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To all thom, it may concern: 
Be it known that we, CHARLEs E. LUCKE 

and Jon N GooD, both citizens of the United 
States, residing, respectively, in New York 
city, county and State of New York, and in 
Brooklyn, county of Kings, and State of 
New York, have invented the following-de 
scribed Improvements in Liquid-Fuel Car 
buration. 
The invention relates to the method of 

making explosive gaseous mixtures of air 
and the vapor of certain liquid fuels. These 
fuels include the distillates of petroleum and 
the liquid parts of the products of coal or 
wood roasting, and also certain simple 
chemical substances that distill without resi 
due, such as benzol, the alcohols, etc., but particularly those commonly called “heavy.” 
such as kerosene and the heavy petroleum 
distillate solar oil, and the like. The in 
the proper application of the heat necessary 
to accomplish the vaporization of these dis 
tillates, and to the establishment of suitable 
physical relations between the source of 
such heat, the liquid to be vaporized and 
the air with which the vapor is to be mixed. 
The object of the improvement is to pro 
duce explosive gaseous mixtures of air and 
such liquid fuels which shall be substan 
tially free of fuel in liquid form and may 
therefore be said to be dry, such mixtures 
being no warmer than necessary to main 
tain the vapor condition of the fuel they 
carry, and therefore as dense as consistent. 
with this physical state. Gaseous mixtures 
when produced in accordance with this in 
vention may be introduced into the cylin 
ders of internal combustion engines or sup 
plied to surface-combustion or other burners 
or furnaces insuring operation at maximum 
efficiency, and also, in multicylinder en 
gines, reducing inequality of power in the 
several cylinders, as well as Smoke or in 
ternal carbonization, and other difficulties 
referred to below. 
Unless the fuel part of the carbureted mix 

ture introduced into an ordinary explosive 
combustion engine be in the vapor, rather 
than the liquid, form, efficient combustion 
and operation is not possible. Any fuel in 
the liquid form, as in drops, films, streams, 
or pools, may easily fail to burn because 
of the inability of the liquid particles, in 
the center of a drop, for instance, to reach 

the necessary air for their combustion, and 
not only will such particles fail to burn and, 
perform their useful and desired function, 
but in addition, by reason of the heat of 
combustion of neighboring particles, they 
will decompose creating harmful cylinder 
residues in the form of tar or coke and 
making a foul Smell and smoke in the ex 
haust. In case such liquid particles happen 
to be in a cool spot in the cylinder at the 
time of general combustion of the rest of 
the mixture they may not be decomposed 
as just described, but may still exert a harm 
ful influence by dissolving the lubricating 
oil, which, escaping past the piston, inter 
feres with lubrication. Unvaporized liquid 
in the cylinder in any case represents a di. 
rect loss of fuel. 
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The mixture introduced into internal 
combustion engines, moreover, should be as 
cool as possible, because, other things being 
equal, the amount of heat developed by each. 

75 

explosion, and the amount of work that can 
be done as a consequence, are both greater 
in proportion as the weight of the cylinder 
charge is greater, so that the cooler the mix 
ture or the greater its density, the more 
power will be developed. But such mix 
tures if too cool will be wet-that is, some 
of the fuel will be in liquid state instead of 
vapor, either by reason of condensation of 
vapor previously formed at a higher tem 
perature, or of an original failure to va 
porize. If the mixture is too warm other 
conditions develop equally objectionable. 
Most of the liquid fuels have a tendency to 
decompose or polymerize when heated be 
yond a certain temperature and residues are 
formed due to chemical changes therein 
which residues may be solid or liquid, but 
either of which will cause serious obstruc 
tion to efficient operation. All liquid fuels 
of the distillate class have been produced by 
vaporization at some temperature or within 
some temperature range below a definite 
maximum temperature. Any of them may 
be again subjected to the same temperatures 
without harm, but because of the complex 
nature of some of these liquid fuels, espe. 
cially such hydro-carbons as gasolene, kero 
sene, solar oil, distillate or tops, these being 
really solutions of various hydro-carbons 
of different densities and vapor pressures 
or boiling points, they cannot ordinarily be 
completely revaporized below or at the 
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purpose. The bowl-shaped walls 16 and 30 
are disposed in nested relation to a second 
bowl-shaped wall 17 and the annular space 
between this wall and the movable wall 30, 
forms a shallow bowl-shaped chamber ex 
tending radially outward 
from the end of the tube to an annular col 
lecting chamber 18, which latter is connect 
ed by two or more pipes 19, with the intake 
manifold 9 of the engine. 
which is a fixed wall, is similarly nested in 
a wall or casing 20, also of the same gen 
eral shape and forming a bowl-shaped cham 
ber 21, surrounding the other chamber but 
separated from it. This chamber 21 forms a 
communication of annular section between 
the heat pipe 22 and an annular chamber 23 
at the top, connecting with the exhaust out. 
take 3, through the pipe 24. Products of 
combustion from the exhaust pipe 2 reach 
the heat pipe 22, by a pipe 26, and thence 
pass upwardly through this chamber 21 on 
their way to the outtake 3. Thereby such 
chamber serves as a means of annlying heat 
to the shallow space or chamber between the 
walls 30 and 17. 
The several fixed walls 16, 17 and 20, are 

readily made of metal, flanged at their mar 
gins so that when nested together they will 
be compactly inclosed within a main casing 
25 and protected against loss of heat by a 
packing or filling of heat-insulating mate 
rial, as indicated, the purpose being to main 
tain all of the interior parts, and particu 
larly the chamber 17 thereof, at a desired 
temperature. While the relative arrange 
ment and manner of assemblage of the said 
walls is not of particular importance to the 
generic invention, as will later appear, the 
arrangement shown in the drawings is, nev 
ertheless, of great advantage by reason of 
its compactness and efficiency and the ease 
with which the parts can be opened for in 
Spection, and such arrangement constitutes 
part of the present invention. 
The air and liquid fuel from the supply 

device 10 move downwardly through the 
tubes 14 and 28 under the suction effect of 
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the engine and are immediately subject to 
an increase of velocity by passing through 
the venturi contractions in the latter tube. 
At the same time they receive a whirling 
motion, as above explained, and issue forci 
bly from the lower end of the tube into the 
central part of the vaporizing chamber 15. 
By reason of the shape of the curved wall 
30, the chamber is enlarged at its center. 
forming a sort of expansion space 15 im 
mediately at and around the depending lip 
or skirt 28 of the Venturi tube section, the purpose of such expansion space being to 
cause the liquid in the air to be thrown 

65 

down upon the floor of the chamber in such 
uniform state of distribution as to be 
capable of forming a uniform film of the 

and upward 

The wall 17, 

thinness all the way 

B 

liquid extending outwardly from the ex 
pansion chamber in all directions. Most, 
if not all, of the liquid will thus be de 
posited initially upon the floor of the bowl 
shaped chamber 15, while the air passes 
upwardly through the chamber toward the 
collecting chamber 18. The liquid is thus 
brought into film form on the wall or walls 
of the shallow vaporizing chamber and the 
ahr current sweeping thereover with high 

70 

75 
velocity and high frictional effect, tends to 
advance the liquid outwardly and upwardly, 
thereby spreading it out thinner and thinner 
as it approaches the larger diameters of the 
chamber. The film on the wall 17 is thus 
spread, as it were, and brought to the thin 
nest possible condition, in which it presents 
the maximum surface exposure to the air 
and being simultaneously, heated is in a 
favorable condition for 
tion. - . . . . . . - 

The floor of the expansion space 15 is de 
sirably protected by insulation against the 
heat from the chamber 21. This insulation 
in the present case is formed by a false bot 
tom 17 of the bowl 17, and a filling of as 
bestos or other heat insulator. It is desir 
able and important that such liquid as may 
rest or collect in the vaporizing chamber 
shall not be directly subject to the heat 
except when also subject to the frictional 
action of the high velocity air current and 
in the form of a thin expanded film. For 
this reason the heat insulated wall 17 should 
extend to the beginning of the shallow part 
of the vaporizing chamber and care should 
be taken that the liquid shall spread evenly 

complete vaporiza 

in all directions on the insulated floor 17, 
so as to form a film of substantially uniform 

around the chamber. 
When such film is formed of kerosene, solar 
oil or similar heavy and complex hydro 
carbon distillates, the prompt and forcible 
removal of the vapor forming on the surface 
thereof by the scouring action of the high 
velocity air current brings about a complete 
vaporization of the liquid at a temperature 
lower than that at which those distillates or 
any of their component ingredients were 
originally produced, and very much lower 
than will effect decomposition or polymer 
ization of the constituents, and notwith 
standing that these constituents will not 
evaporate without residue or decomposition 
when boiled, for example, in an open vessel 
at atmospheric pressure. This action is due 
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to the fact that the forcible removal of the 
vapor as fast as formed leaves the liquid 
surface of the film naked, as it were, and 
freed from its normal covering of its own 
vapor, so that the progress of vapor forma 
tion takes place, even from the heaviest oils, 
with great rapidity and with somewhat the 
same effect as though the very thin film of 
liquid were exposed to a vacuum in a cham 
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ber very much larger than the vapor of such 
liquid could fill by its complete evaporation 
at a pressure corresponding to a given tem 
perature, that is to say, the localized, forci 

5 ble and continuous removal of the vapor 
tends to disturb or upset the normal equi 
librium between the liquid and its vapor, so 
that the vapor pressure at the liquid surface 
is no higher than in the rest of the space 

10 occupied by the air and, by the evaporation, 
is always kept properly low to keep the tem 
perature down to the desired point or per 
mit complete vaporization within a given 
limit of temperature. It may be further 

15 noted, that in a mixture of air and vapor, 
such as present in the shallow vaporizing 
chamber, the pressure of the vapor is not 
that of the mixture, but only a fraction of 
it, corresponding thereto as the volume of 

20 the vapor to the volume of the mixture, and 
it is therefore possible for a limited amount 
of liquid, such as represented by the thin 
film, to become completely vaporized at a 
low vapor pressure, less than atmospheric, 

25 and at a correspondingly low temperature, 
and we have found that whether the liquid be simple, or complex like kerosene, a limited 
or isolated amount may be completely vapor 
ized at a temperature low enough to avoid 

30 decomposition, and in a large vapor space 
where it will exert a correspondingly low 
vapor pressure. . 
To produce this effect it is necessary that 

heat be supplied, but by reason of the extent 
35 and thinness of the film. and the energetic 

scouring action of the shallow air current 
thereon, the degree of heat may be so low as 
to prevent any decomposition of the liquid. 
while nevertheless sufficient to vaporize all 

40 of the liquid in the limited proportion of 
air which enters into the mixture. If the 
heat is supplied in excess of what is ac 
tually needed to complete the vaporization, 
that is innowise harmful, and will not cause 

45 deposits of residue unless the excess be 
great, but of course overheating results in 
unnecessary expansion of the resulting mix 
ture and means are taken to guard against 
it as later explained. The source of heat 

50 is of course immaterial; in internal combus 
tion engines it is convenient to utilize the 
exhaust gases and they may be used in the 
direct manner as illustrated or in any other 
way whereby their heat is transferred to the 

55 advancing films of liquid and air in the va 
porizing chamber, and while the air is 
spreading and scouring the liquid as above 
explained. . 
The character of the air current is im 

60 portant. It should be of high velocity and 
also shallow, so that the vapor leaving the 
liquid surface may have but a short distance 
to go to penetrate to the most distant air, 
this being necessary to secure homogeneous 

mixture, and also to gain the necessary 
strong surface friction on the liquid. The 
high velocity is attained by the reduced 
cross-section of the vaporizing chamber, but 
this velocity is limited by the tendency to 
pick liquid particles bodily from the surface 
in the same way that high winds blow spray 
from the surface of the sea. Such liquid 
drops would be harmful in the ultimate 
mixture and must be eliminated, as, for ex 
ample, by providing sufficient area of flow 
to keep the velocity below the film-ruptur 
ing point. But we find that higher veloci 
ties than are otherwise possible may be used 
by suitable provisions in the structure for 
the removal of such spray-drops, should 
they thus be formed, and several such 
means are known to us and illustrated 
herein. Any one may be used alone or in 
combination, as may be structurally most 
convenient. One means consists in a con 
tinuous reduction of velocity from a very 
high value, by enlarging the cross-sectional 
area of flow, and this is illustrated in Fig. 
3. The chamber 15, by reason of its flaring 
form, is of larger cross-sectional area near 
its annular outlet chamber 18, than at a 
point nearer to the junction with the ex 
pansion chamber 15 (notwithstanding that 
the chamber may be shallower at the upper 
part). The corresponding and progressive 
reduction of velocity toward the upper part 
of the chamber assists in depositing liquid 
particles. Also by reason of the curvature 
of the vaporizing chamber the thin air cur 
rent traveling radially therethrough is sub 
ject.to constant change of direction and the 
liquid particles are thrown down by their 
inertia and thus replaced in the liquid film. 
The curvature of the chamber 15 is thus of 
importance inasmuch as it provides not only 
for the establishment of the film, in the first 
instance, but also for the maintenance of the 
same by deposit or re-deposit of liquid par 
ticles from the air current. The curvature 
is desirably such as to maintain a constant 
velocity ratio for all adjustments of the wall 
30. Other means of producing the elimina 
tion or throwing down of liquid particles 
suspended in the air current may be em 
ployed, such as those in use in the art of 
steam separators in addition to, or in place 
of, those already described; for instance, as 
shown in Fig. 8, where two vaporizing de 
vices substantially like thit of Fig. 3, are 
joined in series relation so that the mix 
ture, if it contains suspended liquid par 
ticles, will pass from pipes 19, through a 
pipe 13 and into an introducing tube 14 
of a second vaporizing device where such 
liquid particles will be thrown down as a 
film (of smaller area), forming on the wall? 
17 of said second device, becoming forcibly 
vaporized in a similar manner. The re 
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sulting mixture passes thence through the 
passages 19 to the intake manifold 9. One 
vaporizing chamber may be smaller than 
the other, although not so shown, and any 
number of them may be used. The heat 
pipe 22 is branched in this form and the 
exhaust gases pass in multiple through both 
heat chambers, leaving thence by pipes 24 
and 24 to the exhaust outlet. 
The bowl-form vaporizing chamber is de 

sirably set so that the film has to travel 
upwardly therein under the influence of the 
air current, since it is thereby more effec 
tually preserved, continuous and uriiform, 
because the point of highest velocity of the 
air current thereby coincides with the point 
where the film tends to be the thickest. It 
will be understood that the film spreads out 
radially from the center of the chamber be 
coming thinner toward the periphery and 
being eventually dissipated, under normal 
conditions, before it reaches the annular 
outlet. The diameter or radial length of the 
vaporizing chamber should be adequate for 
this purpose, as will be evident, and the 
effective length may be increased, by con 
necting one or more chambers in series in 
the manner above explained. 
In the initial operation of the vaporizer, 

before the engine has begun to produce ex 
haust gases of a temperature sufficient to 
heat the vaporizing chamber, a temporary 
heating device is used and is also illustrated 
herein, but this same device, or an equiva 
lent, may be continuously used when it is 
inconvenient to convey exhaust gases or 
other sources of heat to the vaporizer. This 
device (which forms the subject matter of a co-pending application) is arranged to be 
put in operation to establish a desired tem 
perature of the vaporizing chamber, or 
chambers, by the simple motion of one of 
the machine parts, for instance, the start 
ing-crank or any other starting device-a. 
starting motor, for instance. It consists of 
a burner chamber or casing 31 connected 
with the heat pipe 22 above referred to, 
through a shut-off valve 32, and equipped 
with liquid fuel atomizing means at the op 
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posite end. This spray-producing means 
comprises a jet-nozzle 33 taking liquid from 
a float-controlled reservoir 34 supplied by 
a pipe 35 which is connected with the sup 
ply pipe 11 aboye referred to. The nozzle 
33 is in inspirative or atomizing relation to 
an air nozzle 36 which is supplied with air 
from an air compressor 37, through a pipe. 
38, having an air dome 39 interposed there 
in. The finely atomized spray blast pro 
duced by these nozzles is intercepted by the 
opposite electrodes 40 of an igniting circuit, 
which ignites the blast at that point and the 
flame therefrom passes through the shut-off 
valve 32 into the heat pipe 22 and thence 

s 

through the heat chamber 21 heating the va 
porizing chamber thereby. Additional air 
for the combustion of the spray blast may 
be introduced at the enlargement 41, here 
shown as introduced in tangential relation 
to such enlargement, through the pipe 42 
leading from a fan blower 43, and at a point 
beyond the igniter. The positive air com 
pressor. 37 is driven by a gear 44 forming 
part of a train of gears receiving motion 
from the starting device 6, which, as above. 
stated may be a crank-handle as shown, or, 
the starting motor-generator of an automo 
bile. The rotary blower 43 is driven by a 
shaft 45 from the same train of gearing 
and the magneto 46 for the igniter elec 
trodes 40 is also driven by the same train. 
A fly-wheel 47 is also desirably applied to 
the train. The gear 48, which is the driving 
gear of the train, is directly connected to 
the shaft of the crank 6, and is intended to 
be used, first, for operating the preheatin 
agency without affecting the engine, an 
then to be shifted axially along the long 
gear 50, as by pressing inwardly on the 
crank, or otherwise, so as to connect with 
the clutch teeth 49 and thereby rotate the 
engine crank-shaft 4. Such operation re 
sults in the immediate establishment of a 
flame in the casing 31 which heats the va 
porizer as above described, so that when the 
gear 48 is shifted, the first charge taken 
in by the engine will be suitably vaporized 
and the engine may start at once upon its 
combustion process. The nature of the 
means described is such that no flame is ex 
posed to the atmosphere and no possible 
back-fire in the chamber of the casing 31 
can issue therefrom, except through the ex 
haust discharge or muffler 3. The preheating 
means just described may be used in connec 
tion with the exhaust gases, if desired, when 
for any reason, the temperature of the latter 
is not of itself sufficient, but we have found 
that the exhaust gases are ordinarily suffi 
cient. In case it is not convenient to use the 
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exhaust gases, the preheating device may 
be used in its stead as a constant source of 
heat or any other means, electrical or com 
bustion, may be used for such purpose. 

In order to preserve the temperature of 
the combustible charge, at the lowest tem 
perature, i. e., in the most dense state, we 
may employ a thermostat 56 (Fig. 7) in 
corporated in the charge pipe 19 and oper 
ating to move a bell crank 51, which is con 
nected by a link 52 with a pair of valves 
53 and 54. The thermostat may consist of 
a wire 56 (Fig. 7) trained over a series of 
small pulleys and arranged in the pipe 19 
so as to constitute but slight obstruction to 
flow therein. The operation of the valves 
53 and 54, as will be evident from the draw 
ings, serves to by-pass more or less of the 
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illustrated and described and in some cases 
for operative reasons the thermostat may 15 

6 

exhaust gases direct to the discharge space 
3, through a pipe 55, so that the remainder 
only will pass into the heat chamber 21. 
In this manner the heat applied to the liquid 
film in the vaporizing chamber may be auto 
matically controlled as desired, or as may 
be necessary for the particular liquid fuel 
employed, end the resulting vapor and air 
mixture may thus be delivered to the engine 
in the coolest and densest form. Of course, 
any other form of thermostatic mechanism 
can be employed with equal effect and no 
claim is made herein to the particular form 

be eliminated entirely and hand control sub 
stituted. 
From the description above given it will 

be evident that the result accomplished is the 
20 

mixture of a desired low temperature and 

25 

production of a dry combustible gaseous 
produced without tendency to decompose 
the heavy distillate or other liquid used for 
fuel, and without any unvaporized residue. 
It is the object, of course, to produce a mix 
ture witl the air and fuel vapor in the 
proper proportions to effect a complete com 
bustion, that is to say, a complete chemical 
union of the fuel and the air with no appre 
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cialole residue of either left over after com 
bustion, but it may do no harm, as is well 
known, if the air is slightly in excess. 

It is found desirable under all conditions 
to pass all of the air through the vaporizing 
chamber, in contact with the film, and espe 
cially when using the heavier fuels, as this 
promotes and facilitates the vaporization. 
which must be rapid, complete, and at the 
lowest possible temperature. The diminish 
ment of velocity of the shallow air current 
When the engine runs at less than its nor 
mal speed tends to diminish the rate of va 
porization and at slower speeds also tends 
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toward the collection of a pool of liquid in 
the chamber instead of an extended liquid 
film, and may result in imperfect vaporiza 
tion. 
controlling the air velocity so as to leep it 
above a predetermined value under all con 
ditions. Thus, in the case illustrated, the 
adjustable wall 30 can be moved down 
wardly or toward the floor 17, therehy re 
stricting the cross-sectional area of the an 
nular vaporizing chamber reducing the 
thickness of the air stream and increasing 
or maintaining the velocity accordingly. 

. This 13 done by manipulating the rod 29 by 
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65 

means of its bell crank and link connections 
59, shown in Fig. 1. When the supply de 
vice. 10, has been properly adjusted, the op 
eration of the engine may be controlled in 
this way and the velocity of the air current 
maintained at the desired high rate As an 
alternative method, substantially the same 
effect may be produced by providing two or 

This tendency may be corrected by 
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more vaporizing chambers, such as 15, ar. 
ranged in multiple instead of series relation 
and by a proper valve cutting out one or 
more of them as the engine decelerates. In 
this case the vaporizers are arranged as in 
dicated in Fig. 8, except that the outlet 
pipes from each vaporizing chamber would 
lead direct to the manifold and each would 
have its own supply device 10. The throttle 
60, by proper adjustment, may facilitate the 
vaporization by causing a lower pressure in 
the vaporizing chamber, although the mov 
able wall 30 will serve as a throttle in its 
stead. . . . 

While we have illustrated in the accom 
panying drawings and described above a 
certain apparatus in which the method 
which is the present invention may be car 
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ried out, we make no claims to this appa 
ratus herein. This apparatus is both dis. 
closed and claimed in our co-pending appli 
cation Serial No. 306430 which is a division 
of the present application. 
We claim: 
1. The method of making combustible 

gaseous mixtures consisting in combining air 
and liquid fuel in predetermined propor 
tions suited for complete combustion of the 
fuel, depositing the liquid as a thin, ex 
tended film, upon a heated surface, and coin 
cidently forcibly removing the vapor from 
Such heated liquid film by advancing the air 
in the form of a stream of high velocity over 
and in frictional contact with the surface 
thereof while maintaining the temperature 
of said film lower than that which decom 
poses the liquid. 

2. The method of making combustible 
gaseous mixtures consisting in combining air 
and liquid fuel in predetermined propor 
tions, depositing the liquid upon an ex 
tended heated surface of progressively, in 
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creasing area, passing the said air as a shal 
low expanding stream over said surface with 
sufficiently high velocity to advance the 
liquid as a thin, spreading film on said sur 
face, and coincidently changing the direction 
of the said high velocity shallow stream. 

3. The method of making combustible gaseous mixtures consisting in directing a 
current of liquid fuel particles and air in predetermined proportions against an ex 

10 

115 

tended heated surface forming a liquid film 
thereon of extended surface area, advancin 
the air as a shallow current over sai 
heated liquid film, thereby forcibly re 
moving the vapor forming thereon, and au 

20 

tomatically maintaining a predetermined 
temperature relation between the heat ap 
plied to said film and the resulting gaseous 
mixture. . 

4. The method of making combustible 
gaseous mixtures for internal combustion 
engines which consists in combining air and 
liquid fuel in predetermined proportiols, 
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advancing such mixture, with a changing di- specification in the presence of two wit 
rection, into and through an extended shal- nesses. 

- low chamber subjected to heat and control- CHARLES E, LUCKE. 
ling the velocity of the air and fuel in said JOHN GOOD. 

5 chamber by controlling the dimensions of Witnesses: 
the said shallow chamber. K. L. GRANT, 
In testimony whereof, we have signed this G. A. TAYLOR. 


