chloride smoke mixture, consisting
only of solld components, is a mixture, used during the Second World
War In German smoke pots (NbK-39) und hand smoke grenades (NbHgr-32).
This mixture contalned hexachlorvethane — 47.5%, zinc — U7.5% and

zinc oxide — H.0¢1.

Bestdes zine and 14s oxldes, as a combustible in metal-chloelde

amoke mixtures {1t s possible to use powders of ealetum stlieide,

tlumtnam and lron,
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Combustion temperature of metal-chloride smoke mixtures reaches
1000°.

The process of smcke generation of metal-chloride smoke mixtures
amounts to the following. Under the action of heat, liberated during
burning of the fuse of the smoke pot or hand suioke grenade, ir which
metal-chloride mixtures are basicaily used, and then the fuel, com-
ponents of the mixture react between each other and will form chlorides
of metals, for example:

CCly + 2Zn - C 4 2ZnCly;
CyCly + 2Al - 2C 4 2AICI,;
CyCly+ 2Fe — 2C + 2FeCi,.

Vapors of ch.orldes emerge outside through holes in the diaphragm
of the pot or grenade and are cooled rapidly, being turned into
minute solid particles. Then the particles of chlorides of metals
react with moisture of the alr, prcducing hydrates, which in turn
attract molsture, are dissolved in 1t and form the minute droplets
of the solution.

Thus, smcke, obtained during the burnlng metal~chloride mixtures,
constltutes a fog, conslisting of minute droplets of a solution of
hydrates of chlcrides of metals.

Smoke Mixtures on the Basls of 011
Products and Foam Plastics

In the foreign military press it 1s pointed out that for setting
up of smoke screens 1t 1s possible to use cil products, whica 1nitially
are vaporized 1n the stream of hct gases of special smoke pots or
machines, and then upon entering the atmosphere are condensed,

forming a cloud of smoke.

For best smoke generation mixtures are prepared from oil
products. As componerts of mixtures those products are taken which
evaporate completely at temperatures of sublimatlion and are readlly




condensed at ordinary temperatures in the atmosphere (diesel fuel,
mazut, solar oil, and others).

Smoke mixtures on the basis of oil products are the most inexpen-
sive and accessible of all the precently existing liquid and solid
smoke mixtures. Smoke formed by fhem 1s harmless for man and does
not cause corrosion of metals.

In recent years in a number of foreign armlies the possibility
of using foam plastics as smoke-producing substances was investi-
gated. For the production of smoke foaming resins are injected intoe
a stream of gases, the temperature of which 1s higher than the
temperature of formation of the foam plastics themselves. Droplets
of resin in the stream of hot gases which are escaping at a high
speed acquire a porous structure and harden,.forming the particles
of smoke.

The low density of a smcke cloud, formed from foam plastics,
results in the fact that the smoke remains in a suspended state 1n
air considerably longer than smokes obtained by other methods. The

density of smcke from foam plastics comprises 0.0012 g/m3.

For formation of a smoke cloud it 1is possible to use almost all
plastic materials to which a porous structure can be assigned.
Considered as mcst promising are polyurethanes on the basls of
polyester, and also phenol-formaldehyde and epoxy resins. '

Sources of hot gases, into which foamirg resins are injected,
can be gas turblnes, internal-combustion engines, and turbojet aad
Jet englnes.

1f one were to consider that fczm plastlics make up one of the
rapldly growing braiiches of the cher .al iodustry, 1t 1s podsible to
assume that in future they will find wide apnlicatlion as smoke-
producing substances.




Colored Siznal Smokes

Colored smok:s are frequently used for daytime signalling.
Usually smokes n: red, yellow, green, blue, and black colors are
ueged.

The conditions of observation of a colored smoke cloud are
influencec by 1ts form and dimentions, brightness and color of
background on which the smoke signel 1s projected, speed of wind and
atmospherlic precipitaticn (snowfall, rain, fog), height of sun above
the horizon, and position of the observer relative to the sun and
smoke cloud. '

It has been established by experiments that colored smoke clouds
have the best visibility and discernability in clear summer weather
at a wind speed of noc more than 2-3 m/s; at higher wind speeds the
smoke cloud disperses rapidly. Good conditions for observation of
the color of a cloud are those when the angle formed by the sun,
the smoke cloud and :he eyes of the observer is within the limits of
45-135°. The color of a smoke cloud is perceived most poerly in
that case when the cioud 13 on a direct line between the sun and
the eyes of the observer; during observation under such conditlons
many colored clouds seem almost white. In that case when the sun
is behlnd the observer a colored cloud acquires a dark color.

Colored smoke mlxtures constitute pyrotechnic s0lid mixtures
contalining fuel, an oxldizer, and an organic dye. Smokes can be
obtalned from them analogous to camoflaging — by dispersicn and
condensation. However, the best quality of smokes of all colors is
obtained in the case of sublimation of organic dyes.

‘"he colored smoke mixture should glve off that amount of hesat
which 1s necessary for transition of the dye into a vaporous state,
but during burning the temperature should not be so hign that it
causes decomposition of the dye. Furthermore, during burning the
mixture should give off a considerable gquantity of gaseous reaction
products, which would promote the rapid removal of vapors of the

L}
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sublimated dye from the sphere of burning of the mixture., The most
sultavle fuels for this are milk or beet sugar, starch, and sawdust.

As oxidizer in compositions of cc¥Sred smokes they use potassium
perchlorate, potassium and sodium nitrates and potassiuu
permanganate.

Compositions of colored smokes alsoc include 3 stabilizer and
flash reducer (usually bicarbonate of scdium NaHCO3).

Sometimes granulation - colored smoke mixtures 1s carried
out. This 1s done in order -0 increase the burning surface of the
composition and thereoy decrease the overall time of smoke generation
and Iincrease the intensity of the smoke. For the purpose of granula-
tion a cementing agent 1s introduced into the mixture.

Listed in the table bclow are several formulas of chlorate
compositions of colored signal smokes.

Table. Formulas of chlorate compositions of
colored signal smokes

Color of smoke, formed during
bwrning of the composition
Designa*ion of
somponents
red yellow green blue
1 2 3 4 4] [} 7 8 9
Sugar milKeseosseess seerescesianes -2l 20215 525125 5|2
Beot BUBAr.. . .ctieiiriiiinaiiienee B| =l | = =] e = | =] =
Potassium perchlorate.......c.ecue D135 30|3¢] 34135125{35130
Paratonereceeecs... tressesosesessona =] ==l == =] =] =
Rhodamine Beececococor raesracrnaes li 40 — ] — - oo | e | e ] -
Araming..c.coe.. tevessnsinanins oo -— -] 40|41 27|12} =] | —
Chrysoindin®.cceeceese- teevesons -— ] 0] =] —m] =] | == | =
Msthylene bliue.... . —_——] = ae | =] -] =160 —
Indig@0eescceroncnne esescene bessene —_— e e - 14128 —| =] —
1,4-d3methylaminemniiraquinone...o | _ | _F | | —1Il50( ! .—
Sudan blue Ceceesvesoces essressee . i | | e o= | ] e ] = | -
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Smoke of a black color cen be obtained during the burning of
metal-chloride smoke mixtures which conta’n, besides halogen deriva-
tives and metals, nabthaiéne, anthracene, and other hydrocarbon
compounds. - '
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CHAPTER IV
TECHNICAL MEANS FOR SMOKE GENERATION

Modern means of camouflaging smoxke generation can be conditionally
split intc four groups:

— means, In which combustible pyrotechnic smoke mixtures are
used (hand smoke grenades and smoke pots);

- means, in which white phosphorus is used (artillery and serial
smoke ammunition);

— equipment for application of 1liquid smoke-producing substances,
the vapors of which react with moisture of the air (amoke generators);

- means of smoke generation, in which various oll products
are used (smoke machines).

As also for other types of military equipment, smoke equipment
is centinuously being developed and improved in close conjunction
with the general development of sclence and technology. Considerable
qualitative and quantitative changes in all these devices took place
in particular during the Second World War and the postwar perilod.

In the opinicon of forelgn speclallsts, due to the peculiarities
of smoke camouflaging of troops and objects under contemporary
conditions new requlrements are presented for smoke equipment.

Under contemporary conditicns, for example, especially great
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importance has been assigned the speed of screening the covered
object. It 1s known that spreading of the smoke wuve, crected with
the help of omoke machines and pots, and also the speed of covering
the objJect with smoke, depend on speed of wind and distance between
smoke points (boundaries). Usually screening of an object during a
moderate wind occurs in 8-10 min; in the case of weak winds this
time 1s increased considerably. Now such speed of screeniny is
clearly insufficient. Therefore in the foreign military press it
is pointed out that contemporary equipment fer the release of smoke
and the system of screenling and control over it should ensure screening '
of the objective in a maximum of 2-3 min. Proceeding from this new

smoke equipment 1s being -developed.

Hand Smoke Grenades and Smoke Pots

Hand smcke grenades and smoke pots are intended for setting up
of smoke screens malinly by small subunits.

Hand smoke grenades (Fig. 5; usually have a cardboard cylinder
as the shell. It is filled with the srnoke mixture and 1s closed by
cardboard diaphragms with holes for the exlt of smoke. On one end
of the gzrenade 1n the central hole of the diaphragm an igniting
fuse 1s inserted which 1s intended for 1gniticn of the grenade, and
on the other end there is a paper tube. Both ends of the shell are
hermetically sealed by cardboard covers with tape. Under cover,
where the :zniting head of the fuse 1s located, a grater 1s pl.ced.

In P1g. 6 is shown an improved hand smoke grenade. It 1s ignited
with the help of an igniting star and wiire greter and this can be
carried out 1.1 the process of throwiag the grenade.

Hand smoke grenades welgh 0.5-0.6 kg, and duration of intense
smcke generation of the grenades 15 1-1.5 mip,

In the application of smoke grenades it 1s necessary to conslider
that the smoke mixture in them inflames very rapidly, therefore to
avold burns the grenadc should be thrown Iin the first seconds of
yburning of the mixture.
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Fig. 6.

Fig. 5. Hand smoke grenade: 1 — card-
board cylinder; 2 — diaphragm; 3 ~
igniting fuse; 4 — paper tube; 5 ~
cover; 6 — grater; 7 — smoke mixture.

Fig. 6. Hand smoke grenade (improved):
1 - cardboard cylinder; 2 — diaphragm;
3 - igniting star; 4 — wire grater; 5 —
tapsz; 6 — tube; 7 — cover; 3 — smoke
mixture.

The armement of *“he ariny of the United States includes the E16
hand and rifle smoke grenade (Flg. 7). It has a steel body and 1is
equipped with a delay fure. Tts diameter is around 6 cm, length
11.5 cm, and welght cof the smoke mlixture with which the grenade 1s
filled 1is around 350 g.

The chemical corps of the United States Arwmy recently develored a

hand smoke grenade which serves for the production of colored smoke.
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Fig. 7. American hand
and rifle smoke grenade
El16 (left) and M1A2
grenarde launcher
stabllizing device.
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The weight of the grenade 1s less than 57C g.
it calls to mind a canned food container. The grenade can be filled

with five different mixtures for ohtaining green, red, violet, white,
and yellcw smoke.

In dimernsiorns and form

Wit the help of smol”e createsd by such a grenace
it 1s possible to indicate a landing site or areas fcr concentration

of personnel and materiel. Thils grenade 1s intended for use bty
airhorne troops.

Smoke pots (Fig. 8) are metallic case, usually of a cylindrical

form, filled with a smoke mixture and equipped with a diaphragin and

cover. Whlle the pots are in storage for the purpose of protecting

the smoke mixture from moiscening the site of connection of the cover
with the case is taped with insulating tape. Ignition of the pot
is done with the help of an ignition attachment.

Fig. 8. Smoke pot: 1 -
case; 2 — cover; 3 —
smoke mlxture; 4 —
diaphragm; 5 — lnsulating
tape; 6 — Xgniter.
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In the Russ3ian army the first samples of s.noke pots were
developed in 1913 by the engineer Sannikov,

All smoke pots are conditionally sut.iivided into smell, medium,
and large.

- Small and medium smoke pots are used by all branches of service
for the nurpose of setting up smoke s.reens in all types of combat.
Scmetimes they can be used for camouflaging of rear objectiv:i,

Small smoke pots have a welght up to 3 kg and duration of intense

smoke generation of 5-7 min, Length of scre ning by a smoke screen
in the case of turning of such a pot under moderate meteorological
conditions is up to 50-70 m.

Medium smoke pots welgh up tc 7.5 kg and duration of intenca
smoke generation 1is up to 15 min. Length of screening by a smoke
screen 1n tne case of burning of medium pots under mcderate
metecrological conditions 1s up to 70-10C m,

Large smoke pots are used for setting up powerful smoke screens
on land and on water. They welgh up to 40-50 kg and duraticn of
intense smoke generation is 5-20 min. Tength of screening by a
smoke screen in the case of burning of such chargez under moderste
meteorological conditions 1s 100-150 m.

The large smoke pot (Fig. 9) is a metalllc body consisting of
an outer cylinder and bottom and cover which are hermetlcally
Joined to 1t, and also an lnner reticulated cyiinder whici: 1s filled
with the smoke mixcure. The pot 1s put into action with the help of
an electric igniter or vercussinn ignition cartridge.

Hand smcke grenades and smoke pots are fllled with pyrotechnlic
smoke mixtures (chiefly anthracene and metal-chloride). During
burning the whice smoke with the y-llow srade cr yellow-trown smcke

1s glven coff, and as 1t moves awav from the pots it changes tc white,
g >

Smoxe grenades can be filled with the mixture wi'cn glves off 1
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Fig. 9. Large smoke pot:
1 - outer cylinder; 2 -
inner reticulated cylinder;
3 - bottom; 4 - cover; 5 -
igniter; 6 - handle; 7 -
valve of smoke outlet hole;
8 — mailn smoke mixture;

9 — transition smoke
mixture.

black smoke. The possibility or using pcts of oil products as smoke-
producing substance 1s not excluded.

Hand smoke grenades and smoke pcis are used for the creation
cf camoufiaging smoke screens. Here the basic means of smoke
release are the pots, and grenades are used for the rapid elimination
of breaks in the smoke screen during the process of formation and
supporting it in time.

In the organization of a smoke screen the intervals between
smoke polnts on the boundary for release of smoke are established
stemming from the direction of the wind. Thus, in the case of frontal
¥ind the intervals are accepted as 30-40 m, in the case of an cblique
wind as i0~60 m, and in the case of a flanking wind up to 100 m.
In accordance with the accepted intervals g calcuiation is made of
the number ol smoke volnts, for which the length of the smoke release
line is divided into intervals.

The necessary number of smoke pets for creaticn of a smoke

screen 1s determined in each separate case depend:ng on the duration
of smoke release, screening 1lne, and cther conditions. Calculation
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1s ¢« nducted by the formula
M=NLT,

where M — number of charges, pleces; ¥ — nerm of expenditure of pots
per kilometer of front per hour; L — length of smcke release line, km;

T — duration of smoke release, hours.

Knowing the total number or pots and the number of smoke pcints,
it is possible to establish how many pots wili be required for each
point for the entire time of smcke release, and the number of salvos
for the same period can be determined as the quotient from the division
of time of smoke release by the time of smoke gerieration of the pot.

Artillery Smoke Devices

During the Seconc Worid War wids olication was found for
artillery smoke devices. Trie vz ue of these devices liles in the
fact tnat they make it possible to obtain =<rnke directly on the
enery's position. 1In this way more effect.ve blinding of the enemy
1s achieved and difficulties are not createa for the combat actions
of our fecrceces.

Artillery smcke devicer include smoke shells and mertars.
These rounds (Fig. 12; differ iittle 1n design and action from ordinary
fragmentaticn high-explos®wve shells and mortars. The only difference
lies 1ir- the fact that their casling 1s not filled with explosive, but
a smoke-producing substance; a small amcunt of explosive 1s rlaced
in the booster casing.

As smoke-producing substances in artillery smcke ammunition
they use white phosphorus, sulfuric anhydride, stannic chleride,
and other sclid and liquid smoxe-producing mixtures.

Smoke ammuniticn acts on a target in the same manner as

fragmentation high-explosive. When a varrier is encountered there is

an explosicn of the explosive of the main charge, causing the

el




Fig. 10. Percussion smoke
shell: 1 — body of shell;
2 — smoke-produecing sub-
stance; 3 — booster casing;
4 —~ charge of explosive;

5 — fuse; 6 — flange of
booster casing; 7 — lining.
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; splitting of the booster casing, jacket ¢f the shell (mertar), and

W smoke-producing substance.

Thus, for a phosphorus suoxe shell the follcwing picture cof
bursting is observed. At the mor?2nt o bursting cf the shell th2
phoephorus 1s crushed, scatv:ired, anc ignit-d. The thcsphoric
anhydride obtalned as a result of th>» iateraction <f rhosphorus with
oxrxen of the alr sctively abscrbs meisture fron the ztmeospheve,
and in -3 seconds at the site of impact of the shelil 2 screening
cloud of white smoke will be fermed. Depending on the callber of

' the suelil, the ecloud is held for 10-30 se-cnds.

Effectiveness of smokc amnmuaitle: is determined successfu’ly
first of all by tne evplosive charge selected. The amcunt cf
explosive in the ammunition is usually low aad makes up around 1%
of tha total welight of the shell. The rain assirnment :f the
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explosive charge 1s to burst the body of the shell and to scatter

the smoke-producing substance. Fragmentation effect of smo«e
ammunition is insignificant and comprises 5-15% of the fragmentation
effect of ordinary ammunition.

Effectiveness of action of smoke ammunition 1s also determined
by the terrain in the area of the target. Smoke ammunition 1is
ansultadble fcr use cn soft and swampy ground, and also in the case
of a deep snow cover, since the ammunition will enter the ground
(snow) and a considerable share of smoke-producing substance, teing
mixed with the grourd (snow), does not take part in smoke generation.

For the most complete utilization of the smoke-nroducirg
substance, in addition to hard ground the proper fuze setting is
necessary. In smoke ammuniticn ordinary detonators are used, but
firing 1s conducted with thelr obligatory sefting for fragmentation
(instartaneous) action.

The greatest effect 1s achleved by surprise firing of smcke
ammunition, therefore fire adjustment is conducted cor the line usually
wit: single rounds of fragmentation shells (mcrtars), after which
firing for screening begins with firing by more than one w2apcn.

Dimensions of the smoke cloud, formed by the tursting of artillery
smo¥e ammunition, are very devendent on meteorclogical 2cnditicns.
The mcst favorable metecrclogical conditiors for appiicacicn of
smcke shells and mortars are considered a calm or wind with a speed
no greater ‘han 5 m/s, direction of wind parallel tc the front cf
the sector to te screened, and alsc the atsence ¢f convection.

Approximate dimenslons of a smcke clouéd, ottained in 2-3 s
after the bursting of cne smoke round during moderate metecrologlcal
conditions, comprise 1C-L0 m perpendlcular to ihne direction of the

s

wind and 7-% m in helgnt.

horms of expenditure cf smoxe ammunition depend on metecrclcovical
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conditions and state of terrain in the target area. Determining

factors for norm of expenditure are speed and direction of wind.

Smoke shells (mortars) possess a number of advantages over

other smoke devices, namely: thelir application depends less on

meteorological conditions than che application of other ground smoke
devices; the smoke screen is cr2ated in the eremy's position, the
smoke blinds his observation posts apd firing points, which to the
greatest degree hampers cbservation and aimed fire; smoke screens
ars created suddenly and at any ranges of artillery-mortar fire.

Deficiencies of smoke shells (mortars) are low density of filler
(ratio of weight of smoke-prcducing substance to weight of shell
comproses up to 0.2) and low coefficient of combat use of smoke-
prcducing substance, in connection with which during the setting up
of smcke screens a great expenditure of smoke shells

reqt lred.

(mortavrs) is

Aerial Smoke Devices

Aerial smoke devices are subdivided into serial
and airplane smoke tanks.

smoke bombs

Aerial smoke bombs (Fig. 11) differ in their arrangement ’recm
crdinary fragmentation high-explosive bombs by the fact that thelr
body is filled with smoke-producing substance and the explosive
(explosive charge) is placed in the booster casing. As the smoke-
producing substarice in bombs they use mainly rhospnorus, with which
the bomb is filled under plant cenditions.

? 2 ! & 5

I

Fig. 11. Aerial smoke
bomb: 1 — body; 2 -
head; 3 — stabilizer;
4§ - tail section; 5 -
strap; 5 — lug; 7 —
detonator.
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Bombs can be suspended either inside th2 aircraft, 1n special

oot . _ays, or on the outside, under the wings or fuselage of the
aircraft.

When the bomb encounters a barrier the firing mechanism and
percussion cap are tripped. Action of the capsule causes detcnation
of the explosive in the explosive charge, in consequence of which
the bomb explodes. Th2 smoke-producing substance is crushed, ignites,
and is scattered to the sides from the arez of impact of the bomb,
giving off a dense white cloud of smoke.

In the case c¢f explosicn of the bomb in the ground a funnel is
formecd, the depth and diameter of which depend on the comstruction
of the _comb, its rate of fail, and density of the ground. A certain
porticn of smoke-forming substance reamins always in the funnel.

A smoke screen, cttalned as the result of explosion of a smcke
bomt, in the case of moderate meteorological conditlons preserves
camoufl ging propertifrs fcr 20-30 minutes. Immedlately after
explosion of the btomt the smoke cloud has & radius of 30-40 m and
height of 10-15 m. The smcke screen from one bomb spreads in the

direction of the wind for 1-1.5 km, increasing its width up to 50 m
and height to 8C m.

It is most suitable tv use smoke bombs in the case when the
course of the aircrart colincides with the direction of the wind.
Here the smoke wave from separate bombs overlap, increasing the

density cf the smoke and, consequently, improving the camouflaging
properties of the smoke screen.

The basic assignment of airplane smoke tanks is laying of vertical
smoke screens for the purpcse of camouflaging troops from fire and
ground observation of the enemy. Frurthermore smoke tanks, based
on experlence of the Second World War, can te used fcr direct
blinding of firing and observation polnts of the enemy.

Alrplane smcke tanks are vessels of various constructicn




and capacities filled with liquid smoke-producing substances. At
the required moment tre tanks are uncovered and smoke-producing
i be ST RGG~F:+ S from them by gravity flecw.

Figure 12 show: .- ;ircraft laylng & vertical sm>ke screen with
. the help of an airplane smoke tank.
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Fig. 12. Alrcrarft setting up a vertical
smoke screen with the help of an airplane
smoke tank.

Airplane smoke tanks cazn be used only at zlitutdes of 50-1C0 m,
At greater altitudes for discharging of smoke-producing substances
the lower part of the smoke screen dozs not reach the ground, i.e.,
an opening is forms4 between the surface of the earths and the lower

edge of the curtain.

A smoke screen, laid from an alrplane smoke tank during moderate
meteorological conditions, preserves camouflagling prcperties for
10-15 minutes. Length of the smoke screen reaches 250-300 m and 1ts
} : width on the ground reaches 15-30 m.

Durling the Second World War aerial smoke generators were used
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for blinding the fire system of the enemy and concealing the maneuvers
of advancing troops while selzing strong points and pockets of enemy
resistance, for camouflaging troops during the forcing of wacer
tarriers, aid for camouflaging the actlons of troops in the case of
development >f combat in the depths of the enemy defense. As a

rule smoke screens were laid by groups of alrcraft.

Speeds of contemporary aircraft considerably exceed the speads
¢f aircraft which used airplane smoke tanks during the Second World
War. Experience shows that application of 0ld models of smoke gencra-
tors on contemporary alrcraft has become Ilneffective. In connection
with this new models of smoke generators are geing developed.

In the United S.ates, for example, they have already developed
a smoke generator which makes it possible to layv vertical smoke
screens from jet airecraft from a height of 500 feet (160-m). The
generater 1s equipped with small vessels filled with smoke-producing
subsvance of the type of a solution of sulfuric anhydride 1in
chlorosulfonic acid. After equipping the device with such vassels
the "dead" space inside it 1s filled with smuke-producing substance.

During operation of the device two processes take place simuitaneously:

smoke-producing substance, flocoded in the "dead" space of the device,
immediately form a smcke cloud in the air, and the vessels, falling
to the earth. introduce into the atmosphere through a syster c¢f

holes a portion of smoke-producing substance, which creates a :imr4e

screen down to the ground.

In the oplnion of foreign speclalists, in contemporary combat
aerial smoke devices will find application for the purpose of
blindirz the obtservation posts and weapons of the enemy. Smoke
screens, created by these devices, can be used at a conslderable
depth and they have the great extent (up to 8-1C km), therefore they
can fulflll more complex missions, for example, supporting the
combat acticns of airborne landings.

B R e LN




Smoke Machlnes and Generators

During the years of the First World War special smoke generators
were used which were designed for sgpraying cf seif-smoking smoke-
producing substances of the chlorosulfonic acid type. These were
the sc-called portable smoke generators (Fig. 13). Later conveyed
smoke generators appeared (Fig. 14). These were used mainly for
laying {ixed smoke screens, in particular for covering crossings

and rear objectives. They had a volume fiom 40 tc 60 liters and
lasted from i0 to 40 minutes.

Fig. 13. Fortable smoke
gererator; 1 -~ tanks fiiled
with smcke-producing sub-
stance; 2 — rubber hoses;

3 ~ metallic tube; 4 -
sprayers.

Fig. 14. Conveyed
smoke generator.
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In the period between the first and second world wars smoke
gelt... tors were imprcved considerably and various smcke machines
enter' ° the armament of armies. Such generatcrs and machines
constituted reservoirs, the volume of which varied from 100 to
10060 1liters. The reservolr was equipped with outlet pipes with
sprayers, through which the smoke-producing substance was ejected
into the atmosphere with the help of compressed alr.

A schematlc dicgram cf the arrangement of a smoke machine 1s
shown in Fig. 15.

Fig. 15. Schematlc dlagram of smoke machine: 1 -
reservolr; 2 — tanks with compressed air; 3 —
reduction gear; 4 — air valve; 5 — valve of
sprayer; 6 — pipeline; 7 — sprayer; 8 — drain cock;
9 — gear; 10 — handle of drive; 11 - shaft of
drive.

Operational experience wilth smoke machlines showed that 1t is
necessary to develop a machine on a caterplllar drive and with armor,
Just as for a tank, so that their passabllity, maneuverability, and
hardiness would make 1t possible to move them on the fleld of battle
together with tanks. So various smoke tanks and tank smoke
generators appeared, and later — speclal smoke trailers.
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During the years of the Second World War smoke generators on
the basis of barrels equipped with a set of speclal equipment were
videly used (Fig. 16). The equipment made it possible to release

smoke both simultaneously from the whole set of barrels, and also
in series from each barrel.

3
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Fig. 16. Smoke outfit made from barrels: 1 -
tank with compressed air; 2 — reduction gear; 3 -
hose; 4 — air collector; 5 — hose; 6 — siphon; 7 -
l1iquid collector with sprayer; 8 — tarvel.

The principle of actlon of such smoke generators lles in the
fact that compressed alr, supplied to the barrel, presses on the
surface of the smoke mixture and forces 1t to rise along the pipe
of the siphon. Upon opening of the spligot the smoke mixture proceeds
through a collector to the sprayers, from which 1t is ejJected into
the atmosphere in the form of small drops.

As smoke-producing substances in the case of releasing smokes
from generators on the basis of barrels solutions of sulfuric

anhydride in chlorosulfonic acid were used.
\
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Recently in the United States Army wide dissemination has been
gained by the so-called thermal smoke machines (Fig. 17). These
machines work on the principle of evaporation and condensation of
high-boiling 01l products (oll, coke distillate, diesel fuel).

They can be used from the ground, a traller, or a truck. In Fig. 18
one of such machines 1s shown in action.

- 5
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Flg. 17. Schematic dilagram of thermal smoke
machine (equipment): 1 -~ vessel for smoke-
producing substance; 2 ~ vessel for fuel; 3 -
pump for smoke-producing substance; 4 — pump for
fuel; 5 — blower; 6 — combustion chamber; 7 -~ fuel
spray nozzle; 8 — injector for oll-forming sub-
stance; 9 — evaporator.

Fig. 18. American
thermal smoke equipment

']nﬁ"' in action.
1

The principle of actlion of the thermal smoke machine amounts
to the followling. By operatiocn c¢f a hand pump gasoline 18 sucked
up from a floating chamber and enters the head of the engine trrough
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an apportioning nozgzle. Sirultaneously with this a stream of air
from the air tube passes under the spraying holes. The gasoline is
mixed with the air. The gasoline-alr mixture which is formed enters
the combustion chamber, f111s8 it, and is igrnited with the help of a
spark plug. As a result of combustion of the mixture in the chamber

%’ a gregt quantity of heat 1is given off and pressure is increased.
Some of the gaseous products of combustion {rom chamber, by way of
w the valve and hose, er.ters the vessel with the smoke-producing

substance, as a result of which in it during operation of the engine
the pressure necessary for supply of this substance to the evaporator
is maintaired constantly. The remaining share of hot gaseous
products of combusticn enters the tube of the engine and the
eviporator. The mixture of vapors of o0ll products and products of
combustion of the gasoline-alr mixture from evaporator proceeds

under the housing and 1s ejected under pressure into the atmosphere,
When the vapors of oll products enter the atmosphere they are cooled
rapidly and condense with the formation of white smoke, consisting

of minute droplets of the oil product.
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CHAPTER V
APPLICATION OF CAMOUFLAGING SMOKES

The Second World War showed that the successful carrying out
of any operation 1s inconceivable without the realization of measures
for ca.ouflaging of troops and rear objectives. Among these measures
a large role belonged to the application of smoke agents,

Wide and skillful application of smokes under combat conditions
promoted the successful fulfillment of combat missicns and reduced
losses frcm enemy filre. Smokes hampered ernemy observztion and the
carrying out ot aimed fire and bombing. Smoke devices entered solidly
in the combat practice of troops and in the system of antiaircraft
defense.

Classification and Characteristics of Smoke Screens.
Application of Smokes for Camouflaging
the Combat Actions of Troops

A smoke screen is the artificlally formed cloud of smoke or
fog, which prevents the enemy from conducting observatiocn, aimed
fire, or bombing and conceals the actions of our forces.

All smoke screens are subdivided and are characterized depending
on their assignment, location, and method of setting up.

Based on assignment smoke sceens can be blinding and
camouflazing.
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A blinding smoke screen 1s created directly on the enemy position,

when the smoke, by covering observation posts and firing points,
hinders enemy cbservation of the field of battle, and also the conduct
of aimed fire. 1In the case of a blinding smoke screen our troops
operate cvtside the smoke.

As a rule, blinding smoke screens are created by artillery ani
aerial smoke devices.

Camouflaging sm«'te screens are created for the purpose of
camouflaging the actions of cur troops. They are set up in our own
positions or between our troons and the enemy. For creation of
camouflaging smoke screens smoke machines ard generators, smoke pots,
and hand smolte grenades are used.

Number, location, and sequence of operation of smoke machines
for the creation of camouflaging smoke screens are established in

each separate case depending on the mission on hand, nature of terrain,

and meteorological conditions.

Based on 1ts position relative to the combat formation of the
troops smoke screens are subdivided into frontal, flanking, rear,
and false directions.

Frontal smoke screens are those which are created in front of
our troops and cover the latter from the front. These curtains can
be placed in the enemy position, between the enemy and our forces,
and directly in front of our troops. As a rule, such smoke screens
are placed ¢n a line which 1s greater than the front of combat actions
of the covered troops.

Flanking smoke screens are considered those which are created
on flanks of a combat formation for the purpose of covering our
troops from observation and flanking flre of the enemy. They are
set up both in the enemy position and also between the enemy and
our troops.
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A flankirng smoke screen, created in the enemy position and
dissecting his combat formation, is cailed a box smoke barrage.

Rear are those smoke tscreens which are set up in the rear of the
combat formation of our troops for the purpose of camouflaging “ear
units and the movements of troops.

Smoxke screens in Talse directions are those which are placed
outside the combat rormation of our troops for the purpose of leading
tne enemy into error relative to the direction of the main strike,
the site of a river crossing, or other concealed object.

Based on the method of fulfillment smoke screens are subdivided
into fixed and moblle.

A fi*xed smoke screen is one created on a line which remains
fixed during the entire time of release of smoke.

Accepted as mobiie is a smcke screen, the boundary of which
shifts as a result of movement of the smoke devices (machines) or
shifting of fire by artillery smoke devices.

For covering the combat actions of troops the smoke agents are
usually disposed linearly. 4 line on the terrain, where smcke devices
are disposed and put Into operatlion, is called the smoke release
line.

Based on the experience of past wars, smokes for camouflaging
the actions of troops can bz used under any conditions of the combat
situation.

In offensive combat, based on experience of the Second World
War, the basic missions for the application of smckes are:

- camouflaging the mcvement of troops to the initicl position
for en offensive and deployment of the combat formation at a distance
from the enemy which ensures the most advantagecus conditions for
entry into btattle;
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— camouflaging the making of passages in barriers, esvecially
before the enemy's main line of resistance;

- camouflaging the bulldup in the initial position for an attack
by subunits of infantry which are cperating on open terrain, and also
the movement of launching the attack;

— camouflaging a wide envelopment, infiltraticn through inter-

vals in the enemy's defense position for a strike on the flank and
in the rear;

~ securing the forcing of water barriers and camouflaging the
crossings;

— blinding the enemy system of observation and separate firing
points, especially those conducting fire from the flanks.

Smoke acquires specific value in the case of attacking a forti-
fied defense zone, flanking positions of enemy which are sticking
out rorward of bent inwards, fortified heights and wocds, stone
structures, and reinforced concrete pillboxes.

In defensive combat smoke can be useful:

- for blinding of one group of enemy, which has broken inside
the defense, so that all his forces and fire are concentrated on
another group, which 1s counterattacked;

— for blinding enemy tanks which have broken into the depths

of defense so that thes can be approached secretly and destroyed
by grenades and other weapons;

— for blinding enemy observatlon posts 1in crder to deprive
him of the possibllity of fire ad)ustment.

In the depth of a defensive zone smokes are used at a dlstance
of no less than 500 m from the main line of resistance in order not
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to ‘nder the actions of our urits which are holding the line. In
ali cases of application of smokes in the defense they are used
with the permission of the senior commander and in coordination
vith artillery and neighboring units.

Furthermecre smokes can find application for camouflaging the
actions of reconnaissance units, for camouflaging trocps when they
are pulling out of battle, and in a number of other cases.

The appearance of weapons of mass destruction, development of
means of radar reconnaissance, devices for night vision, and means
of artificial iljivriration have introduced peculiaritizs 1n problems
and methods of smoke camouflagsing cf troops. These peculiarities,
acco" .ing to views of the American specialists, amount to the
fellowing:

— smokes have beccme impertant as means of camouflaging troops
and objectives not only during the day, but also under night
conditiors;

— smoke camouflage of troops should be combined with antiradar
camouflage;

—~ smokes can be means of prctection from certain types or
harmful factors of weapons of mass destruction.

Questions connected with these peculiarities of smoke camouflage

of troops are examined below, in special divisions of this chapter.

Smoke Camouflage of Rear Objectlves

During the Second World War a considerable role was played by
smoke camouflage of various rear and industrial objectives (crossings,
railroad stations, industrial enterprises, etc.). Smoke camouflage
served as a means for strengthening the antlalrcraft dcferse of
such objects and was used regardless of the number of actlive means
avallable In the defense system of the cbjective.
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The basic purpose for screening rear objectives 1s to exclude
or hamper the possibility of pinpoint bombing by enemy aircraft,
if the latter penetrate to the objective through the barrage fire of
antiaircraft artillery. During the Great Patriotic War there were
many cases when enemy aviation, in carrying out raids on objectives
covered by smoke could nct conduct bombing. For example, out of
fourteen rsids by German alrcraft on Kiev in nine cases they did
not find targets in the smoke and flew away without dropping bombs.

Let us consider the pecullarities of smoke camouflage of rear
objectives.
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Smoke screens as a rule ere easlly seen from great distances
and heights, which can permit the eneny to comparatively easily
detect the region of location c¢f the object being camouflaged.
Therefore in the organization of smoke camoufiage of rear objects
the area of screening should exceed the true dimensions of the
objective by several times. In the paist war for reliable covering
of an objective 1t was considered necessary to smoke an area,
exceeding the dimenslons of the objective by no less than 5 times.

The smoke should mask not only the obJective itself, but also
the nearest terraln features which can serve as reference polnts
for the enemy for determining the site of location of the obJective.
The camouflzged cbject should not be located in the center of the
smoked area.

Determining the moment for the smoke screen will depend on
the situation. It 1s expedient tc put out smoke screens every time
enemy aircraft are detected on a course which lies on an objective
in question. The smoke screen can be started on the signal of an
’ atomic alarm.

Because of contemporary means of/guldipg aircraft onto a
target great meaning has been acqul Zamouflaging of objectives
not only in the case of ralds by bomber aircraft or aircraft which




are carriers of nuclear bombs, but also in the case of overflights
of enemy reconnaissance aircraft. In the abse¢nce of camouflage

A reconnaissance plane can establish where the true targets are
and guide the bombers onto them.

Screeninrg of rear objectives should be used not ¢aiy in the
light time of day, but also at night, since the enemy, using
illuminating equipment and infrared devices, can see objects
without sufficient natural 1llumination.

In the case of screening rear objectives there is a great deal
of value in the calculation of helght, since depending on this it 1is
necessary to move away or to close in the smoke release line to
the objectives. It 1s known that with removal from fhe source of
smoke release the Leight of the smoke wave 1is increased. Conse-
quently, the higher the objective the further from it it 1s necessary
to dispose the smoke release line.

During screening of an obJective it is necessary to aspire to
creation of a smoke screen without openings, which could facllitate
exposure of the exact position of the objJective to the alr enemy.
Here one should rot try to obtain too thick a smoke, thus requiring
a great expenditure of smoke agents. In the case of camouilaging
rear objectives from the alr enemy it is sufficlient tc obt=sin a
solid smoxkxe mist.

Camouflaging of rear objectives with smokes 1s carried out
as a ruie with the help of smoke machines, a set of barrels with
smoke eguipment, and large smoke pots.

During screening of objectl 'es the smoke devices are most
rationally disposed in arrangements which have the names "area,"
"¢ircular,”" and "combined."

Order of distributlon of smoke devices by "area” amounts to
the fact that the devices utilized are disposed comparatively
uniformly over sectors into which the entire area subject to
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Screening was split beforehand. The arrangement by “arca” is used

! usually in the case of screening a sector with dimensions no less
: than 10-20 km®.

The "circular" arrangement of distribution of smoke devices
, resaults in che fact that they are disposed around the camouflaged
vbject in one, two, or three rings, forming smoke release lines 1in
the form of concentric clircumferences, ensuring complete coverage !
of the objective by smoke regardless of wind direction.

The "combined" arrangement of distribution of smoke devices 1
} amounts to the fact that each camoulflaged object Individually 1is
covered by a "circular" arrangement, and the terrsin in the area
of distribution of the obJectives — by the "area" arrangement.

Of all the exainined arrangements for distribution of smoke
devices the most economical 1s the "area" arrangement.

Norms of expenditure of smoke agent: in the case of screening

of rear objectives depend on the size of the smoked area and time
of screening.

Application of Smokes for Blinding Night Vision
Devices and Camouflage in the Case of 1
Artificizl Tllumination

In recent years 1In various fields of military technology all ]
the more application has been found by infrared rays — invisible
rays, cccupying in the spectrum of electromagnetic fluctuztions
a sector between visible rays of maximum wavelength (0.7¢ microns,
red) and the shortest radio waves (300 microns). j

A study of infrared rays showed that their properties are 1
basically no different from the properties of visible light.
However, there are differences. One ¢! them 1s the fact that :
infrared rays pass readlly through certzin materials which are
impenetrable for light (for example, through dark tissue, thin
plywood, sheet ebonite). Infrared rays also pass more readily
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tha visible light through the atmosphere in rain, snowrall, and
13 fug.

The source of infrared rays c¢~n be any body. The source of
tnfraved radiations are vibrations of electrons and ions in bodies.
Intensity of radiations depends to a considerable degree on the
temperature of the bodiez: with an increase ci temperature radiation
is amplified.

Objects having temperatures of tens and hundreds of degrees
are pcwerful sources of Infrared (thermal) radiations. Recelving
the radiation of these ohlects with the help of the corresponding
device, it 1is possible to detect them. Devices, percelving infra-
red radiations of heated o-jects, are called thermal direction
findcrs. These were used widely in foreign fleets durlng the Second
World War, in particular for the navigation of ships in a fog.

For observation of objects which do not posses: Infrared
radiation sufficient for percepticn by an instrument of the thermal
direction finder type, the capacity of objects to reflect infrared
rays is used. Instruments working on thils principle are called
night vision devices.

In Fig. 19 the principle or action of night vision devices
is shown. Infrared rays, radiated by a searchlight, are direct=d
on the object; rays reflected from the object are perceived by
an image ccnverter, as a resulc of Wwhich the image of the objJect
found in front of 1t appears visible to the obsevrver.

For miiitary purpcses the followlng night vision devices are
used: 1infrared devlices for slgnal nurposes, infrared devices for
firing and reconnaissance, and also infrared devices for driving.

However, infrared devlices possess a number of deflciencles.

The main one of them s dependence of range on atmospheric
conditions.

84




£y

By o w =

- JIBI 12

Fig. 19. Principle of operation of a night
vision device.

It is ¥known that radliant energy is scattered in the atmosphere
by molecules of different atmospheric gases, and also by particles
of dust. According to theoretical research the scattering of
radiant energy by particles, the dimensions of which are small
compared to its wavelength, is inversely proportional to the fourth

degree of wavelength. With a decrease of wavelength scattering
i1s increased.

Infrared rays, possessing comparatively great wavelength
(microns-tens of microns), are scattered in ordinary atmosphere
and, consequently, are weakened insignificantly. Thus, for example,
at a distence of 10 km the weakening of rays with a wavelength of
3 micron comprises no more than 0.013%. In the case ¢f a haze,
under conditions of which visibllity does not exceed 1 km, the
use of infrared rays gives a galn in range of approximately 2-4
times as compared to visible raye.

Quite differently 18 the matter with prrpagation of infrared
rays in a fog. In this case the size of the particles suspended
in the air becomes commensurable with the wavelengths of passing
infrared rays or considerably exceeds them. As a result considerable
scattering of infrared rays and weakening of visibility are
observed.
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Investigations of the passage of infrared rays in a fog made
it possible to derive a formula for determination of brightness of
rays, passing through a layer with thickness =, and scattering
coefficient of rays depending on the radius of drops in the fog.
Thus, 1f tha initial interisity of the ray is equal to Io, then
after passage of the ray through the fog 1t decreases to a value

Juajg ™,

where ¢ — base of natural logarithms; ¥ — number of drops in 1 cm
of fog; p — radius of drops; = -~ function, depernding on radius of
drops and on wavelength.

3

If the index of refraction of the medium n = 1, then value k'
is proportional to scattering coefficient:

e 2upth,

from where
A=b =

Consequently, in the case of passage of infrared rays through
an atmosphere with lowered transparency the declding factor 1= the
size of drops of the fog (large drors scatter infrared rays more
strongly).

The presence in the fog of small p:rticles along with the large
particles determines its hetter transparency for infrared rays as
compared to visible.

From what was sald i\ becomes clear, why in foreign armies
all the greater attention 1is allotted to questions of the use of
smokes as means of camouflaging troops under night conditions,
Sinokes are capable of scattering infrared rays and thereby hamper
the use of night visicn devices.
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In the opinicen of foreign specialists, smokes can be used

widely for the purpose of camouflaging troops and objectives under
conditions of artificial illumination at night.

Methods and equipment for the application of‘smokes for the
purpuse of blinding night vision devices and camouflaging troops
under conditions of artificial 1llumination do not differ from

methods and equipment for the application of smokes in the case of
camouflaging under conditions of daylight.

Application of Smokes as Interferences in the
"Operatlion of Radar Instailations

In the armies of a number of countries a great deal of attention
is allotted to searching for measures for combatting radar devices.
During the Second World War one of such measures was use of

metalllzed paper strips, which served as interference 1in the case

of detectlon of aerial targets by radar. Metalllzed strips were

dropped in large quantities from alrcraft, were held fcr a certaln

time in the air, ard created false targets on radar screens whlch
were difficult to distinguish from the real.

In the opinion of Axerican specialilsts, analogous to the
metallized paper strips for interference of radar installatlons, it
is possible tc develop smokes which consist of metallized particles.
The smoke generators of such smokes can be foaming high-molecular

substances of type of epoxy, phenol, polyethylene, silicone, and
urethane resins.

For production of smoke from these resins the Americans used
the principle of spraying of resin in a current of hot gases,
polymerization of their vapors in the cold ailr, and formation of
foam plastic in the air in a suspended form.

Particles of smokes of foam plastics have a spherical form

with a cellular structure. Diameter of particles fluctuates .rom

1 to 100 microns depending on the composition of the foaming
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com>nents. This ensures a low density of smoke, thanks to which
1t: rate of settling is insignificant.

Application of smokes on the basls of foam plastics as the
means for combatting radar 1s based on the fact that the signal
which 1s visible on the radar screen bears a false nature and comes
not from the real target, but from particles of the smoke screen.
Furthermore, for radars working on a wavelength less than 1 c¢cm
absorption of radar waves by the smoke screen takes place.

Ordinary smokes are not an interference to radar observation.
However, their application 1in combination with antiradar camouflage
can give a good result. Thus, false reglons of troop concentrations,
simulated with the help of varlous reflectors, in the opinion of
fore .,n speclalists are expedientl} covered by smokes. It 1s
necessary to combine this camouflage with camouflage of the actual
areas of trcop concentratlons. This will achleve the baslic goal -
to lead the enemy into error relative to true intentions.

Use of Smoke Agents for Protecting the Troops
from the Influence of Light Radlation
of a Nuclear Explosion

It 1s known that in the case of an explosion of an atomic or
hydrogen bomb the effective casualty radius by light radlation is
considerably greater than the effective casualty radius due to
shock wave and penetrating radlation. With an increase of power
of nuclesar ammunition the effectlive casualty radius by 1light
radiaticn 1s increased considerably more rapldly than other

damar,ing factors. Therefore protection from light radiation acquires
all the greater importance.

The question arises, 1s 1t pcssible to decrease the damaging
actlon of light radiation, and also to reduce the area over which
burns can be caused 1n man and objJects set afire?

The baslc characterlstic, determining the damaging action of

light radiatlion of nuclear explosion, 1s the amount of light energy,
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fa’ling on one square centimeter of illuminated surface, perpen-
dicular to the direction of propagation of radiation during the

entire time of glow of the fireball. This quantity of light energy
is called light pulse.

The value of light pulse depends on quantity of light energy,
radiated by the fireball during the entire time of its glow, on
the distance between the 1lluminated surface and the center of the
nuclear explosion, and cn atmospheric conditions at the time of
the explosion.

Light radiation from the luminescent region spreads rectilinearly.
If around the luminescent region of an air nuclear explosion a
sphere of radius R is described (Fig. 20), then the energy, radiated
by the luminescent region during the entire time of its glow Euan.’
if weakening of energy in atmosphere is absent, will completely
pass through the surface of the sphere

S == xR0 [cahy.

Hence per 1 cm2 of this surface there will be the energy

Fusx[ond
Ho =R [cl :

Fig. ¢0. Propagation
of energy, radiated by the
fireball in the atmosphere.

This energy content 1s also called light pulse.
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In an atmosphere saturated with dust, in fog, snowfall, or
rain the radius of damaging action of flight radiation decreases.
The fact 1s that dust particles, water droplets, and snow prevent
the propagation of radiation by scattering and absorbing it. For
the purpose of calculating the attenuation of light —adlation during
passage through the atmosphere the correction factor e~*®-" ig
introduced into the formula for calculation of light pulse.

Here ¢ — base of natural logarithms; k — average attenuation factor
of radiation for the whole range of wavelengths; B — distance from

center of luminescent region to place where radiation is measured,

km; r — average radius of luminescent region, km.

With this factor the formula for calculation of light pulse
will have the follcwing form:

For a comparatively narrow pencil of rays (when rays which
left the pencil at the expense of scattering do not return back
to it) the attenuaticn factor for various atmospheric conditions
can be found approximately from the expression

where D — meteorological visual runge,' measured in a horizontal
direction, km.

For pure alr the meteorological visual range comprises around
40 km; average attenuation factor will be equal to 0.1 %ﬁ* In the

rase of moderate cleanness of alr (visual range around 20 km) the

attenuation factor is equal to 0.2 fL.

m

'Meteorological visual range 1s understood as the maximum
distance, which 1in the daytime against the hackgrouna or the sky

at the horizon it is possible to distinguish the cutline of large
dark otjects,
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Smoke screens, just as natural fogs, will wezken the light
radiation of a nuclear explosion. In known limits the attenuation
factor will be directly proportional to concentration by weight of {
1 smoke, measured in mg/l or in g/m3. Absolute value of attenuation N
factor for a narrow parallel pencil of light in camouflaging smokes
comprises approximately 0.4-0.004 % or 400-40 ﬁ%. From these figures
it 1s clear that the attenuation factor for smoke screens 1ls suffi-
clently great and corresponds to attenuatlon 1n dense natural fogs
for a narrow pencil of rays. ' '

——

In connection with this in the United States experiments were
conducted on the cieatlon of smoke screens, capable of decreasing

# the damaging action of 1light radliation c¢f a nuclear explosion oﬁ

personnel, military equipment, and inhabited localities. Thus,

in 1954-1955 during the "Knothole" and "Teapot" nuclear explosions

smoke screens (oil mists) were laid out with the help of smoke

| machlines, adapted for remote control. Smoke was released for 10 min

prior to the explosion. The smoke screen weakened the influence

of light radiation of the nuclear explosion by 65~90% depending on

the distance to the epicenter of the explosion. 1In the oplnlon of

American speclalists, such attenuation promotes a lowering of light

pulse to 3 cal/cm2 in the zone where the maximum value of excess

pressure of the shock wave reaches a considerable value — 0.63 kg/cmz.

Light pulse, equal to 3 cal/cmz, is the threshcld of ignitior of

combustible materlals and moderate severity of burns on exposed

parts of the body. Density of the smoke screen here corresponded
to the density obtained with an expenditure of oil of U40-620
liters per square kilometer of area. Approximately the same densities

of smoke screens are uscd for purpores of camouflage.

Work was also conducted on a study of the influence of different
forms of smokes on lowering the inflvence of light radiation. The
tests showed that other smokes not only are not inferior, but in
a number of cases exceed oll mists. Thuvs, Iindustrial smoke which
reduces atmospheric visibility, can successfully weaken the damaging
influence of light radiaticn of nuclear ¢xplosions.
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In the opinion of Americ.n speclaliste, in the orranization
of rotection from 1light radiation with help of smokes it is
neccssary to originate from the necessity of protecti g the so-
called peripheral regions, and not the region of the eplc:nter of
the explosion, which 1s subjected, furthermore, to the strong
influence of penetrating radiation and shock wave. Laylag out of

smoke should be carried out with smoke machines, controlled at
distance by wires or by radloc.

Protection from the light radlation of nuclear explosion with
the help of smokes will demand the scrrening of considerable terri-
torles. Furthermore, as tests show, for sufficiently effective
attenuation of light radiatlion the concentration of smoke should be
increased by 1.5-2 times in comparison with the concentration which
prcv® 1es camouflage from visual observatlon. All of this requires
the expenditure of a nuge quantity of smoke agerts and time.

Consequently, to solve the problem cof covering oblects from
nuclear blows only by means or screening them 1s very difficult;

smoke screens have to be used in complex with other measures of
protection.

Use of Smoker. for Protection of Troops
from Bacterliological Weapons

In the postwar period in the imperileclistic countries, along
with improvement of nuclear and chemlcal weapons such means of mass
destiruction as bacteriological weapons have been developed. It
Is true, the rapld cdevelopment of means of nucliear destruction moved
to second place the problems connected with bacterlologlical warfare.
However, it does not fnllow from thls that bacteriological weapons
and protection from them ceased tc be urgent. Sclentists have
ascertalned wilth great alarm that during the last 10-15 years the

potential power of bacteriologlcal weapons has increased immeasurably.

It is also significant that the peaceful i{ndustry dealing with

development of means for combatting pests of plants (insecticldes),

whleh 1s widely developed In many countries, perhars can be switched
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without great difficulties to the manufacture of deadly microbes
and toxins. ’

In measures for protection from bacteriological weapons a
definite place, in the opinion of forelgn specialists, can probably
be assigned to smokes. It 1s known, for example, that one of the
methods of application of bacteriological weapons is the propagation
of insects whicn are infected with pathogenic microbes. So-called

insecticide smokes can be used successfully for the destruction
of insects.

Certain experience in the use of such smokes already exist.
During the Second World War in the jungles of Burma ané on the
islands of the Pacific Ocean contalners were used which were fllled
with a mixture of freon and DDT for protecting the troops from
harmful insects. During the war in Korea infected iasects were

destroyed very effectively by means of spraying exterminating agents,
primarily emulsions of DDT.

During the last few years a great deal of attentlon has been
given to a new method of application of chemical poisons — conversion
of a liquid chemical polson or a solution of 1t in some liquid into
an aerosol state. Such a method is very effective and finds wide
application for combatting insects, ticks, fungus diseases, etc.

Development of aerosol methods for the treatment of objects
led to the development of a number of aesigns of aercsol generators.
Let us point out two of the moust wlaespread types of generators:
generators, forming an insecticide fog with the help of superheated
steam (Bes-Kil generator), and generators, for which for formation
of fog heated air i1s used (Tayfa generator). The first one expends
141 1iters of insecticide per hour, the second - from 75 to 242

liters per hour. In both generators the size of aercosol particles
is regulated.

As insecticides in fog generators they use DDT, hexachloran,

chlorindan, and toxaphene; as solvents — kerosene, diesel fuel,
and cil.
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The design of fog generators provides for a minimum duration
of heating of the insecticide, however, even under these conditicuns
decomposition of a certalrn share of it can take place.

For combatting harmful insects, ticks, etc., insecticide smoke
pcts are also used. Principle of action of these charges amnounte
to the application of exothermal chemical reactions, curing which a
sufficient quantity ot heat 1s liberated for the evaporation of
organic insecticides and creation of & smoke stream. DDT, chlorindar,
methoxychlor, and hexachlorobenzene are used as insecticides in
the charges.

The arrangement of a low-temperature insecticide smoke pot
is shown in Fig. 21. A powdery mixture of insecticide and thermal
reagents 1s placed in the charge. After ignition of the charge
with the help of an actuating device, which -operates on the principle
of friction match, a chemical reaction occurs during which the
insecticide at first is softened and then 1ls ejected together with
the liberated steam. In atmosphere condensation c¢f steam and
insecticide cccurs; the drops which form contaln a mixture of water
and insectlicide and have a dlameter of around 5 microns. Then the
drops are enlarged and reach a diameter of 10-50 microns,

Flg. 21. Diagram of insecticide
smcke pot: 1 — upper protective
cover; 2 — frictlon actuating
band; 3 — actuating mechanlsm;
R 4 — mixture of insecticide and
RIROR A chemical reagents; 5 — thermal

R o insulation disks made from
R corrugated cardboard; 6 — lower
W A protectlve cover; 7 — cylindrical
cardboard bex; 8 — hole for exit
- of dry aerosol.

B

e

After settling of the particles of aerosol on the surface
objects the growth of crystals of insecticide occurs. For DDT
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the crystals reach a length of 200 microns.

i o

Insectlcide smoke pots are intended for treatment of closed
locations,

e
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CONCLUSION

Experience of two world and a number of small wars shows that
the v=lue of smokes as a means for camouflaging the combat actions
of troops 1s still increasing. At the same time in recent years
it has been éstahlished that smokes can be used as the means of
protectlion from certain types of harmful factors of weapons of mass
destruction, and also as interferences in the operation of radar
installations and night vislon devices.

The armament of a number of foreign armies, as this 1s shown
in the book, includes various smoke agents which have passed com-
prehensive tests and smoke-producing substances. These devices and
substances are continuously being improved and developed, and the
possibllity of appearance of new forms 1s not excluded.

Improvement and development of smoke devices 1s proceeding
along the line of reducling the weight of smoke generators and
machines, increasing thelr economy, obtaining smoke with an assigned
degree of dispersion, and also along the line of developlng special
automatic equipment, requiring a minimum number of personnel for

rervice.,

The search for new smoke-producing substances Includes the
problem that the smoke has a lower settling rate and is less harmful
fer man and equipment. It 1is consldered that for these goals 1t
is possible to use smoke generators on the basils of foam plastics,
wh'ch make 1t possible tc obtain smoke of low density.
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ABSTRACT

(U) The suthor deals with the history and development of smoke
agents and smoke generating devices, The book 1s based exten-
sively on agents and equipment of World War II vintage, Refer-
ence is made to aerial spraying and laying of smoke screens

from ship3, but the emphasis 18 on the use of smoke by the
ground forces, Chapter I gives a brief hictory of the use of
smoke since the¢ First World war, Chapters II and III go into
the prope-~ties of aercsols &s used in smoke screens and fogs

and the chemical nature of various smoke-producing sutstances,
‘Chapter IV deals with smoke generatirg equipment: hand grenades,
smok: pots, artillery and motor shells, aerial bombs, and smoke
rachines and genarators, Chapter V covers the tactical appli-
cation of smoke with special sections cn the use of smcke in
connection with night vision devices, interference of radar
stations, protection fram light radiation of a nuclear explosion,
and protecticn fraom bacteriological weapons,
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