
July 5, 1938. C. A. FRENCH 2,122,684 
WAPORIZING RELATIVELY HEAVY oILs 

Filed Nov. 1, 1935 3. Sheets-Sheet 1 

62 

-4 
2. 

  



July 5, 1938. C. A. FRENCH 2,122,684 
WAPORIZING RELATIVELY HEAVY OILS 

Filed Nov, l, 1935 3 Sheets-Sheet 2 

S 
2.2. 5. % 

a 

Y 
C4 2 A. 

Z 

  

  

  

  

    

  

  

  



July 5, 1938. C. A. FRENCH 2,122,684 
WAPORIZING RELATIVELY HEAVY OLS 

Filed Nov. 1, 1935 3. Sheets-Sheet 3 

S 2 VVVasa PAA Far Wave vervaaraa AAA AAAAAA S 

3. 
3. Araziz a 

2 

243 SYS, 'S 
SQ 2 S. 8 & XX S 

Sn SS 

al a 4777A AAVYVAYVV 2 

    

  



5 

10 

5 

5 

() 

5 

Patented July 5, 1938 

UNITED STATES 

2,122,684 

PATENT OFFICE 
2,122,684 

WAPORIZING RELATIVELY HEAVY OLS 

Charles A. French, Riverside, Ill., assignor to 
Mark C. Bates 

Application November 1, 1935, Serial No. 47,910 
19 Claims. 

My invention relates in general to the vapori 
Zation of liquid fuels and forming combustible 
gaseous mixtures therefrom. It relates more in 
particular to the vaporization of relatively heavy 
hydrocarbon liquids preliminary to burning the 
Sale. 
In the burning of relatively heavy liquid fuels, 

whether for the primary purpose of deriving heat 
therefrom or in the operation of internal com 
bustion engines of any of the usual types, con 
siderable difficulty has been encountered, prin 
cipally in that air is not brought into such inti 
mate contact with the fuel during burning as to 
obtain Satisfactory efficiencies and complete blue 
flame combustion. For purposes of analysis, the 
burning of the relatively heavy hydrocarbon 
fuels, the function in which I am most interested 
in the present invention, will be considered. 

It is known that fuels heavier than kerosene, 
particularly fuels of the grade of so-called No. 1 
furnace oil and heavier, do not burn well in or 
dinary "oil burners'. It is very difficult to ob 
tain any flame other than a smoky, radiant 
flame Which will deposit carbon on surfaces with 
Which the flame or hot gases therefrom come in 
contact. Such flames are not readily controlled 
and are objectionable from many standpoints, 
particularly where accurate control of tempera 
ture or furnace atmosphere is desired. Substan 
tially perfect combustion, evidenced by an essen 
tially neutral furnace atmosphere, has been con 
sidered substantially impossible of attainment 
With Such fuels. 
Attempts have been made to obviate the dis 

advantages of direct burning of relatively heavy 
fuel oils by preliminarily vaporizing such fuels and 
Subsequently burning the vapors either by pre 
commingling the vapors with air or effecting the 
combination at the burner orifice. Methods 
heretofore employed for vaporization of rela 
tively heavy liquid fuels, that is, those heavier 
than kerosene, have not been satisfactory. Wa 
porization of the fuel and the utilization of the 
resulting vapors require Some metering device or 
method whereby the amount or character of 
vapor delivered to a manifold can be controlled. 
This has been accomplished in the past by meas 
uring or metering the liquid fuel as it has been 
delivered to a vaporization chamber. This prin 
ciple has very serious disadvantages, principally 
because the viscosity of a relatively heavy hydro 
carbon fuel changes greatly With change in ten 
perature, and change in visCOSity requires a cor 
rection in the measuring orifice or valve through 
which the liquid fuel is delivered. The relatively 

(C. 48-213) 

small volume occupied by the liquid fuel also 
complicates the problem of measurement, as a 
relatively Small volumetric error as applied to the 
liquid is translated into a relatively high percent 
of error When the liquid has been vaporized. 
Methods of vaporization employed in the past 

have utilized hot surfaces which contacted the 
liquid fuel Or have resulted in the proximity of 
hot surfaces of metals to said fuels, which metals 
acted catalytically and otherwise to cause a 
cracking of the heavy fuel and a consequent dep 
osition of carbon in and around the vaporiza 
tion chamber and conduits leading therefrom. 
Employment of radiant heat, hot conducting Sur 
faces, and the like, seem to produce a chemical 
action resulting in the objectionable formation 
of carbon to which reference has been made. 
When I refer to heavy liquid fuels, or relatively 

heavy liquid fuels, or relatively heavy hydrocar 
bon fuels, or employ similar expressions indi 
cating that the product considered is heavy or 
relatively heavy, whether hereinabove or in the 
following part of this specification, I mean a 
fuel or hydrocarbon having a specific gravity of 
42 Bé. or heavier, unless otherwise indicated; 
and where reference is made to hydrocarbons di 
rectly, it is understood that, so far as the present 
invention is concerned, present commercial "ker 
osenes' and lighter fractions are excluded from 
the class of substances to which my invention 
relates. The relatively light fractions, as a rule, 
volatilize so readily that no unusual vaporiza 
tion problems are involved. 
The principal object of my present invention 

is to provide a method of substantially com 
pletely vaporizing heavy liquid fuels and inti 
mately mixing the vapors therefrom with air. 
Another object is the provision of an improved 

method for metering relatively heavy liquid fuels 
during a vaporization step preparatory to com 
bining the vapors with air. 
Another object is to avoid metering fuel in 

the liquid phase when burning the same. 
Another object is to vaporize relatively heavy 

liquid fuels with a minimum of decomposition, 
and thereby reduce carbonaceous deposits and 
detonation and the troubles ordinarily caused 
thereby. 
Another object is to provide vaporization heat 

in exact proportion to the requirements of heat 
for vaporization. 
Another object is to provide a combustible 

vaporous product at Substantially constant tem 
perature and quality over a wide range of opera 
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2 
tion for a given device With which the method 
may be practiced. 
Another object of this invention is to provide 

combustible gases of different B. t. u, value, with 
in limits, under the control of the Operator. 
Another object is to avoid Condensation SO 

that gaseous fuel only will be delivered to the 
burner or other means utilizing the gases. 
Another object is to provide a constant ratio 

of fuel to air in any quantity required by a 
burner or other device utilizing the same. 
Another object is to burn relatively heavy hy 

drocarbon fuels with a clear, transparent, soot 
less, blue flame. 
Another object is to vaporize relatively heavy 

hydrocarbon fuels and combine the vapor with 
air in such proportions and in Such a manner 
that the products of combustion of Said Wapors 
and oxygen content of the air are Substantially 
only carbon dioxide and Water. 
Another object is the provision of a vaporized 

product from relatively heavy fuel Which can 
be used instead of conventional Supplies of gas 
for many purposes, can be piped short distances, 
and can generally be controlled in the manner 
in which gas is controlled. 
Another object is to so surround each molecule 

of fuel vapor with hot inert gas that it will in 
mediately be swept out of contact with the liquid 
fuel, and initial condensation and cracking Will 
be greatly retarded or entirely avoided, and the 
vapor thereafter can be conveyed through a 
manifold at a much lower temperature without 
appreciable condensation. 
Another object is to provide a gaseous prod 

uct that burns with the same type of clean, blue, 
non-radiant, sootless flame as premixed natural 
or Water gas, and which has a lower hydrogen 
content, making it valuable for metallurgical, 
ceramic, and drying processes where Water War 
pors in furnaces must be kept at a minimum. 
A further object is to provide a more efficient 

method for burning heavier fuels. 
A still further object is to provide a method 

of and means for effecting the non-destructive 
vaporization of hydrocarbons heavier than kero 
See, 
The objects of the invention as above set forth 

and other more specific objects are accomplished 
generally by maintaining an excess of fuel at the 
point of vaporization thereof and passing into 
intimate contact with said excess of fuel, hot 
inert gases of substantially complete combus 
tion and constant composition, controlled in a 
manner illustrated more in detail hereinafter. 
The amount of fuel vaporized and the amount of 
fuel vapor produced is proportional to the 
amount of hot gases Supplied (these gases being 
of constant quality); that is to Say, for a given 
amount of heat as the Sensible heat of hot inert 
gases of constant temperature, the Same amount 
of vapor is always produced. Therefore, instead 
of metering or measuring the liquid fuel, the 
amount of vapor produced is controlled by me 
tering the hot gases brought into contact with 
the fuel, whereby the difficulties attending the 
metering of the liquid fuel are eliminated. 
The hot inert gases employed to vaporize the 

hydrocarbon fuel are Supplied in several ways, 
the only requirement being that the proportion 
of Such hot gases be controllable in order to per 
mit control of the amount of vapor produced. I 
nay, for example, withdraw a definite portion 
Of the Vapors and burn the same in a pilot burn 
er With a quantity of air sufficient for Complete 

2,122,684 
combustion, and then deliver all of the products 
of combustion from Said pilot burner to the Wa 
porization chamber. I may also combine the wa 
pors produced in the Vaporization chamber With 
a fixed proportion of air, burn the same in a main 
burner, and withdraw a fixed proportion of the 
hot products of combustion of the main burner 
for delivery to the vaporization chamber. 
The method described may be practiced with 

many different types of equipment which may be 
modified considerably. The three types of de 
vices illustrated show three embodiments of the 
invention which secure the objects described and 
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employ the general features of the invention 
pointed out. The general steps of the method 
will be described more in detail after description 
of the devices With Which the method can be 
practiced, said devices being shown in the ac 
companying drawings, Wherein 
Fig 1 is a Sectional view somewhat diagram 

matic illustrating the essential elements and their 
relative arrangement of a vaporizer and burner 
particularly adapted for high pressure Steam 
boilers; 

Fig. 2 is a croSS Section taken on the line 2-2 
of Fig. 1; 

Fig. 3 is a perspective sectional view showing 
a Vaporizer particularly adapted for internal 
COmbustion engines; 

Fig. 4 is a sectional view, somewhat diagram 

20 

25 

30 
natic in nature, illustrating a modified form of . 
Vaporizer; 

Fig. 5 is a sectional View of a gas and liquid 
Contacting means utilized in the vaporizer shown 
in Fig. 4; and 

Fig. 6 is an enlarged detail view, partly in sec 
tion, showing the Sprayer nozzle section utilized 
in the Vaporizer shown in Fig. 3. 

In the device shown in Fig. 1, the two Walls O 
and i? are Spaced apart to form a combustion 
chamber, Such as shown in my United States 
Patent No. 1466,709. This type of combustion 
chamber is particularly adapted for use in the 
generation of steam for high pressure boilers, as 
illustrated in said patent. Between the walls to 
and , a plurality of spaced annular plates 2 
are arranged to form a burner grating. The 
Stack of plates extends into contact with the 
lower wall, and an opening 3 is formed therein 
for delivering combustible gases to the space 
Within the plates. A fan housing 4 communi 
cates with the lower wall ff, having a flange 
which fits within the opening f3. A transverse 
shaft 5, extending through the fan housing, 
carries impeller blades 6 and a pulley fi by 
which power is transmitted through a belt for 
driving the fan. The fan housing is provided 
With an air intake 8 at its center on one side and 
a combustible gas inlet 9 at its center on the 
other side. 
A conduit 20 communicating with the air in 

take 8, is provided with a damper 2 for regu 
lating the flow of air therethrough. A conduit 
22, communicating with the inlet 9, is provided 
With a damper 23 for regulating the flow of gas 
therethrough. The outlet from the fan, com 
municating with the interior of the grating, is 
provided with a cylindrical member 24 spaced 
from the Walls of the outlet and flanged at its 
upper end to extend outwardly to the plates of 
the grating. The outwardly extending portion is 
Somewhat above the bottom of the stack of 
plates. A damper 25 is positioned in the cylin 
drical member 24 for regulating the flow of gas 
therethrough. The annular space around said 
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2,122,684 
member is at all times in communication with 
the portion of the grating below the outward 
extension on said member. 
A conduit 26 communicates With the lower 

wall adjacent the flame side of the burner 
grating. Said conduit extends downwardly into 
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communication with the vaporization chamber 
27. Said chamber, as illustrated, is a Somewhat 
shallow vessel in which liquid fuel is maintained 
at the indicated level by a float chamber 28 to 
which the liquid fuel may be supplied in any con 
ventional manner. A horizontal partition 29 
in the vaporization chamber directs the flow of 
gases into close proximity to the Surface of the 
liquid. A plurality of heat conducting elements 
30 are mounted in the vaporization chamber and 
extend above the liquid level into close proximity 
to the partition 29. A cylindrical wall 3 Sur 
rounds the conduit 26 in Spaced relation with re 
spect thereto, thereby forming an annular 
chamber. This chamber is in communication 
with the vaporization chamber 27. The partition 
29 is so arranged that incoming gases passing 
through the conduit 26, must pass along the sur 
face of the liquid in contact with the elements 30 
before passing out into the annular chamber 
formed by the wall 3f. The conduit 22, previ 
Ously referred to, is in communication. With the 
chamber formed by the wall 3f. 
A pump 32, illustrated as a gear pump, is con 

nected by an inlet pipe 33 with the bottom of the 
vaporization chamber. A discharge pipe 34, con 
nected with the pump, extends into the vaporiza 
tion chamber and up into the conduit, 26, termi 
nating in a nozzle for spraying the fuel oil. 
The operation of the burner shown in Figs. 1. 

and 2 will be understood from the above detailed 
description. The fan f6 is put into operation, 
whereby suction is created at the center, drawing 
air in through the conduit 20 and gases in 
through the conduit 22 in a ratio determined by 
the Setting of the dampers 2 and 23. The air 
and gases are discharged from the fan into the 
center of the stack of plates forming the burner 
grating, being discharged therefrom in a radial 
direction in flat streams. The suction on the 
conduit 22 draws gases downwardly from the 
flame side of the burner grating through the con 
duit 26, over the heat conducting elements 30 and 
through the annular chamber formed by the con 
duit 26 and the wall 3. As previously stated, the 
liquid fuel may be maintained at the indicated 
level in the vaporization chamber 27 by a con 
ventional float actuated means. In operating the 
device, the gear pump 32 is put into operation, 
whereby fuel is sprayed from the nozzle at the 
upper end of the pipe 34 into the conduit 3. As 
an essential feature in a device of this kind, the 
pump is so constructed and driven that during 
any rate of Operation of the burner a considerable 
excess of fuel is sprayed into the conduit 26, that 
is, more fuel than can be vaporized by the hot 
gases, contacting there with. 
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To initiate operation of the burner and for 
operating at low loads, that is, with the circula 
tion and combustion of a small amount of gas, 
the member 24 is provided in order to: confine the 
combustible gas being Supplied to a small area of 
the grating. With the damper 25 in closed posi 
tion, the discharged gas is delivered from a very 
small area of the burner grating. By utilizing 
this construction, a mixture can be obtained at 
a concentrated point which can easily be ignited 
by any Suitable means. As soon as heat is sup 
plied by actual burning of gases being supplied 

3 
from the lower part of the grating or from an 
independent torch or other means, an increased 
amount of Vaporization takes place in the con 
duit 26, to which a spray of liquid fuel is deliv 
ered. A sufficient amount of combustible gas is, 
therefore, in a short time after ignition available 
for full operation of the burner. The damper 25 
may then be opened and the dampers 2 and 23 
controlled to provide a blue flame combustion, 
which is very desirable in burners of this type. 
The vaporizer particularly adapted for internal 

combustion engines shown in Fig. 3 differs some 
what from the vaporizer for the burner above de 
scribed. In this vaporizer a portion of the hot 
products of vaporization is completely burned to 
supply heat for vaporization. As shown in Fig. 3, 
a conduit 35 is provided with a restriction 36 
which forms a Venturi throat. Other conven 
tional means, such as a volute, fan or System of 
valves, may also be used to provide the suction 
and metering. A throttle valve 37 is positioned 
beyond said Wenturi throat, and a choke valve 38 
is provided at the inlet end of the conduit 35 
ahead of the Venturi throat. A conduit 39, ex 
tending through the wall of the conduit 35, ter 
minates in a nozzle 40 positioned in the Wenturi 
throat. A valve 4 is positioned in the conduit 
39 for a purpose which will be hereinafter de 
scribed. A vaporizing chamber 42 is particularly 
formed to carry out the principle of vaporization 
utilized. A substantially cylindrical bottom por 
tion of the casing forms a receptacle into which 
excess fuel is drained. A fuel reservoir 43 is 
formed integral with the chamber 42 and com 
municates with the bottom thereof. A float con 
trolled inlet valve 44 regulates the flow of fuel to 
the reservoir and maintains the fuel level therein 
substantially constant. A fuel conduit 45 com 
municates With the fuel reservoir and With the 
inlet of a gear pump 46 which is provided with 
suitable driving means. The outlet of Said pump 
communicates with a conduit 47 Which extends 
centrally upwardly into the bottom of the Vapor 
izing chamber 42. A plate 48, connected to the 
top of the conduit 47, extends horizontally there 
from and terminates closely adjacent the Wall of 
the vaporizing chamber, leaving, however, an 
annular opening between the plate and Wall. A 
particular type of nozzle 9 is provided at the top 
of the conduit 47 positioned to discharge a conical 
spray above the plate 8. 
The nozzle 49 is provided interiorly at the 

top of the conduit 47 with a conical chamber 5. 
The conduit 4 and the chamber 5 are connect 
ed by angularly inclined passages 53. AS best 
shown in Fig. 6, the passages 53 are arranged at 
such an angle with respect to the axis of the coni 
cal chamber 5 that the flow of liquid through the 
passages tends to create a whirling movement of 
the liquid within the chamber. A bypass conduit 
50 communicates with the conical chamber at 
the lower side and centrally thereof. Said Con 
duit extends out into the base of the vaporizer 
and is provided with a control valve 52. The 
nozzle 49 is provided with a Small discharge Open 
ing at the apex of the conical chamber 5. 
The top of the vaporizing chamber is flared out 

in the nature of an inverted cone, thereby pro 
viding a suitable space for the conical discharge 
from the nozzle 49. The top of the chamber is 
substantially flat. Centrally of the top, a conduit 
55 extends downwardly into the Vaporizing cham 
ber. Within the chamber, a perforated sleeve 56 
surrounds the conduit in spaced relation there 

5 

0 

5 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

70 

75 



5 

O 

20 

Ard 5 

30 

35 

40 

45 

50 

them combustible in the engine. 

55 

60 

75 

4. 
to, joining the open end of the conduit and the 
top of the chamber. 
The Space formed by said sleeve and the conduit 

55 comprises a lateral passage 57 formed at one 
Side of the conduit 55, to the conduit 39 which 
Communicates with the suction producing Wen 
turi throat previously described. The conduit 55 
is Substantially cylindrical in shape. A member 
58, forming a venturi, is fitted inside said con 
duit at the top thereof. A second member 59 is 
fitted into the conduit above the member 58 and 
is provided With a nozzle portion extending into 
the Suction creating area of the member 58. An 
annular Space formed between the members 58 
and 59 is connected by an opening 60 formed in 
the Wall of the conduit 55 to the passage 57. Said 
Opening is controlled by an adjustable valve 6 
extending outside the casing which, as illustrated, 
makes up the entire device. A spark plug 62 
is inserted in a boss formed at one side of the con 
duit 55. The conduit 55, as will be described in 
connection with the operation of the device, forms 
a combustion chamber. The lower end of the 
Conduit 55 is restricted to form a high velocity 
discharge from the combustion chamber. A 
Spark plug 63 is mounted in a boss formed in the 
top of the chamber 42. 

In the Operation of a vaporizer, as shown in 
Fig. 3, it is to be understood that the conduit 35 
is Connected to the manifold of an internal con 
bustion engine. In starting the vaporizer and 
engine when cold, suitable electric current is fur 
fished to the spark plug 63. The pump 46 is put 
into Operation and a spray is produced in the 
chamber 42 by the nozzle 49. Air may be ad 
mitted through the inlet, 54. Even with a con 
paratively heavy grade of oil, sufficient combus 
tion takes place in the vaporization chamber by 
reason of the spray formed by the nozzle 49 to pro 
duce combustible gases. These gases pass out 
through the perforated sleeve 56, through the 
paSSage 57, the conduit 39, and the nozzle. 40, into 
the Wenturi throat 36. When the device is first 
put into operation, the choke valve 38 is closed 
and the throttle valve 37 is party or all the way 
Opened. The closing of the choke valve 38 puts 
a high Suction upon the nozzle 40 and substan 
tially all of the gases drawn into the engine cylin 
derS come from said nozzle. Although the gases 
first produced are low in heat value, the fact that 
the gases are without dilution with air makes 

AS Soon as some 
Vaporized products are formed and pass up the 
passage 51, a certain portion regulated by the 
needle valve 6 is drawn into the annular space 
formed in the combustion chanaber between the 
Wenturi member 58 and the member 59. These 
gases are thoroughly mixed with the incoming air 
and are discharged with a considerable velocity 
into the combustion chamber. Ignition is sup 
plied to the Spark plug 62, thereby iginiting the 
Combustible gases passing through the conduit 
55. The members 58 and 59 are so related that, 
during normal operation over the entire range 
for which the device is adapted to operate, a sub 
stantially constant ratio of air and combustible 
gas will be drawn into the combustion chamber 
formed by the conduit 55. The proportion is 
Such that a clean blue flame combustion is 
obtained. The hot products of combustion are 
projected through the restricted inner end of the 
conduit 55 into the apex of the conical Spray 
formed by the nozzle 49. The mixture in 36 
may be lean, neutral, or rich, depending upon the 
adjustment of the valve 4, Without affecting the 
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mixture in the conduit 55. An intimate contact 
is thereby obtained between the hot gases and the 
liquid particles of fuel in Suspension. A substan 
tially complete utilization of all the sensible heat 
carried by the hot gases is realized. As previously 
stated, the fuel pump 4G is of a capacity consid 
erably greater than required for any amount of 
fuel ever Vaporized in the chamber 42. This con 
dition is desired as an excess of fuel should be 
Supplied at all times to the vaporization chamber. .. 
The exceSS fuel drains to the botton of the War 
porization chamber and returns to the float bOWI 
where it mixes with the new fuel and is again 
sprayed into the vaporization chamber. By this 
means, at the most only a very Small amount of 
decomposition takes place. 
The vaporized fuel passing out through the 

perforated sleeve 56 projects against the COn 
duit 55 and is Superheated thereby. In this con 
dition the Vapor can be carried a considerable dis 
tance without any appreciable condensation of 
the vapor particles. 
As the quantity of gas becomes somewhat uni 

form, an amount of combustible gas is drawn into 
the Wenturi member 58 proportional to the 
amount of vaporized gases desired. The Com 
plete combustion of this gas, Which is Very uni 

X 

form, qualitatively furnishes the heat for vapori 
zation. By this construction, it Will be under 
stood that there is no metering of the liquid fuel, 
the metering to obtain a constant quality of gaS 
being obtained by the injector action of the men 
bers 58 and 59 and by the adjustment of the 
vapor controlling needle valve 6. This is a Very 
important feature of the invention as there are 
a great many difficulties encountered when at 

O 

tempting to meter liquid fuel when the proportion 
by volume of liquid fuel to the air required of 
combustion is very small, as is the case With the 
fuels which my invention is intended to handle. 
The particular construction of the nozzle 49, as 

previously described, provides a fine spray, par 
ticularly suitable for the purpose of obtaining an 
intimate contact with the hot vaporizing gases. 
Fuel being delivered from the pump 46 through 
the inclined passages 53 produces a Whirling 
movement of the liquid within the chamber 5. 
This results in the discharge of a fine conical 
spray from the edges of the orifice formed in 
the nozzle 49. In order to prevent the building 
up of static pressure in the chamber 5 which 
would reduce the whirling action therein and the 
centrifugal force resulting from the Whirling ac 
tion, the bypass conduit 50 is provided. The 
valve 52 in said conduit provides a means for 
regulating the bypass of fuel from the central 
zone of the conical chamber. In addition to a S 
sisting in maintaining a whirling action in the 
chamber, whereby an appreciable centrifugal 
force is obtained, the removal of a large quantity 
of fuel from the center of the chamber 58 per 
mits the use of a comparatively large Orifice in 
the nozzle 49. 

This is a very important feature in a burner 
of thi? type, which is designed to handle heavy 
fuels. Small orifices are always undesirable 
where such fuels are to be handled as they clog 
much asier and therefore interfere with the op 
eration. of the device. Ordinarily, the use of large 
Orifices with a small quantity of fuel to be dis 
charged therefrom would result in a very coarse, 
narrow Spray. By using the bypass construction, 
a very fine Spray may be obtained from a large 
Orifice With a comparatively small fuel line pres 
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sure and with a small quantity of fuel being dis 
charged. 
The modification shown in Fig. 4 is somewhat 

the same in general construction as the vaporizer 
shown in Fig. 3. By the use of either suction at 
the Outlet end or pressure at the inlet end or, in 
other words, by a pressure differential, air is 
caused to flow through an air inlet 64, a nozzle 65 
Which is Surrounded at its discharge end by a 
Wenturi shaped member 66, and a discharge con 
duit 67. The member 66 is so shaped and ar 
ranged with respect to the nozzle 65 as to set up 
aspirating action in a chamber 66a formed 
around the nozzle by an enlargement on the 

A conduit 68, communicating with 
the chamber 66a, joins said chamber with a 
vaporizing chamber 69. The vaporizing chamber 
is formed in three sections secured together in a 

The uppermost section is 
comparatively small and provides a means for 
connection of the vaporizer to the conduit 68. 
The middle section is cylindrical in form and 
provides the main part of the vaporizing cham 
ber. The lowermost section, in addition to being 
a part of the vaporizing chamber, forms a reser 
voir in which liquid is maintained at the indi 
cated level by a conventional float chamber 70. 
The float chamber is provided with a liquid fuel 
pipe 7 and a balancing conduit 72 for maintain 
ing the pressure above the liquid in the float 
chamber, the same as the pressure in the vapor 
izing chamber. The bottom of the liquid reser 
voir is formed with a flat Surface over which a 
scraping member 73 is adapted to be rotated by a 
crank shaft 74 extending through the bottom of 
the reservoir. A valve controlled draining con 
duit 75 is connected to the bottom of the reser 
WOl. 

A conduit 76 of a Substantial internal diameter 
extends into the uppermost section of the vapor 
izing chamber and centrally downwardly there 
through into the main body of the chamber. A 
cylindrical member 77, connected to the lower 
interior end of the conduit 76, extends below the 
normal level of the liquid in the reservoir and is 
provided with a radially extending flange T8. As 
best shown in Figure 5, the flange 78 is provided 
With a plurality of Small openings which, as illus 
trated, are in the form of radially extending nar 
row slits. This flange, with the openings formed 
therein, provides a bubble plate for intimately 
contacting gases with the liquid in the reservoir. 

In the conduit 6, a Small elbow 9 is formed 
With its interior open and extending toward the 
nozzle 65. Said elbow extends out through the 
conduit 6 and is joined with a T-shaped con 
nection 80. Said connection forms, in effect, a 
mixer for the pilot light or vaporizing flame of the 
device. One end of the T member is connected 
to a discharge nozzle 8 which terminates a short 
distance away from the open end of the conduit 
76. A member 82, threaded on the nozzle 8, is 
adjustable toward and away from the end of the 
conduit 76. A fuel line 83, which may be used 
to conduct any type of fuel, is fitted into the 
third end of the T connection 80. Air or gaseous 
fuel may also be forced in through 83 to lean or 
enrich the flame from 8 in case a modified char 
acter of flame is wanted on the main burner, as 
Will be considered later. 
A valve 84 is mounted in the conduit 68 in a 

position to regulate the flow of gas through said 
conduit. A valve is also mounted in the conduit 
64 and serves as a throttle valve to regulate the 
output of mixture from the vaporizer. 

5 
To operate the form of vaporizer above de 

scribed, air pressure is applied to the conduit 64 
whereby suction is created in the chamber 66a 
around the nozzle. This suction or depression is 
also transmitted to the vaporizing chamber, valve 
84 being open, whereby gases are drawn in 
through the conduit 76 and are contacted with 
the liquid in the reservoir at the bottom of the 
vaporizing chamber by bubbling through the slits 
formed in the bubble plate. Heat in the form of 
hot gases is delivered to the conduit 76 to initiate 
vaporization. This heat may be supplied in any 
suitable manner as, for example, by holding a 
blow torch between the members 76 and 82. How 
ever, as illustrated, it may be supplied by deliver 
ing any readily ignitible fuel, such as gasoline or 
city gas, through the conduit 83 and igniting the 
mixture formed at the end of the nozzle 8 f. The 
member 82 is a shield to prevent air being drawn . 
into 6 after the burner is in Operation. The hot 
products of combustion pass through the outer 
portion of the conduit 76 downwardly through 
the inner vertical portion of said member, 
through the member 77 and out through the 
bubble plate. The intimate contact obtained by 
bubbling the hot gases through the liquid assures 
a substantially complete transfer of the sensible 
heat in the hot gases to the fuel in the reservoir. 
The vaporization continues in the chamber above 
the fuel level with equalization of temperature, 
The unvaporized particles of fuel carried up are 
dropped out in the low velocity Zone formed by 
the large vaporizing chamber and the vaporized 
gas is superheated to a certain extent by contact 
With the member 77 and the conduit 6 as said 
vaporized gas is drawn out through the conduit 
68 into the Wenturi member 66. The valve 84 
regulates the proportion of vapor being drawn 
out with relation to the amount of air supplied 
through the nozzle 65. The vaporized fuel and 
air are thoroughly mixed in the Venturi member 
66 and a portion of said mixture enters the elbow 
79. This combustible mixture is discharged 
through the nozzle 8 and is completely burned 
in the conduit 76. It will, therefore, be under 
stood that, after vaporization has been initiated, 
the necessary heat is supplied by complete Com 
bustion of a portion of the vaporized gaSeS. 
There are several methods of starting vapor 

izers of the type above described, all of which are 
based upon the fact that, if a Small enough 
amount of cold air be brought into intimate con 
tact With enough fuel and immediately removed 
from further contact, an ignitible mixture will 
result with any liquid hydrocarbon at any ordi 
nary temperature. To make such an efficient 
surface carburetor requires a contacting means 
and space that is unduly large for practical pur 
poses, so a compromise is made which, by the use 
of a little heat, permits the contacting means to 
be of reasonable size. 
Any of the following methods may be used: 
1. Air is drawn through the fuel and ignited 

at or above the surface of the fuel, developing 
heat enough to vaporize a portion of the excess of 
fuel present. The vapors, as produced, may be 
mixed with more air and burned in the burner Or 
pilot flame to continue operation. 

2. A more volatile and lighter fuel, Such as 
gasoline, may be used initially in the vaporizing 
chamber and thus permit the burners to be 
lighted in the regular manner without any initial 
heat. The devices may be started on gasoline 
alone or the gasoline may be mixed with the 
regular fuel and the device will operate in the 
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regular manner without any other preparation. 
When operation has been established, the regular 
fuel may be Substituted for the gasoline. 

3. A lighted torch may be held at the pilot or 
gas inlet before admitting fuel to the device. If 
heated While empty, the Vaporizer StartS Oper 
ation when fuel is turned on. This affords more 
rapid starting than other methods, except of 
course the gasoline starting method. 

4. An electric heater may be used to heat either 
the fuel or the air. If the fuel is heated, the 
burner Starts more slowly; if the air is heated, it 
StartS at once. 
In the preferred embodiment shown in Figs. 4 

and 5, where a bubble plate is used for promoting 
more intimate contact between the hot gases 
and the liquid to be vaporized, the bubble plate 
should have a much larger capacity than is nec 
essary for normal operation in order to start the 
burner readily. The slits formed in the bubble 
plate, or other means which night be employed 
to finely Subdivide the heating gases into fine. 
streams whereby intimate contact with the liquid 
is obtained, aSSure an almost complete transfer 
of heat from the gases to the liquid fued. In 
order to start the burner when the liquid is cold 
and when the amount of heat supplied may be 
less than that supplied when the device is in 
Operation, a complete transfer of heat from the 
gaS to the liquid should be assured. This is ob 
tained, as previously stated, by making the bubble 
plate of a larger capacity than necessary for 

- Serious. normal operation in order to get the proper Sur 
face carburetion for starting. 

All three of the devices described herein above 
utilize the same general method and secure, in 
general, Substantially the same results. All of 
them employ a fuel heavier than kerosene, that 
is, having a gravity greater than 43 Bé, and pref 
erably greater than 41 Bé. The combustible mix 
ture in each case may be made to burn with a 
clear, blue, transparent, sootless flame, and the 
products of combustion, once the controls are 
set properly, are substantially only carbon di 
Oxide and water vapor. In either form, a reduc 
ing or oxidizing flame may be produced. There 
are Several features common to each of the 
devices and several terms employed which may 
require further explanation. The devices all are 
capable of uniform operation over a consider 
able range of capacity. While the products of 
combustion employed for vaporization in each 

60 

5 

case are substantially inert, the fuel vapors and 
air may be mixed in such proportions as to pro 
duce either a reducing flame or an oxidizing 
flame; or, stated in another way, either an oxi 
dizing furnace atmosphere or a reducing furnace 
atmosphere. The device being once set for a 
particular type of operation, for example, to pro 
duce a reducing flame at the burner, will con 
tinue to produce the same type of operation over 
its operating range. It will be understood that, 
While only a minimum number of controls is 
shown, additional controls may be employed, par 
ticularly in the device shown in Fig. 4, to increase 
greatly the range of operation as to capacity. 
For reasons made clear his reinafter, neither a 

strongly reducing flame nor a strongly oxidizing 
flame preferably is used at the pilot burner if 
excessive carbon and sludge formation is to be 
avoided in the vaporizing chamber. To produce 
an oxidizing flame, additional air may be ad 
mitted at the burner. If the gaseous mixture 
from which the pilot burner is supplied is too rich 
in oxygen or too rich in hydrocarbon vapors, the 
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character thereof may be corrected. For in 
stance, in the device of Fig. 4, either additional 
air, or an additional supply of gaseous fuel may 
be admitted through pipe 83 to produce a Sub 
stantially neutral pilot flane. 

In each of the modifications shown, approxi 
nately 5% of the Vaporized products are em 
ployed for vaporization purposes. Stating this 
in another way, about 5% of the total heat units 
in the fuel are employed for vaporizing that fuel. 
Referring to Fig. 4, for example, the robber out 
let (9 Withdraws from the Venturi member 66 
about 5% of the combustible mixture passing 
therethrough. 

It has been established that such gases as car 

5 
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bon dioxide and water vapor begin to dissociate 
at temperatures above 1600 degrees F. The per 
centage of dissociation increases rapidly up to 
3800 degrees F., which is the temperature of the 
pilot flame. While I produce substantially per 
fect combustion at the pilot flame in the device 
shown in Fig. 4, for example, at the temperatures 
of the blue flame produced, the gases have a 
definite chemical action due to the dissociated 
H2--O content as well as the CO-O. I control 
the process which I employ, however, so that the 
hot gases of combustion are not brought into 
contact with the excess of fuel until they are 
reduced in temperature to substantially 1600 de 
grees F. For practical purposes, the gases may 
be as hot as 2000 degrees F., because up to this 
point, dissociation is not great enough to be 

The gases should be above 1000 degrees 
F., however, because below this temperature diffi 
culties arise in design of equipment, etc., although 
some results can be obtained. . 
As shown in Fig. 1, the hot gases of combustion 

have some considerable distance to travel before 
coming into contact With the Spray from the 
pipe 34. The conduit 26 is cooled by the rela 
tively cooler vapors passing around it. On their 
way to intake pipe 22. In this form of device, 
there is also considerable expansion of the gases 
of combustion and this produces a very marked 
cooling effect. The result is that When the gases 
come into contact With the - excess of fuel oil to 
be vaporized, they are at about 600 degrees F. Or 
Somewhat lower, depending upon the capacity at 
which the device is being operated. This avoids 
tarring and carbonizing of the portion of the oil 
not vaporized. The gases, however, are well over 
1000 degrees F. when the device is in operation, 
so that an amount of heat ample for vaporization 
is provided. 
The construction, distribution of metal and 

direction of flow of gases is such, in the device 
shown in Fig. 3, as to produce substantially the 
same effect as described in connection with Fig. 
1. In the device of Fig. 3, however, a portion 
of the vaporized products are burned for the sole 
purpose of Vaporizing the remaining portion of 
the products. In this form, the temperature of 
the gases, when they come into contact with the 
excess of fuel Sprayed in cone fashion from the 
nozzle 49, are at about or slightly above 1600 
degrees F. 

In the device of Fig. 4, the gases produced at 
the pilot flame have little opportunity for expan 
sion before contacting the fuel in the -bottom of 
the vaporizing chamber. The distance from the 
pilot burner to the oil Supply, however, is designed 
to permit cooling of the products of combustion 
down to Substantially 1600 degrees F. It is to 
be noted that the hot gases pass through the cen 
ter conduit which is cooled by the rising vapors 
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from the puddle of oil in the vaporizing chamber. 
This has a cooling effect upon the combustion 
gases and also a favorable heating effect upon 
the products of vaporization. 
I have found that if the products of combus 

tion are brought into contact with the body of 
oil While still at a high temperature, by Suitable 
means, such as shortening the pipe 77 shown in 
Fig. 4, the oil will, in a very Short time, become 
tarry and the operation of the device will be sub 
stantially stopped. If the pipe is made too long, 
that is, if the gases are at a relatively much 
lower temperature, there will not be sufficient 
heat to vaporize relatively heavy hydrocarbon 
fuels. 

I described hereinabove that during operation 
and after the starting period, approximately 
5% of the vaporized products are utilized most 
efficiently for the vaporization of the fuel oil. In 
Some cases, as low as 3 or 4% of the fuel may 
be used for vaporization, and, at times, as high 
as 10%. In general, however, the preferred range 
is between 5 and 10%. 

Employing the hot gases of combustion of a 
pilot flame, or of the main burner, for vaporiz 
ing the liquid fuel has several advantages. The 
burned gases, being substantially inert, have no 
chemical or catalytic action which will result 
in carbon or sludge formation, but have a physi 
cal action in Separating the oil molecules as the 
oil is vaporized, particularly after some super 
heat has been imparted thereto. Just above the 
oil level, Some oil particles of relatively large size 
are entrained, but near the top of the vaporiza 
tion chamber less "atomized' particles are pres 
ent and much more oil particles of molecular or 
Substantially molecular size are present separated 
from each other by layers of hot inert gas. This 
Separation of the oil molecules by layers of inert 
gases retards condensation greatly and serves so 
to dilute the vapors as to make possible the com 
plete combustion of the vapors, which has al 
ready been described. When burning heavier 
fuels, by vaporization, this method automatically 
compensates for the difficulties encountered when 
proceeding to employ Successively heavier fuel 
oils through the practical range. Dilution of the 
vapors with burned gases retards condensation 
of the heavier gaS molecules and the increased 

to vaporize the more difficultly Vaporizable, larger 
hydrocarbon molecules. 
The following figures show the effect of modi 

fying the percentage of fuel vapor burned for va 
porization. When employing No.1 furnace oil, 5% 
of the products burned are normally utilized to va 
porize all of the oil burned. When employing this 
oil, 10.95 cubic feet of the products of combustion 
are associated with and employed to vaporize One 
pound of fuel. The mixed gas has a B. t. u. Con 
tent of 1540. If 6% of the products of vaporiza 
tion are utilized for vaporization purposes, the 
amount in cubic feet of vapor associated with 
one pound of fuel is 13.3 and . the gas has a 
B. t. u. content of 1300. When 7% of the vapors 
are employed for vaporization, the vapor of One 
pound of fuel is diluted with 15.7 cubic feet of 
the products of combustion and the gas has a 
B. t. u. content of 1130. Additional figures are 
8%, 18 cubic feet, 1000 B. t. u.'s.; 9%, 20.6 cubic 
feet, 880 B. t. u.'s. In general, not less than 5% 
nor more than 10% of the fuel should be used 
for vaporization. 

It must not be assumed that the process of my 
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invention involves the mere boiling of the fuel to 
vaporize portions thereof. There is no boiling in 
the ordinary sense, the temperature of the excess 
of fuel always being Substantially below the boil 
ing point. As an example, if a fuel having a 
boiling point of 460 degrees F. is employed, and 
vaporized according to the method of my inven 
tion, the maximum temperature of such fuel is 
approximately 390 degrees F. It is, of course, 
understood that a liquid boiling at 460 degrees 
F. has a relatively high vapor pressure at 390 
degrees. By removing the vaporized products 
rapidly with a relatively large amount of hot 
inert gases, in accordance with my method, the 
equilibrium between the, vapor and liquid is de 
stroyed in Such a manner as to favor more rapid 
vaporization. This is not explainable by the 
presence of sub-atmospheric pressure above the 
level of the liquid. Although some loss in pres 
sure is manifest, it is by no means Sufficient to 
explain the extremely rapid vaporization which 
occurs. In all forms of device employed, particu 
larly the form shown in Fig. 4, the products of 
combustion at the point of thorough contact with 
the liquid are permitted to move upwardly, thus 
promoting and facilitating combination with the 
hydrocarbon vapors, which in themselves tend 
to rise. -- 

That the process of my invention is not merely 
one of vaporization by heat equivalent to boiling 
is demonstrable by comparison of carbon residue 
by the two methods. If ordinary No. 1 furnace 
oil be vaporized by direct application of heat to 
the exterior of a vessel in which it is contained, 
the carbon or tarry residue left Will be equivalent 
by weight to approximately 1%% or more of 
the original oil. The amount of residue produced 
when the process of my invention is employed 
cannot be determined accurately, because there 
is not sufficient carbonaceous residue deposited in 
the vaporization chamber to make an accurate 
determination. The closest approximation shows 
that in some test cases under commercial Operat 
ing conditions the residue is only about of the 
order of one to two parts per million parts of oil 
Vaporized. 

I am aware that carburetors for vaporizing 
gasoline have been suggested wherein the ex 
haust gases of an internal combustion engine amount of heat available from a somewhat in 

creased amount of hot gases of combustion serves 
have been passed through a pool of gasoline in 
order to entrain gasoline vapor. This method 
is not entirely satisfactory for carbureting gaso 
line, but is particularly objectionable when heav 
ier fractions are vaporized such as those to which 
ny present invention relates. In the first place, 
the exhaust gases are not uniform in tempera 
ture or pressure as are the gases used in my 
method. Moreover, the exhaust gases from an 
internal combustion engine are not inert but con 
tain relatively large amounts of chemically active 
Constituents. If these burned exhaust gases at 
high temperatures are brought into contact with 
a liquid hydrocarbon, they will produce distinct 
Cracking with a relatively large production of tar 
and carbonaceous residues. If the gases are al 
lowed to cool to a great extent, they will have 
Substantially no effect on relatively heavy fuels. 
They may be employed, however, to vaporize 
gasoline, because it is known that even air at 
ordinary room temperature, if bubbled through 
gasoline, will vaporize the same. Burned gases 
at temperatures of 200 to 300 degrees F. might 
be employed with gasoline with Some increase of 
vaporization, but these relatively low tempera 
tures cannot be employed successfully to vapor 
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ize heavy fuel oils unless the amount of surface 
of fuel oil in contact With the gas is So great as 
to make its use substantially inapractical, and in 
no case could a vaporous product of high B. t. u. 
Value be produced. It is, of course, known that 
Surface carburetion is theoretically possible with 
any liquid fuel: if a. Sufficiently great amount o 
Surface is exposed. : 
Another disadvantage of the method described 

above is that it produces a pulsating flow of gases 
Which substantially prevents satisfactory opera 
tion. If the vaporous mixture produced be con 
Veyed to an open burner, the gases, to burn at 
Such burner, must flow substantially evenly and 
at a uniform rate; otherwise, the burner will be 
extinguished. : More objectionable, however, is 
the fact that a mixing device such as the venturi 
and forcing nozzle combination shown in Figs. 3 
and 4 Will not-function satisfactorily under these 
COInditions. i: - - 

While I may deliver the products of vaporiza 
tion of my invention to an internal combustion 
engine, as shown in one form of the device, this 
may be accomplished in such a way as to avoid 
pulsating flow of gases which would interfere 
with the practice of the method. In this form, 
I entiploy a separate pilot burner with its own 
aspirator, and there is such a damping of the 
pulsations that the incoming air at the pilot 
burner aspirator is substantially uniform and 
constant. - - 

Still another disadvantage of employing an en 
gine exhaust for vaporization is that a low tem 
perature must be enhployed and, as a consequence, 
the vapors of the relatively heavy hydrocarbon 
Will be at a law temperature. Furthermore, there 
Will be little tendency for the air and vapors to 
combine in all proportions and propagation of 
a clear blue flame, where desired, will be sub 
stantially impossible and “complete combustion' 
cannot be obtained. This may be contrasted 
With my device wherein the gases brought into 
contact with the fuel are at a low enough tem 
perature te prevent appreciable dissociation of 
their inert constituents, but at high enough tem 
perature to be avid for moisture (which may be 
oil). The vapor tends to remain in vaporized 
form without condensing and, in addition, the 
gaseous mixture is at a high enough temperature 
so that the vapor substantially follows the gas 
laws. Moreover, the large volume of air is raised 
to a sufficiently high temperature so that the 
resulting mixture will still follow the gas laws 
and a very intimate commingling of all of the 
gaseous constituents obtained. This promotes 
the clear, blue flame combustion which is ob 
tained herein. -- 
In this connection, another feature and ad 

vantage of the present invention should be noted. 
In the burning of hydrocarbons, of the type 
known as No. 1 and No. 3 furnace oil, the pro 
portion of air to fuel is approximately 98 to 99%,. 
It is Substantially impossible, by ordinary meth 
ods, to get a thorough mixing of 1 to 2% of the 
oil with 98 to 99% of the air. By diluting this 
fuel in vapor form with the inert gas, and then 
combining the air under such conditions that the 
entire resulting mixture is at a relatively high 
temperature, much better commingling of the 
products is obtained, even though the products 
might fail to obey the gas laws. In other words, 
the problem of mixing alone is solved by the use 
of the present method. s 
When practicing the method of my invention, 

the B. t. u, content of the gas produced can be 
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modified by changing the area of contact between 
the hot gases and the liquid fuel. In the form 
of device shown in Figs. 1 and 3, for example, the 
character of the spray may be changed; that is 
to say, a relatively fine spray will afford a greater 
contact between gas and liquid and will produce 
a higher calorific value than if a relatively coarsel 
spray is employed. Mechanical : means for 
changing the character of the spray are rela 
tively simple. In the form of device shown in 
Fig. 4, the level of the oil in the vaporization 
chamber may be raised or lowered, the former 
producing a greater area of contact and higher 
B. t. L. value. 
When discussing the B. t. u. value of the gas 

produced, it is understood, of course, that the 
mixture of vapors and inert gases before the 
commingling of air therewith is what is referred 
to. It is obvious that the B. t. U. character of 
the final combustible mixture, under all circum 
stances, will be substantially the same. The 
B. t. u. character of the mixture of combustible 
and inert gases and fuel vapor can also be modi 
fied somewhat by increasing or decreasing the 
proportion of the vaporized products employed 
for vaporization and by changing the tempera 
ture at which they come in contact with the fuel. 
-In Several places hereinabove, I have employed 

the term “excess of fuel' and terms having equiv 
alent meaning. The meaning of this term seems 
to be clear from a consideration of the three forms 
of device shown. In all cases and at all times, 
there is in the vaporization chamber more liquid 
fuel than can be vaporized if all of the available 
heat generated and/or stored by the heat, source 
were used at 100% efficiency to vaporize the fuel. 
As shown in Fig. 1, the sprayed fuel comes into 
contact with the hot gases descending initially 
downwardly through the conduit 26. Not all of 
the sprayed liquid is vaporized, but a portion 
thereof falls back into the puddle maintained 
in the vaporization chamber. In addition, there 
is the puddle in the vaporization chamber pro 
viding an extended surface and a greater propor 
tion of fuel than can be vaporized if all of the 
heat available at any one instant Were employed. 
Indeed, it is obvious that, without Supplying any 
additional fuel, the vaporizing device could be 
operated for some little time and continue to 
function, although, due to the gradual diminish 
ing amount of fuel present, some change in the 
B. t. u. character of the gas would be manifest. 

In the form shown in Fig. 3, more fuel is 
sprayed up through the nozzle than can be va 
porized and this excess falls down and passes 
through the float chamber back into the pump 
46 where it is again delivered to the spray nozzle. 
In the form shown in Fig. 4, there is always a pool 
of oil at the bottom of the vaporization chamber 
69 through which the hot inert gases pass during 
vaporization. It is obvious, therefore, that I en 
ploy the phrase “excess of fuel' in a strict sense 
and my use of an excess of fuel is not to be com 
pared with methods wherein, at a particular Or 
given point or location in a vaporizing device, 
there may be more fuel than is vaporized. 
I have employed the term 'metering' herein 

above to describe the means employed for con 
trolling the amount of vapors produced. The 
metering utilized in the practice of my invention 
is substantially automatic, as will be explained for 
convenience by reference to Fig. 4. s: : 
The mixture of gaseous products and air moves 

through the outlet of the Venturi tube 66 in the 
direction indicated by the arrow. The member 
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79 is in effect an impact pipe and is so arranged 
that, assuming uniform resistance to the passage 
of gas through the member 67 and through the 
outlet of member 79, the proportion of gas pass 
ing through the member 79 will be exactly pro 
portional to the cross-sectional area thereof as 
compared with the cross-sectional area of the 
pipe 67. There are some differences in resistance, 
however, and these being calculated and deter 
mined in part also by test, the impact pipe is ar 
ranged to take a definite percentage of the gases 
passing to the manifold. Assuming this member 
to be designed to withdraw the proper amount of 
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the combustible mixture, then the necessary 
amount of the gases produced will always be 
burned at the pilot burner independently of the 
amount of vapor generated within the limits of 
design of the apparatus employed. In other 
words, by withdrawing a definite proportion of 
the combustible mixture and burning that com 
bustible mixture, the amount of burned gases de 
livered into contact with the fuel and, therefore, 
the amount of fuel vaporized is determined. 
To illustrate the metering principle which I 

employ, reference may also be made to Fig. 1. 
In this form of the device for carrying out the 
method, the amount of vaporous mixture deliv 
ered through the opening 3 need not be con 
trolled accurately for satisfactory operation be 
cause, due to the relative position of the part, any 
proportion of the hot gases of combustion which 
may be required for vaporization may be drawn 
through conduit 26. At any given time, there 
fore, more hot gases are available for vaporiza 
tion purposes than are required. The apparatus 
is designed, however, so that from 5 to 10% of 
the hot gases are withdrawn, even though such 
gases are burned, not in a pilot burner, as in the 
other forms, but in the main burner. This rela 
tionship exists whether the entire burner is be 
ing Operated, Or only the lower section thereof. 
In all cases, therefore, a definite quantity of hot 
products of combustion, proportional to the quan 
tity of fuel evaporated, is drawn into the vapor 
ization chamber from either a pilot flame or main 
burner flame. These products of combustion are 
of essentially constant composition and tempera 
ture, and, therefore, the ratio between the prod 
lucts of combustion utilized and the amount of oil 
vaporized is substantially constant. 
In the form of apparatus shown in Fig. 4, it is 

not absolutely necessary that all of the hot gases 
produced by the pilot burner be delivered to the 
vaporization chamber. In practical operation, 
some Small amount of hot gases are usually forced 
out through the annulus between members 76 
and 82 to avoid any possibility of entraining 
free air which might introduce carbonizing dif 
ficulties if present in appreciable amounts. This 
condition is maintained, usually, when the prod 
lucts of combustion of the pilot burner are sub 
stantially neutral due to the character of com 
bustible mixture withdrawn. 
This relationship, being established, holds 

when the device is operated at varying capacities, 
as further consideration will show. As will be 
explained, no matter how rapidly or how slowly 
vapor is withdrawn (within the capacity of the 
device), the relation of air to vapor will remain 
constant. ASSuming a mixture such as will af 
ford complete combustion, leaving no unburned 
hydrocarbon nor uncombined air, this gas burn 
ing at the pilot burner will always produce the 
same heat per unit volume. For practical pur 
poses, therefore, the products of combustion will 
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always be at the same temperature. This state 
ment disregards the radiating action of metal 
Surfaces, but within comparatively wide limits, 
the. difference in temperature of gases delivered 
to the vaporization chamber is very slight. Since 
the temperature of these gases remains the same, 
the amount of fuel vaporized is purely and nat 
urally proportional to the amount of hot gases 
delivered. This, as previously shown, is pro 
portional to the amount of combustible mixture 
flowing to the manifold and this, in turn, is de 
termined by the amount of gaseous mixture 
burned. 

. This arrangement makes for automatic opera 
tion and stabilization of the process of my inven 
tion when employed with suitable apparatus over 
a relatively wide range of capacities without mak 
ing it necessary to employ any controls whatso 
ever, except those established by the structure of 
the device itself. This is in part made possible : 
by inherent characteristics of the venturi forcing 
nozzle combination which I employ, or the defi 
nite action of the blower shown in Fig. 1. While, 
in the form shown in Fig. 4, air is delivered to the 
forcing nozzle under pressure and the mixture of 
Vapor and inert gases is delivered to the venturi 
around the periphery of the forcing nozzle, the 
reverSe arrangement shown in Fig. 3 in which 
Suction is employed functions in substantially the 
Same Way. 
With this form of apparatus and employing 

normal size equipment, the Suction exerted on 
the vapors is at all times substantially propor 
tional to the amount of air passing the vaporiza 
tion chamber outlet orifice. For example, if, in 
the suction type, one plots absolute pressures on 
the two portions of the ejector and mixer as 
sembly against each other, there is obtained sub 
Stantially a straight line; straight at least Over 
the greater portion of its length; and, assuming a 
relatively small size piece of equipment with per 
fect operating conditions, the curve will be a 
straight line running down to a point where both 
values are zero. Accordingly, in the absence of 
some complicating condition, the proportion of 
air to gaseous mixture remains the same in 
dependently of the output of the device, but, of 
course, assuming its operation within its expected 
capacity. In the form shown in Fig. 4, however, 
with a given body of fuel in the vaporization 
chamber, there is a fixed or constant friction to 
overcome when gases are passed through the 
body of oil, as they must be, unless a partial 
vacuum is to be built up above the vaporization 
chamber, such as to prevent the automatic mix 
ing operation of the air and gaseous products in 
definite proportions. This fixed resistance is 
more manifest in its effect at low velocities than 
at high velocities. To overcome this resistance, 
the damper 84 is operated. In general, it is neces 
sary to operate this damper only when start 
ing, since, within the usual operating range, the 
modifying effect of the fixed resistance of the oil 
can be disregarded. For accurate control of the 
process, the damper 84 can be regulated auto 
matically in response to the combustible mixture 
delivered to a manifold. 
A feature of my invention is that it is unneces 

sary at any time for the liquid fuel to come into 
contact with highly heated surfaces which cause 
the production of tar and carbon. Nor do Such 
products come in contact with a radiant flame, 
which seems to have an undesirable effect by pro 
ducing tarriness and relatively large proportions 
of carbon residue. 
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The fact that highly heated surfaces do not 

come in contact with the oil is clear from a con 
Sideration of the devices with which the method 
is practiced. It is obvious that it is possible so 
to proportion and arrange the vaporization cham 
ber and means for delivering hot gases to an ex 
cess of fuel therein as to avoid local superheat 
ing of the liquid. At the same time, however, 
the inert gases and vapor, which may be termed 
a "vaporous mixture', while being relatively 
Cooler, extract heat from moderately hot sur 
faces in such a manner as to avoid local overheat 
ing in any particular place. It appears that the 
Vaporous mixture may be subjected to much 
higher temperatures without cracking than the 
liquid product. 
My present invention is a continuation in part 

of my prior copending application, Serial No. 
603,491, filed April 6, 1932. 
What I claim as new and desire to protect by 

Letters Patent of the United States is: 
1. The method of vaporizing a relatively heavy 

liquid hydrocarbon fuel which comprises provid 
ing hot gases of substantially perfect combustion, 
Said gases possessing a regulated amount of sen 
sible heat, intimately contacting said gases with 
an excess of the fuel Whereby to Vaporize a por 
tion only of said fuel, and withdrawing the re 
Sulting mixture of vaporized fuel and burned 
aSeS. - - 

2. A method of vaporizing a relatively heavy 
liquid hydrocarbon fuel which comprises provid 
ing in a Vaporizing chamber an excess of Said 
fuel, continually delivering hot inert gases to 
Said chamber into intimate contact with Said 
fuel, continually withdrawing a resulting mix 
ture of inert gases and vaporized fuel from Said 
chamber, and controlling the vaporizing rate by 
regulating the amount of inert gases delivered to 
Said vaporizing chamber. 

3. A method of vaporizing a relatively heavy 
liquid hydrocarbon fuel which comprises provid 
ing in a vaporizing chamber an excess of said fuel, 
Continually delivering hot inert vaporizing gases 
resulting from complete combustion of a portion 
of said fuel to said chamber into intimate contact 
With said excess of fuel whereby to vaporize a 
portion thereof, continually withdrawing the re 

- Sulting mixture of fuel vapor and inert gases of 
complete combustion, and varying the vaporiz 
ing rate With the rate of Withdrawal of vaporiza 
tion products by producing the inert vaporizing 
gases by complete combustion of a predetermined 
percentage of the products of vaporization. 

4. The method defined in claim.3, wherein the 
percentage of the products of vaporization utilized 
for effecting vaporization of said liquid fuel is be 
tween approximately 5 and 10%. 

5. A method of vaporizing heavy liquid hydro 
Carbon fuels which comprises providing hot 
vapors ult said fuel, taking off a metered portion 
of said hot vapors and completely burning Said 
portion with air sufficient for complete combus 
tion whereby to produce substantially inert gases 
resulting from said complete combustion, deliver 
ing the hot inert gaseous products of complete 
combustion to a vaporization chamber, Supplying 
fuel in intimate contact with Said gaseous prod 
ucts in amounts in excess of the amount which 
can be vaporized by the available heat, and with 
drawing the gaseous products of vaporization, Said 
products comprising an intimate mixture of fuel 
vapor and inert combustion gases. 

6. A method of vaporizing heavy fuel oil which 
comprises maintaining a pool of Said oil in a 
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chamber, initiating vaporization of a portion of 
said oil and burning said vaporized oil to effect 
Substantially complete combustion thereof, pass 
ing at least a part of the resulting hot inert gases 
of combustion beneath the Surface of the pool of 
oil whereby vaporization of a part only of Said 
oil is effected proportional to the amount of hot 
inert gases passing therethrough, intimately com 
mingling the vaporized oil with a relatively large 
volume of air to form a combustible mixture, 
withdrawing a minor proportion of said mixture 
and burning it to effect substantially complete 
combustion thereof, the hot gases of said latter 
combustion being utilized to effect the vaporiza 
tion of additional amounts of the oil, the proceSS 
being carried out in a manner Such that there 
is Substantially no direct contact of the liquid oil 
with heated surfaces, whereby deposition of car 
bon is effectually retarded and decomposition of 
the liquid oil is substantially prevented. 

7. A method of vaporizing liquid hydrocarbon 
fuels heavier than kerosene which comprises pro 
viding hot inert gases resulting from the burning 
of combustible material, intimately contacting a 
metered amount of said hot inert gases with a 
quantity of the fuel in excess of that quantity 
which can be vaporized by said metered quantity 
of hot inert gases whereby vaporization of a por 
tion only of the fuel is effected, intimately com 
mingling the vaporized fuel containing Said inert 
gases with a relatively large volume of air to 
provide a combustible mixture, substantially com 
pletely burning at least a portion of said mixture 
to provide a continuous, non-pulsating genera 
tion of hot inert gases of a substantially uniform 
temperature, and utilizing the hot gases resulting 
from said burning to vaporize additional quanti 
ties of fuel, the vaporization being continuous and 
being effected, at least after initiation of the 
process, by the intimate contact of Said hot gases 
and an amount of fuel in excess of that which 
can be vaporized by said hot gases. 

8. A method of vaporizing liquid hydrocarbon 
fuels heavier than kerosene which comprises pro 
viding hot inert gases resulting from the burning 
of combustible material, intimately contacting a 
metered amount of said hot inert gases with a 
quantity of the fuel in excess of that quantity 
which can be vaporized by said metered quantity 
of hot inert gases whereby vaporization of a por 
tion only of the fuel is effected, intimately com 
mingling the vaporized fuel containing Said inert 
gases with a relatively large Volume of air to pro 
vide a combustible mixture, burning at least a 
part of said mixture to provide hot substantially 
inert combustion gases and utilizing said hot 
gases to vaporize additional quantities of fuel, the 
vaporization being continuous and being effected, 
at least after initiation of the process, by the inti 
mate contact of said hot gases and an amount of 
fuel in excess of that which can be vaporized by 
said hot gases, the generation of the hot inert 
gases which effect the vaporization of the fuel 
being continuous and non-pulsating. 

9. A method of vaporizing liquid hydrocarbon 
fuels heavier than kerosene which comprises pro 
viding hot inert gases resulting from the burning 
of combustible material, intimately contacting a 
metered amount of said hot inert gases with a 
quantity of the fuel, in the form of a spray, in 
excess of that quantity which can be vaporized 
by said metered quantity of hot inert gases where 
by vaporization of a portion only of the fuel is 
effected, intimately conningling the vaporized 
fuel containing said inert gases with a relatively 

5 

0 

5 

25 

30 

40 

45 

50 

55 

60 

65 

70 

75 



5 

O 

5 

20 

25 

30 

35 

40 

45 

50 

55 

80 

65 

70 

75 

2,122,684 
large volume of air to provide a combustible mix 
ture, burning at least a part of said mixture to 
provide hot substantially inert complete combus 
tion gases and utilizing said hot gases to vapor 
ize additional quantities of fuel, the vaporization 
being continuous and being effected, at least after 
initiation of the process, by the intimate contact 
of Said hot gases and an amount of fuel in excess 
of that which can be vaporized by said hot gases, 
the generation of the hot inert gases which effect 
the vaporization of the fuel being continuous and 
non-pulsating. \ 

10. The method of providing a combustible 
mixture of air and heavy fuel oil vapor which 
comprises completely burning heavy fuel oil va 
pors with a blue flame in a constant volume space, 
passing the resulting hot inert gases of combus 
tion into intimate contact with a proportion of 
the heavy oil to be vaporized greater than can be 
vaporized by said hot gases, withdrawing the re 
Sulting vapors and commingling said vapors with 
air in proportions to cause substantially complete 
blue flame combustion when ignited. 

11. The method of vaporizing a relatively heavy 
liquid hydrocarbon fuel which comprises provid 
ing fuel oil vapors therefrom, burning a portion 
of Said fuel oil vapors, passing the products of 
combustion therefrom downwardly through a 
closed passageway into intimate contact with an 
exceSS of the fuel to be vaporized, and continu 
ously withdrawing the resulting vapors mixed 
with said hot gases from above the excess of fuel 
So that said vapors admixed with said hot gases 
move upWardly in contact with said passageway, 
said mixture of vapors and hot gases being heated 
by the hot gases passing through said passageway. 

12. The method of vaporizing a relatively heavy 
liquid hydrocarbon fuel which comprises substan 
tially completely burning a portion of said fuel to 
produce substantially inert hot combustion prod 
lucts, Spraying an excess of said fuel into a va 
porization chamber, passing the substantially 
inert hot combustion products resulting from said 
burning into contact with said excess of sprayed 
fuel, whereby to vaporize only a portion of the 
fuel So Sprayed, and to dilute the resulting vapors 
with hot inert gases, and withdrawing the result 
ing mixture of vaporized fuel and hot inert gases 
from Said vaporization chamber, hot gases result 
ing from the burning of at least a portion of said 
vaporized fuel being utilized for vaporization of 
said heavy liquid hydrocarbon fuel. 

13. The method of vaporizing a relatively 
heavy liquid hydrocarbon, which comprises Sup 
plying a regulated amount of heat as the sensible 
heat of hot substantially inert gases of substan 
tially perfect combustion, intimately Contacting 
said hot inert gases while at a temperature be 
tween 1000 degrees F. and 2000 degrees F. with 
an excess of fuel whereby to vaporize only a por 
tion of Said fuel, and withdrawing the resulting 
mixture of fuel vapor and burned gases, at least 
a portion of said fuel vapor being burned with 
substantially complete combustion to supply said 
regulated amount of heat. 

14. The method of vaporizing a relatively 
heavy liquid hydrocarbon fuel which comprises 
maintaining a puddle of said fuel in a vaporizing 
chamber, combining vapors withdrawn from the 
vaporizing chamber with air substantially suf 
ficient for complete combustion, whereby to pro 
duce a combustible mixture, continuously with 
drawing a minor portion of said mixture, burning 
said withdrawn portion. So as to produce a sub 
stantially blue flame, delivering the products of 

11 
said blue flame combustion to said vaporizing 
chamber beneath the level of liquid fuel main 
tained therein, and withdrawing from above said 
puddle of fuel the resulting mixture of fuel va 
por and products of Said blue flame combustion. 

15. The method defined in claim 14, wherein 
said hot products of combustion are permitted to 
cool sufficiently to decrease materially the pro 
portion of dissociated carbon dioxide and water 
vapor contained therein before coming in contact 
With the liquid fuel and wherein said puddle of 
liquid fuel is substantially maintained out of con 
tact with metal surfaces having a temperature 
appreciably higher than that of the liquid fuel 
itself, and passing the vaporized fuel into contact 
with heated surfaces whereby to impart some 
Superheat thereto. - 

16. The method of vaporizing a relatively heavy 
liquid hydrocarbon fuel which comprises substan 
tially completely burning a portion of said fuel 
to produce substantially inert hot combustion 
products, Spraying an excess of said fuel into a 
Vaporization chamber, passing substantially inert 
hot combustion products resulting from said 
burning into contact with said excess of sprayed 
fuel, whereby to vaporize only a portion of the 
fuel so sprayed, and to dilute the resulting va 
pors With hot inert gases, and Withdrawing the 
resulting mixture of vaporized fuel and hot inert 
gases from said vaporization chamber, hot gases 
resulting from the burning of at least a portion 
of said vaporized fuel being utilized for vaporiza 
tion of said heavy liquid hydrocarbon, said inert 
hot products of combustion being at a tempera 
ture between approximately 1000 degrees F. and 
2000 degrees F. when they come in contact with 
the fuel. 

17. The method of vaporizing a relatively heavy 
liquid hydrocarbon fuel which comprises sub 
stantially completely burning a portion of said 
fuel to produce substantially inert hot combustion 
products, spraying an excess of said fuel into a 
vaporization chamber, passing substantially inert 
hot combustion products resulting from said 
burning into contact with said excess of sprayed 
fuel, whereby to vaporize only a portion of the 
fuel So Sprayed, and to dilute the resulting vapors 
With hot inert gases, and withdrawing the result 
ing mixture of vaporized fuel and hot inert gases 
from said vaporization chamber, hot gases re 
Sulting from the burning of at least a portion of 
said vaporized fuel being utilized for vaporization 
of said heavy liquid hydrocarbon, hot inert prod 
lucts of combustion of between approximately 5% 
and 10% of the total vaporization products being 
utilized for vaporizing said fuel. 

18. The method of vaporizing a relatively 
heavy liquid hydrocarbon oil which comprises 
providing in a vaporization chamber an excess of 
Said oil, continually delivering hot inert gases to 
Said chamber into intimate contact with said oil, 
continually withdrawing a resulting mixture of 
inert gases and vaporized oil from said chamber 
at a point above said excess of oil, the vaporiza 
tion rate being controlled by regulating the 
amount of inert gases delivered to said vaporizing 
chamber, delivering the resulting oil vapors to a 
pipe whereby they may be utilized for a suitable 
purpose, the amount of oil vaporized being re 
Sponsive to the amount of such oil vapors utilized. 

19. The method of vaporizing a relatively heavy 
liquid hydrocarbon fuel, which comprises pro 
viding in a vaporization chamber an excess of said 
fuel, continually delivering hot inert vaporizing 
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portion of said fuel to said chamber into inti 
mate contact with said excess of fuel, whereby to 
raise the temperature of the excess of fuel sub 
stantially and to vaporize a portion thereof, pro 
portionate to the amount of gases delivered to 
said chamber and continually withdrawing the 
resulting mixture of fuel vapor and inert gases of 
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complete combustion, the vaporization rate being 
varied with the rate at which the generated Wa 
pors are utilized, and vaporizing gases being pro 
duced by complete combustion of a predeter 
mined percentage of the products of vaporiza 
tion so withdrawn. 

s: CHARLEs A. FRENCH. 


