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The invention pertains to production of 
smoke and its discharge from aircraft. It 
relates particularly to discharge of smoke 
from heavier-than-air craft insky writing, 
but also is adapted to the formation of Smoke 
and its discharge for other purposes. 

It is an object of the invention to provide 
means, easily controlled by the operator, that 
efficiently will treat smoke-producing ina 
terial and discharge it into the atmosphere. 
Another object of the invention is to pro 

vide means for employing heat from the pro 
pelling-engine of an aircraft to bring Smoke 
producing material to such temperature as 
will permit its conveyance to the place of 
discharge into the atmosphere. 
When considered in connection with the 

description herein, the characteristics of the 
invention will be apparent from the accom 
panying drawings, forming part hereof, 
wherein adaptations of the invention, to an 
airplane are disclosed, for purposes of illus 
tration. 
Although the disclosures herein exemplify 

what now are considered to be preferable em 
bodiments of the invention, it is to be under 
stood that it is not the intention to be limited 
necessarily thereto in interpretation of the 
claims, as modifications and adaptations 
within the limits of the claims can be made 
without departing from the nature of the in 
vention. 

Like reference-characters refer to corre 
sponding parts in the views of the drawings, 
of which 

Fig. 1 is a side elevation, partly in section 
and with parts broken away, showing an ar 
rangement of apparatus in accordance with 
the invention; 

Fig. 2 is a plan view, certain parts of the 
airplane being broken away and other parts 
omitted; and 

Fig. 3 is a view similar to Fig. 1 illustra 
tive of another arrangement. 

In the drawings, A designates the fuselage 
of an airplane of conventional form, B an op 
erator's seat therein, C the sustention-planes, 
D the propelling-engine, and (as seen in Figs. 
1 and 2) E the exhaust-manifold having its 
discharge end outside of the fuselage, the 
parts being shown to some extent diagram 
matically and only to the degree necessary for 
exemplification of the invention. 
As seen in Figs. 1 and 2, a casing 4, prefer 
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ably of cylindrical form and having a dome 
shaped cover 5, is installed in the fuselage, in 
the adaptations shown in a position between 
the engine and the operator's seat. The cover 
at its top has a sleeve 6, from which a pipe 
or other suitable vent-conduit 7 leads 
through, and to a point above, the upper 
plane of the machine, and that pipe has a rearwardly-deflected discharge-terminal 8. 
The casing 4 contains the heating-chamber 
of the device, and the cover 5 thereof is ar. 
ranged in such manner that it may be moved 
to afford access to the interior of the chamber. 
In the adaptation disclosed, the pipe 7 is held 
fixedly by being attached to the apper wall of 
the fuselage and to the upper plane, the cover 
sleeve 6 is slidable on the lower portion of the 
pipe, and the cover is movable upwardly of the casing. 
Hot exhaust fluids from the engine are con 

veyed by a pipe or other suitable conduit 9 
to the lower portion of the heating-chamber 
inside of the casing 4, from which they pass upwardly through the pipe 7 and are dis 
charged into the atmosphere. The pipe 9 in 
its forward portion extends laterally toward 
a sile Wall of the fuselage, and it has there 
on a turnable elbow 10, which extends through the fuselage-wall and has its ter 
minal portion turned toward and capable of being brought opposite and close to the dis 
charge end of the exhaust-manifold E. The 
elbow has fixed thereon an arm 11, which is 
connected by a member 12 with a hand-lever 
18 within reach of the occupant of the seat, 
B, whereby the elbow may be swung to alter 
the relative position of its intake end with 
respect to the discharge end of the exhaust 
manifold and thereby regulate the amount of 
hot fluids conveyed through the pipe 9 to the heating-chamber. 
An air-pump 14, actuated in any suitable 

manner and preferably by the propelling-en 
gine, forces air through a pipe 15 to a stor 
age-tank 16 having a relief-valve 17 and 
thence through a pipe 18 to the upper por 
tion of a casing 19 inside of the casing 4. In 
stead of using an air-pump, the storage-tank 
may be charged with air at sufficient pressure 
before the machine leaves the ground, in 
which event a pressure-reducing valve 17 is 
located in pipe 18. 
The inner casing 19 contains the fuel or 

combustion chamber of the apparatus, in 
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which the smoke-producing material, is 
treated as hereinafter explained, it prefer 
ably is of cylindrical form, and it is smaller 
than, and has its side wall separated from 
the side wall of the casing 4. The casing 19 
has a removable or liftable cover 20, it is sup 
ported on the bottom of the casing 4 by legs 
21, and it has an inverted-cone-shaped bot 
tom 22 positioned somewhat above the bottom 
of the heating-chamber. It is apparent that 
the hot fluids in the heating-chamber entire 
ly surround the inner chamber. A pipe 23 
leads from near the lowermost point of the 
bottom 22 upwardly through the fuel or com 
bustion chamber and through the pipe 7, 
where it is heated by the exhaust fluids pass 
ing out through that pipe, to a point slightly 
to the rear of the rearwardly-deflected dis 
charge-terminal 8. Discharge from pipe 23 
is controlled by a valve 24 operated by an arm 
25 connected by a member 26 with a hand 
lever 27 within reach of the occupant of the 
seat B. 
In the form of apparatus disclosed by Fig. 

3, instead of employing heat conveyed from 
the engine-exhaust, hot water of the engine 
cooling system is used. The heating system 
of that form includes a pipe 28 leading from 
the jackets of the engine-cylinders to the cas 
ing 4, a pipe 29 leading from the bottom of 
that casing upwardly to a point above the 
upper sustention-plane and having a rear 
wardly-deflected terminal portion 30 at its 
upper end, and a return-pipe 31 leading 
therefrom to the engine-radiator. The pipe 
23 in this arrangement, instead of extending 
upwardly through the inner chamber, ex 
tends downwardly from the lowermost point 
thereof and thence follows inside of the 
water-pipe 29 to its upper end, where it ex 
tends through the wall of, and projects from, 
the rearwardly-deflected terminal portion 30. 
It will be seen that in this form the heating 
system of the apparatus is a part of the cool 
ing system of the propelling-engine, in which 
system there is the usual pump P connected by pipes with the cylinder-jackets and ra. 
diator. 
Apparatus in which hot liquid from the 

engine is used to bring smoke-producing ma 
terial to the requisite temperature, and a 
process that involves employment of hot liq 
uid for that purpose, are described and 
claimed in my Patent No. 1,526,570, issued 
February 17, 1925, on an application divi 
sional of this application. 
When the apparatus is in operation, or is 

maintained in readiness for operation, the in 
ner casing 19 contains a material that evolves 
smoke when heat or air or both are applied 
thereto, or that produces smoke effect when 
discharged into the atmosphere; the inner 
chamber and the pipe 23, which carries smoke 
material therefrom to the place of discharge 
above the upper sustention-plane, are main 
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tained at all times in heated condition; and 
by means of the air-pump or of a precharged 
storage-tank and the pipes leading therefrom 
to the inner chamber sufficient air pressure 
above atmospheric is maintained in that 
chamber to cause immediate discharge of ma 
terial therefrom through the pipe 23 upon 
the opening of the valve 24. Of course, when 
the apparatus of the form disclosed by Figs, 
1 and 2 is not in use or is not expected to be 
used for some time, the elbow 10 may be 
turned to the position where it will receive 
little, if any, of the fluids from the exhaust 
manifold. 
White phosphorus has been found in the 

practice of the invention to be among the sub 
stances suitable for use in the apparatus for 
attainment of the results desired. That sub 
stance in the commercial form usually is in 
sticks or cakes. It melts under water at about 
111 degrees F. When discharged into the air 
in melted condition, it ignites spontaneously 
and produces dense smoke. When that sub 
stance is used as the smoke-producing mate 
rial, it preferably is covered with a layer of 
water in the casing 19, as indicated at W in 
Fig. 1, to prevent preignition in that place 
under the influence of air and heat. 
The inner casing 19 being charged with a 

Smoke-producing material--say White phos 
phorus for example-the casing and its con 
tents are heated by fluids conducted to the 
heating-chamber. With the form of appara 
tus shown by Figs. 1 and 2, the temperature 
in the heating-chamber is regulated by ad 
justment of elbow 10 to bring it more or less 
Opposite to the discharge end of the exhaust 
manifold and thereby to cause it to receive 
more or less of hot fluids there from and less 
or more air from the atmosphere. With the 
form of apparatus exemplified by Fig. 3, the 
water of the circulating system of the engine 
always gives a sufficient temperature for the 
melting of white phosphorus. 
As the material in the casing 19 Inelts, it 
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is forced upwardly through the pipe 23 by 
pressure of air entering the casing from pipe 
18 when the valve 24 is open. Air pressure 
in the inner casing is maintained automati 
cally by relief-valve 17 or by pressure-reduc 
ing valve 17 at a degree not exceeding that 
predetermined as suitable; and, assuming 
that the air-pump constantly operates or that 
the storage-tank remains charged, that pres 
Sure is maintained at all times. 
The hot exhaust fluids, or the hot water of 

the engine-cooling system, as the case may be, 
maintain the Smoke material at sufficient tem. 
perature for the desired results until it reaches 
the point of discharge. In the case of white 
phosphorus, for example, it is kept in melted 
condition until discharge. It is desirable not 
only to discharge that substance in melted 
condition, but also at such temperature above 
the melting point to which it may be brought 
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safely in order to counteract the low tempera 
ture of the atmosphere at high altitudes, 
which otherwise might prevent ignition on 
discharge. The apparatus is capable of 
bringing the material to that temperature. 
When the operator wishes to have streams 

of smoke formed in the air, he opens valve 
24 to the extent necessary to permit emission 
of the required amount of smoke material. 
In the case of white phosphorus, the material 
at the temperature it is emitted ignities upon 
contact with the atmosphere and produces 
dense smoke. When it is intended to trail 
the smoke in such manner as to form signs, 
characters, letters, words, etc., the airplane is 
maneuvered to produce the desired forms. 
Another substance that may be used advan 

tageously in the apparatus for production of 
smoke is red phosphorous powder, which is 
placed in the inner chamber and forced by 
the air therein under pressure to the discharge 
end of pipe 23, where in the case of the ap 
paratus disclosed by Figs. 1 and 2 it mixes 
with the hot exhaust fluids, ignites, and pro 
duces dense Smolke. 
The apparatus also is adapted to the burn 

ing of a smoke-producing material in the in 
her chamber, wherein the air under pressure 
furnishes the necessary amount of oxygen 
for combustion and at the same time con 
tributes to the causing of the passage of pro 
duced smoke through the pipe 23 to the point 
of discharge. The particular form of ap 
paratus employed in such a case is dependent 
upon the character of the combustible. If 
it is one that requires added heat to facilitate 
combustion, the form of Figs. 1 and 2, in 
which hot exhaust fluids are applied to the 
inner casing, is used. If the combustible is 
one that is liable to overheat the inner casing, 
the form of apparatus disclosed by Fig. 3, in 
which the engine-cooling water surrounds the 
inner casing, is uscd. 
An important feature of the invention is 

the discharge of smoke, or of material that 
will produce smoke on contact with the atmos 
phere, into a strata of air that is not disturbed 
by the propeller, Sustention-planes, and other 
parts of the machine in flight. 
One of the ways this unay be done is dis 

closed by the drawings, wherein the exhaust 
fluid pipe 7 and the smoke-material pipe 23 
in the case of the form of Firs. 1 and 2 and 
the circulating-water pipe 29 and the pipe 23 
in the case of the form of Fig. 3 extend up 
wardly to a point considerably above the 
upper sustention-plane into atmosphere that 
is undisturbed by the advancing machine. 
Smoke or smoke material thus discharged is 
less apt to be disturbed than when, as is of 
common practice, it is discharged at the tail 
of the machine or at other places in the slip 
streams or in the back wash from the pro 
peller. It will be seen, therefore, that char 
acters, words, etc., formed by maneuver of a 

3. 

machine equipped with this apparatus retain 
their integrity and visibility for a longer pe 
riod than when smoke or smoke material is 
discharged into machine-disturbed air. 
Although the invention is described herein 

with particular reference to the production 
of Smoke in sky writing, the apparatus also 
is adapted to the production of smoke for 
Screening and other purposes. 
The term “smoke material' is used here 

in after to indicate either smoke produced in 
the apparatus or material that produces 
Smoke on discharge from the apparatus into the atmosphere. 
Having thus described by invention, what 

I claim as new, and desire to secure by Let 
ters Patent, is 

1. In an aircraft having an engine with an 
exhaust-conduit discharging hot fluid from 
its end, a receptacle arranged to contain 
smoke-producing material, a conduit having 
an end adjacent to and movable toward and 
from a position opposite to the end of said 
exhaust-conduit and arranged to apply hot 
fluid from Said exhaust-conduit to the ex 
terior of said receptacle, and a pipe leading 
from Said receptacle and arranged to dis 
charge smoke material therefron. 

2. In an aircraft having an engine with 
in exhaust-conduit discharging hot fluid 
from its end, a receptacle arranged to con 
tain Shoke-producing material, a pipe ter 
minating at one end adjacent to the exterior 
of Said receptacle, an elbow at the other end 
of said pipe turnable toward and from a 
position opposite to the end of said exhaust 
conduit, and a pipe leading from said recep 
tacle and arranged to discharge smoke ma 
terial therefrom. 

8. In an aircraft, a receptacle arranged to 
contain smoke-producing material, a casing 
surrounding said receptacle, a pipe extend 
ing outwardly from said casing, means 
whereby heat is supplied to the interior of 
said casing and pipe, and a smoke-material 
pipe leading from said receptacle through 
said casing-pipe and arranged to discharge 
into the atmosphere at its outer end. 

4. In an aircraft a receptacle arranged to 
contain smoke-producing material, a casing 
surrounding said receptacle, a pipe extend 
ing outwardly from said casing, means 
wherely hot fluid is conveyed to the interior 
of sail casing and pipe, and smoke-material 
pipe leading from said receptacle through 
said casing pipe and arranged to discharge 
into the atmosphere at its outer end. 

5. In an aircraft having an engine, a re 
ceptacle arranged to contain smoke-produc 
ing material, a casing surrounding said re 
ceptacle, a pipe extending outwardly from 
said casing, means whereby hot fluid from 
said engine is conveyed to the interior of said 
casing and pipe, and a smoke-material pipe 
leading from said receptacle through said 
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casing-pipe and arranged to discharge into 
the atmosphere, at its outer end. 

6. In an aircraft having an engine with 
an exhaust-conduit, a receptacle arranged to 
contain smoke-producing material, a casing 
surrounding said receptacle, a vent-pipe ex 
tending outwardly from said casing, a pipe 
leading from said exhaust-conduit to the in 
terior of said casing, and a smoke-material 
pipe leading from said receptacle through 
said went-pipe to its end. 

7. In an aircraft, the combination of a 
propelling-engine, a closed receptacle ar 
ranged to contain smoke-producing mate 
rial, a pump driven by said engine arranged 
to compress air into said receptacle, a casing 
surrounding said receptacle, a pipe extend 
ing outwardly from said casing, means 
whereby hot fluid from said engine is con 
veyed to the interior of said casing and pipe, 
a smoke-material pipe leading from said re 
ceptacle through said casing-pipe and ar 
ranged to discharge into the atmosphere at 
its outer end, and a valve whereby discharge 
from said smoke-material pipe is controlled. 

8. In an aircraft, the combination of a pro 
pelling-engine having an exhaust-conduit, a 
closed receptacle arranged to contain smoke 
producing material, a pump driven by said 
engine arranged to compress air into said re 
ceptacle, a casing surrounding said recep 
tacle, a vent-pipe extending outwardly from 
said casing, a pipe leading from said exhaust 
conduit to the interior of said casing, a smoke 
material pipe leading from said receptacle 
through said vent-pipe, and a valve whereby 
discharge from said smoke-material pipe is 
controlled. 

9. In an aircraft, a receptacle arranged to 
contain smoke-producing material, a casing 
surrounding said, receptacle, a pipe extend 
ing from said casing into the atmosphere be- . 
yond said aircraft ordinarily undisturbed by 
operation thereof, means whereby heat is 
supplied to the interior of said casing, and 
a smoke-material pipe leading from said re 
ceptacle through said casing-pipe and ar 
ranged to discharge into the atmosphere at 
the outer end of said casing-pipe. 

10. In an aircraft haying an engine, a re 
ceptacle arranged to contain smoke-produc 
ing material, a casing surrounding said re 
ceptacle, a pipe leading from said casing into 
the atmosphere beyond said aircraft ordinar 
ily undisturbed by operation thereof, means 
whereby hot fluid from said engine is con 
veyed to the interior of said casing and pipe, 
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and a smoke-material pipe leading from said receptacle through said casing-pipe and ar 
ranged to discharge into the atmosphere at 
the outer end of said casing-pipe. 

11. In an aircraft having an engine with 
an exhaust-conduit, a receptacle arranged to 
contain smoke-producing material, a casing 
surrounding said receptacle, a vent-pipe ex 
tending from said casing into the atmosphere 
beyond said aircraft ordinarily undisturbed 
by operation thereof, a pipe leading from 
said exhaust-conduit to the interior of said 
casing, and a smoke-material pipe leading 
from said receptacle through said vent-pipe 
and arranged to discharge into the atmos 
phere at the outer end of the vent-pipe. 

12. In an aircraft having a fuselage and 
a sustention-plane attached thereto, a recep 
tacle in the fuselage arranged to contain 
Smoke-producing material, a casing sur 
rounding said receptacle, a pipe extending 
upwardly from said casing to a point above 
said plane, means whereby heat is supplied 
to the interior of said casing, and a smoke 
material pipe leading from said receptacle 
through said casing-pipe and arranged to dis 
charge into the atmosphere at the upper end 
of said casing-pipe. 

13. In an aircraft having a fuselage, an 
engine therein, and a sustention-plane at 
tached thereto, a receptacle in the fuselage 
arranged to contain smoke-producing mate 
rial, a casing surrounding said receptacle, a 
pipe extending upwardly from said casing 
to a point above said plane, means whereby 
hot fluid from said engine is conveyed to said 
casing and pipe, and a Smoke-material pipe 
leading from said receptacle through said 
casing-pipe and arranged to discharge into 
the atmosphere at the upper end of said cas ing-pipe. 

14. In an aircraft having a fuselage, an 
engine therein with an exhaust-conduit, and 
a sustention-plane attached thereto, a recep 
tacle in the fuselage arranged to contain 
smoke-producing material, a casing surround ing said receptacle, a vent-pipe extending 
from said casing upwardly to a point above 
said plane, a pipe leading from said exhaust 
conduit to the interior of said casing, and a 
smoke-material pipe leading from said recep 
tacle through said vent-pipe and arranged 
to discharge into the atmosphere at the up 
per end of said vent-pipe. 
In witness whereof I affix my signature. 

ARTHUR R. SMITH. 
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