
2,686,160 R. M. KELL. ET AL 
AEROSOL GENERATOR 
Filed Nov. 6, 1944 

Aug. 10, 1954 

ayo-keveysºvare» 

rvuonto's 
aaZ /7. A1224 

4ZAsafar/ MS 72,721-7-7s 
12 as 

  



Patented Aug. 10, 1954 

UNITED STATES PATENT 

2,686,160 

OFFICE 
2,686,160 

AEROSL. GENERATOR, 

Robert A. Exe, Evansville, Ind., and Albert R. 
Thomas, deceased, late of Evansville, Ind., by 
The National City Bank, administrator, Evans 
ville, End, assignors to the United States of 
America as represented by the Secretary of War 

Application November 6, 1944, Serial No. 562,242 
(C. 25.2-359) 4. Cains. 

The invention described herein may be manu 
factured and used by or for the Government, for 
governmental purposes, without the payment to 
uS Of any royalty thereon. 
This invention relates particularly to a method 

and apparatuS for producing a white Smoke-like 
aeroSol of an oil. 
The production of aerosol fog or Smoke in 

large quantities, known militarily as a screen 
ing or blanketing Smoke, has the purpose of pre 
Venting ained bombing by enemy aircraft and 
Of hiding ground targets from aerial observation. 
A number of different methods and apparatus 

for forming oil Smokes and fogs have been tried. 
They include mainly: (1) incomplete combus 
tion of a Sinoke producing oil; (2) vaporizing 
a fog oil in a boiler by indirect heat exchange; 
(3) Spraying a fog-producing oil against a heated 
Surface for evaporation; and (4) vaporizing of 
a fog-producing oil with steam. The first method 
WaS One of the earliest and had the disadvantage 
of giving a grey or black smoke of low obscuring 
power With high oil consumption. Of all the 
prior methods, the one involving vaporization 
With Steam in an apparatus known as a me 
chanical Smoke generator was the most suc 
CeSSful. In the mechanical Smoke generator, 
Water is pumped through a steam generating 
Coil, a stream of relatively cooler oil is dispersed 
by an injector into the steam leaving the coil, 
and the oil-steam mixture is further heated in 
a Coil fron Which a resulting vapor mixture is 
emitted through orifices into the air. Although 
the mechanical generator efficiently makes a good 
Smoke, it is somewhat cumbersome with a large 
amount of nachinery requiring attention and 
eXperience in Operation, is slow in starting, and 
requires the carrying of large amounts of equip 
ment and material, including a pump capable of 
delivering liquid at pressures up to 140 lbs. gage 
and pure Soft Water. 
An object of this invention is to provide a 

method and apparatus for generating an oil fog 
or Smoke aerosol using hot combustion or fue 
gaS to vaporize a Spray of fog-forming oil with 
Such improvements in design as to make the ap 
paratus light in weight, simple in manufacture 
and Operation, quick in starting and efficient, 
also, to give other advantages as the need arises. 
A characterizing feature of a type of Smoke 

generator designed to accomplish the objects of 
this invention resides in atomization of a fog 
producing oil by gas under pressure, as in an 
airbrush Similar to that used in paint Spraying, 
into the bottom of a vertical vaporization and 
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exhaust duct that is externally heated so that 
the atomized oil is rapidly vaporized in a steam 
of hot flue gas passing through the duct. Com 
pressed gas used for the atomization is easily 
Supplied by a Small air compressor unit or com 
preSSed gas tank and provides the following 
additional valuable effects: (1) induced draft on 
the oil burner producing the flue gas to hasten 
Starting; (2) a required Suitable high velocity 
in the exhaust duct to prevent ignition of the 
fog Oil Spray or its vapors and carbonization: 
(3) Sufficient pressure in the exhaust duct to 
give a high vapor emission velocity from the 
exhaust duct SO as to obtain optimum fog par 
ticle size; and (4) improved vaporization tem 
perature control to reduce Cracking and decor 
position of the fog oil. Besides giving these 
desired effects, the use of a compressed gas may 
be made advantageously with nodification of 
the apparatus for feeding the fog-producing oil, 
fuel, or any other liquid in the system with the 
elimination of pumps and other moving me 
chanical parts. 
A Snoke generator designed according to the 

principles of the present invention is practically 
independent of climatic conditions and may dis 
pense with the use of water, which adds to the 
transportation problem and gives great difficulty 
of freezing in cold climates. 

For showing how the objects and advantages 
mentioned, also, others Which Will become ap 
parent, are attained, the invention Will he de 
Scribed in detail with reference to the accorn 
panying drawing, in which is illustrated dia 
grammatically a flow plan view of one practical 
embodiment of the aerosol or Smoke generator 
unit. 
The aerosol unit illustrated comprises 3 Sub 

assemblies: (1) an aerosol generator connected 
to a fuel oil tank, (2) a fog oil tank, and (3) a 
gasoline driven air compressor and fog oil pinp. 

Briefly, the aeroso generator conprises, ii. 
general, an outer shell or body 5 having a hot 
ton closure 6, an inner Shell or exhaust duct 
Suspended within and Spaced from Said outer 
shell 5, a top closure 8 for the outer shell Sur 
rounding said inner shell i, a fuel oil burner 9 
disposed near the top of the Outer shell 5 for 
producing hot combustion gases paSSed in a 
Stream between the inner shell and the Outer 
shell 5 thence exhausted through the inner shell 
, and atomizing means extending through 
the botton closure 6 of the outer shell 5 for 
centrally Spraying a fog-producing oil into the 
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combustion gases as they enter the botton Open 
jing of the inner shell it. 
The outlet of the inner shell or exhaust 

tuba i is Oile or more Shall vent holes or enlis 
sion slots for discharging fog oil vapors mixed 
with gases in constricted strea?ins at high Velocity 
With eduction in pressure to atmospheric air 
surrounding the apparatus. 

Primary air is admitted to the combustion 
zone of burner S through an Opening : 2, and a 
hole i3 is provided for insertion of a lighting 
tube or igniter, which may be an electrical igniter 
or simply a natch to start the burning of fuel 
oil injected from ourner nozzle 9. A baffle Wail 
A, or similar shield between the burner 9 and 

the exhaust tube , is desirable to prevent direct 
inpingement of hot fame from the burner on 
the exhaust tube. The baffle or Shield Inay coin 
pletely or partly surround the exhaust tube to 
avoid hot spots on the exhaust tube and should 
be spaced from the exhaust tube to provide a 
passageway for hot, flue gas to the annular space 
betWeen the exhaust tube and the outer shell 
5 doWn to the inlet at the bottom of the exhaust 
tube for effecting even heat distribution around 
the exhaust tube it. 

Fol conservation of heat, the oute shell 5 
of the generator may be covered with insulation 
5 and With an Outer jacket 6. 
In Order to itaprove atomization of a ionally 

VisCOLS fog oil and accommodate for various ci 
matic Conditions, a preheating coil or heat, ex 
change means f is located in the lower part of the 
annular Space between outer shell 5 and the ex 
haust tube i for preheating the fog oil. The fog 
oil passed through the preheating coil 
abstracts heat by indirect heat exchange from 
the hot file gas in the down draft strean after 
the hot fille gas has imparted some of its heat, 
to contents in the upper part of exhaust tube 
by indirect heat exchange. The outlet end of 
preheating coil 7 may be connected to atomizer 

by pipe 8 through an automatic, thermo 
Static, or simply a manually controlled valve 9. 
A Suitable thermostatic valve for this purpose 
is responsive to high temperatures, e. g., about 
400-500 F., so that the valve gradually opens 
With increasing oil temperature to deliver the 
heated oil under pressure to the atomizer 5 
through pipe 8. The valve opening can be 
limited to a degree at which a good white Smoke 
is produced. Preheated fog oil is thus supplied 
to the atomizer from supply tank 23 and con 
pressed air or other compressed gas suitably un 
reactive with the fog oil under conditions exist 
ing in the exhaust tube is supplied from any 
available Source to atomizer through pipe 2 
a.S from compressed air tank 22. 
The fuel oil tank 23 may simply be provided 

With a cap 23, an air supply line 25, an oil line 
23 to the burner 9, a safety pressure relief valve 
2, and a clean-out drain plug 28.a. For smoother 
Operation, the tank 23 is divided into two con 
partments by a central partition 28. A sub 
Stantially constant head of oil is maintained in 
the lower compartment by manipulating the 
divider valve 29, which controls the flow from 
the upper compartment. A series of pet cocks 
30 at different levels of the tank may be used 
for draining and testing for liquid levels. The 
air inlet line 25 may be provided with a check 
Valve 3i, a pressure gauge 32, the pressure re 
lief valve 27, and the hand valve 34 on the by 
pass 35 to the upper compartment. The oil is 
Sent from the lower compartment of tank 23 
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4. 
under air or gas pressure to the bui'ner nozzle 
9 through pipe 26 controlled by the Outlet, 
valve 36. 
Although one oil tank is Suficient for Supply 

ing an oil to be used both in the burner fo1" 
making the hot combustion gases and in the 
atomizer as a fog oil, particularly if the unit is 
to be made light in Weight and is to be used for 
small scale operations, for units which are to 
be carried on a truck and used for large Scale 
Operations, it is technically advantageois and 
nore econonical to have a separate tank for 
Special fog oil. With a lower grade fuel oil in a 
fuel oil tank for burning. 
The fog oil tank 28 nay simply comprise a 

filler cap 3 with a screen 38, a drain valve 39, 
and an outlet line is to the generator. 

For controlling the flow of fog oil from tank 
, the pipe 30 may be provided with a valve 4, 

a punp 42, a pump by-pass 43 With a pressure 
regulator 48, a pump outlet valve 45, and a vent 
line 46 with valve 4. The supply line 43 froin 
the fog oil tank passes the fog oil to the heat, 
exchange coil , froin which the heated oil is 
finally passed to the atomizer . 
A Commercial type of gasoline engine driven 

air compressor may be assembled with the unit 
for Supplying compressed air. As conventionally 
ShoW in the drawing, the air compressor corn 
prises a gasoline engine 4S with gasoline suppliy 
tank 49, compressor 5), Safety pressure relief 
valve 5 , air tank 22, tank discharge valve 52, 
and distributing line 53. An air strainer may be 
placed in the compressed air supply or distribut 
ing line for removing dirt or other contaminants. 
The distributing line 53 is joined to pipe 25 which 
conducts compressed air to the fuel oil tank 23 
and also is connected to line 2 leading to the 
atOnizer 8. The pump A2 may be driven by the 
air compressor engine 48. 
The atomizer G may simply comprise a nozzle 

With inletS for the fog oil and compressed air 
or gas and having a needle valve 54 for adjust 
ing the atomizer. The nozzle is positioned to 
spray the oil centrally and vertically into the 
exhaust tube 7. 

For Operation, Compiressed air or an equivalent 
Compressed gaS, Such as, nitrogen o' carbon 
dioxide, is Supplied to one or rinole oil tanks 
from Which fog oil and/or fuel oil are obtained. 
Air is admitted from injector G as soon as 
burner 9 is lit to provide induced draft for the 
burner. When temperatures are sufficiently high 
for vaporization of fog oil sprayed into the ex 
haust tube 7, valve 9 is gradually opened so that 
the fog oil preheated to about 400-500 F. in 
coil 7 becomes sprayed into the exhaust tube 
where the spray becomes mixed with hot fue 

gaS Which has passed over the preheating coil 
. The oil flow through the coil i is regulated 

by valves 45 and 9, and the hot oil is supplied 
to the atomizer Simultaneously with compressed 
air from line 2. The oil spray is vaporized in 
the exhaust tube 7, and the oil vapors mixed 
With the flue gas and air are emitted through 
discharge Opening f to the atmosphere, where 
the oil vapors become condensed to produce a 
White Snoke-like cloud. 
The exhaust tube is preferably constructed 

of a Suitable heat resisting material, e. g. ceramic 
or steel alloy, light in weight, and formed to pro 
Wide a Wenturi jet effect with the atomizer for 
increasing the velocity of the gases into the ex 
haust tube to obtain more favorable particle size, 
better heat transfer between the atomized oil and 
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hot flue gas, and, also, to make the velocity of the 
gases greater than the rate of flame propagation 
so that the burner flame is extinguished where 
the hot flue gas enters the exhaust tube 7. 
The atomizer 0 in coaxial alignment with the 

exhaust tube injects the atomized fog oil cen 
trally through the Wenturi throat 55 of the ex 
haust tube 7, and the flue gas is induced to flow 
by the jet effect of the Sprayed fog oil and con 
pressed gas into the throat 55. The atomized oil 
becomes vaporized almost instantaneously after 
entering the exhaust tube in what may be con 
sidered as a vaporizing zone and does not sub 
Stantially contact the heated wall of the exhaust 
tube . For satisfactory operation, the tempera 
tures and proportions of the fog oil and con 
pressed air passed from the atomizer and of the 
flue gas entering the vaporizing zone in exhaust 
tube should be such that the oil is not subjected 
to decomposition prior to vaporization in the 
Vaporizing Zone. There may be some cooling 
effect. When the gases and spray jet through the 
Wenturi throat 5 becomes rapidly expanded but 
there is not Sufficient reduction in temperature 
to prevent rapid vaporization of the atomized 
oil. The atomizer may be constructed to have 
an automatic valve control in conjunction with 
a thermal element in a preheating coil so that 
the atomizer operates to spray the fog oil when 
the fog oil temperature in the preheating coil 
reaches a desired point, such as about 250° C. 

It has been determined that a particle size of 
about 0.6 micron diameter provides optimum 
Screening power. The approximate particle size 
of the dispersed oil can be determined by observ 
ing the color of the Sun viewed through the Smoke. 
Favorable particle size is obtained when the sun. 
color ranges from a deep orange to red. 

in producing the oil fogs with the generator of 
this invention, a jet of oil vapors is discharged 
into the atmosphere to undergo rapid conden 
Sation. The generator operates at highest effir 
ciency in producing a white Smoke-like fog, the 
efficiency being measured by the amount of oil 
used to Substantially obscure an object. 
Warious fog-producing oils may be used, but in 

Selecting the oil, consideration is given to the 
availability and the ease of handling, tendencies 
of the Smoke to be toxic or injurious to equip 
ment, and the property of the oil with respect to 
vaporization, carbonization, pour points, and the 
stability or persistency of the aerosol dispersion, 
Of the oils considered, petroleum oils were se 

lected as the most Suitable. Oleic acid gives a 
persistent fog but with rancid odor. Fuel oils do 
not give a very persistent Smoke. Petroleum 
oils having characteristics of light lubricating 
oils with mid-boiling points of about 750-800° F. 
at atmospheric pressure prove satisfactory. 
A petroleum oil known as Dio 55 Was efficiently 

used. Tt is a distilled lubricating oil cut With a 
minimum flash point of about 385 F., a low pour 
point, a Substantially negligible carbon residue, 
and a mid-boiling point of about 780 F. Analysis 
of condensed vapor samples and odor of Smoke 
from this oil indicates that very little cracking 
takes place in the exhaust tube. The vaporization 
of the Sprayed oil is almost instantaneous, and 
any small amount of cracking which may take 
place Occurs where the atomized oil strikes the 
hot side Walls of the exhaust tube does not affect 
the efficiency of the generator. Flue gas 
analysis shows that very little oxygen in excess air 
supplied to the burner and in the air used for 
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atomization undergoes combustion in the ex 
haust tube. 
Although the generator operates satisfactorily 

without the use of water or Steam. With advantages 
that are readily appreciated, it may be modified 
easily to introduce a Small amount of Stean 
through an adjustable restriction into the oil fog 
preheating coil by having a Small amount of Wate!' 
fed through a steam coil. By using steam, the 
vaporization pressure of the fog oil may be re 
duced, and accordingly, the characteristics of the 
fog oil may be more varied. A pressure regul 
lator inaintained at a set pressure difference 
across an adjustable valve may be placed in the 
water feed line to the steam coil so that the 
water flow to the steam coil is constant regard 
less of variations in the steam coil pressure. 

For the purpose of illustration without limiting 
the invention, data, on a model unit developed 
in accordance with this invention is given as foll 
OWS: 

Capacity rate -------------, 50 gal. fog oil per hr. 
Fog-oil tank capacity ----- 10 gall. 
Burner nozzle, gal. per hr-i 3.5. 
Air pressure, lbs. per Sq. in 69. 
Fog-oil pressure, lbs. per sq 
II----------------------- 59. 

Fog oil temperature, C----- 251. 
Color of Sun -------------- Orange. 
The sub-assemblies were bolted together with 
Shock absorbing rubber pads to reduce vibration. 
The unit has a total weight of 1,250 pounds with 
out charge and fits a QM 1-ton trailer. 

Results from testing the model unit showed 
that the generator can be started in less than i. 
minute. The fuel and fog oil could be fed to the 
generator with any available compressed gas stip 
ply at about 60 lbs. per Square inch. The opera 
tion of the generator was independent of climatic 
conditions except that in extremely cold weather, 
it was desirable to cut the fog oil in viscosity. 
Ignition of the fog oil vapors in the exhaust tube 
WaS avoided. 
The described generator unit is adapted to be 

Operated with relatively low tank pressures for 
flow of fog oil, fuel oil, and even water, if desired, 
and thus may be provided compressed air or gas, 
Such as nitrogen or carbon dioxide, in cylinders 
to entirely eliminate moving parts such as pumps, 
engines, and blowers, or the necessary pressure 
is readily obtained with a small air compressor 
unit in the field. The reduction and elimination 
of noving parts beneficially eliminates mechani 
cal difficulties and reduces the total weight to be 
carried. For a portable generator, the liquid and 
gas Supply tanks may be equipped with hand 
pumps which are capable of producing pressures 
of the order of 60 pounds per sq. in. 
The type of generator described, produces 

Screening Smokes which are thick voluminous 
clouds of high obscuring power. Although the 
oil aerosol formed is strictly speaking a fog pro 
duced by vaporization of an oil and condensa 
tion of the vapors into very fine droplets; in 
military parlance it is known as a smoke. Though 
relatively high temperatures of the Order of crack 
ing temperatures of the fog oils are necessary to 
Vaporize the high boiling temperature range oils 
which form persistent oil fogs, with the type of 
apparatus described, the vaporization of the fog 
oils is obtained without substantial cracking, even 
with little or no steam used for lowering the 
Vaporizing temperature. 
Organic dyes, particularly those soluble in the 
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fog oils, may be added to the fog oils to obtain 
a colored Smoke. The generator has a high effi 
ciency With respect to utilization of heating value 
of the fuel oil and with respect to the obscuring 
power obtained from a given quantity of fog oil. 

It is to be understood that, though the inven 
tion has been described with reference to certain 
Specific embodiments that other modifications 
Conne Within the Spirit and scope thereof. 
We Cain: 
1. In an apparatus for producing an aerosol 

having a Source of vaporizable fluid and a source 
of flue gases, the improvement comprising a ver 
tically disposed, tubular member having a top 
closure and a botton closure, an inner tubular 
inenber positioned Within and Spaced from Said 
irst rientioned tubular member, the Space be 
tWeen said tubular members being in Communica 
tion. With said Source of flue gases, one end of 
said inner tubular member extending through 
said top closure, the other end of Said inner tubu 
lar member having a Venturi-shaped inlet, and 
a nozzle extending through said botton closure 
at a point beneath said inlet and being in Com 
munication with said source of vaporizable fluid. 

2. In an aerosol generator, the combination 
comprising an outer tubular member, a closure 
at each end of said outer tubular member, an 
inner tubular member positioned Within and 
spaced from said outer tubular member and hav 
ing one of its ends extending through One end 
closure and its other end being Wenturi-Shaped 
and positioned adjacent to the other end closure, 
means for supplying vaporizable fluid through 
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said other end closure, and means for Supplying 
flue gases to the space between said tubular 
members. 

3. In an aerosol generator, the combination 
comprising an outer tubular member, a closure 
at each end of said outer tubular member, an 
inner tubular member positioned. Within and 
Spaced from said outer tubular member and hav 
ing one of its ends extending through one end 
closure and its other end being positioned adja 
cent to the other end closure, means for Supply 
ing vaporizable fluid through Said other end clo 
Sure, Said means for Supplying vaporizable filuid 
including a conduit which is in part positioned 
within the Space between said tubular members, 
and means for Supplying fille gases to the Space 
between said tubular members. 

4. In an aerosol generator, the combination 
defined in claim 3 wherein Said Conduit is coiled 
about Said inner tubular member. 
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