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This invention relates generally to heating ap-
paratus and in particular to heating apparatus
“of internal combustion type adapted to operate
efficiently with substantially all usual liquid fuels
including fuel oils and oils of like characteristics.

An object of this invention is to provide im-
broved heating apparatus of internal combus-
tion type.

A further object of this invention. is to provide
improved means for preparing a combustible fuel
oil mixture and efficiently burning the same in a
heater apparatus of internal combustion type.

Another object of this invention is to provide
improved liquid fuel conditioning means.

Yet another object of this invention is to pro-
vide electrically operated heating apparatus of
internal combustion type for operating with fuel
oil, in which at least a portion of the fuel is va-
porized prior to burning by means including elec-
trical heating means of low current drain, and
all of the fuel is ignited for burning lpy high fre-
quency ignition means capable of producing elec-
trical discharges of high intensity.

A further object of this invention is to provide
a preassembled fuel conditioning unit which is
simple and rugged in construction, comprised of
but a relatively small number of parts and capable
of forming a vaporous air and fuel mixture for
burning at a substantially atmospheric pressure.

A feature of this invention is found in the pro-
vision of liquid fuel conditioning means in which
a hermetically sealed electrical unit is utilized to
condition the fuel for intimately mixing with
combustion air.

Another feature of this invention is found
in the provision of fuel conditioning means in
which fuel and air are introduced together at one
end of an elongated walled portion for travel
therethrough together and in a heat exchange
relation with heating meang capable of vaporizing
the fuel for mixing with the air, to. provide a
vaporous mixture of substantially uniform qual-
ity at the opposite end of the walled portion.

A further feature of this invention is found in
the provision of g fuel conditioning portion in
which air is supplied in g confined space about a
combination fuel carrying and heating means
adapted to vaporize the fuel for mixing together
with the air. .

Further objects, features and advantages of
this invention will become apparent from the fol-
lowing description when taken in connection with
the accompanying drawings in which:

Fig. 1 is a longitudinal sectional view of the
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supplied within the
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heater apparatus of this invention, the combus-
tion chamber for the heater apparatus: being
shown in devclopment for the purpose of clarity;

Fig. 2 is a longitudinal sectional view showing
in detail the construction of the liquid fuel con-
ditioning means illustrated in Fig. 1;

Fig. 3 is an elevational detail view taken along
line 3—3 in PFig. 2 of 4 supporting member em-
bodied in the construction of the fuel condition-
ing means in Fig, 2;

Fig. 4 is a transverse
the line 4—4 in Pig, 2;

Fig.5is g fragmentary plan view of a combing-
tion heating and fuel carrying means embodied
in the fuel conditioning means of Fig. 2 taken
along the line §—5 of Fig, 2; :

Fig. 6 is g fragmentary elevational view of a
modified form of fuel conditioning means with
parts thereof broken away to show its construc-
ion;

Fig. 7 is a transverse

sectional view taken along

sectional view of yet an-
other form of the fuel conditioning means; and

Fig. 8 illustrates diagrammatically a. control
circuit for the heater apparatus shown in Fig, 1
which is applicable to each of the liquid fuel con-
ditioning means shown in Figs. 2, 6 and 7.

The air heating apparatus of this invention is
illustrated in the drawings adapted for battery
operation so as to be applied to space heating in
8 mobile craft, It is to be understood, however,
that the heater may also be used for space heat-
ing in homes, garages, offices and the like, The
heater apparatus includes a combustion portion

‘having g fuel conditioning means arranged in the

inlet thereof. Air and fuel to be burned are in-
troduced adjacent each other into the fuel condi-
tioning means which includes a casing member
having combination fuel carrying  and heating
means supported in a spaced relation therein,
with the fuel supplied to the conditioning means
being received within the combination means gnd
directed to travel longitudinally thereof in heat
exchange relation with g heating element therein,
The heating element is adapted to heat at least
& portion of the fuel to g vaporizing temperature,
with the vaporized fuel being mixed with air
casing and directed to flow
about the combination means. This mixture is
admitted into the combustion portion to be ig-
nited and completely burned therein,

To accomplish g complete burning of the air
and fuel mixture in the combustion portion there
is provided high frequency ignition Means cg-
pable of producing an electrical discharge of such
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{ntensity that all portions of the vaporized and
unvaporized fuel in the mixture are immediately
ignited, By virtue of this ignition means it is
not necessary that the heating element in the
conditioning means be heated to high tempera-
tures capable of vaporizing all types of fuels which
might be used, so that the electrical energy re-
quired for its operatior can be appreciably re-
duced, to in turn reduce the drain on the battery.
Apart from the reduction in drain of the heating
element on the battery it is well recognized of
course that the life of the heating coil is proionged
by its operation at & low temperature, Thus it is
contemplated in the present invention that the
heating element operate at temperatures from
about 900° F. to 1200° F. to provide a temperature
i{n the conditioning means of from 150° to 200° F.
It is obvious of course that these temperatures
will substantially completely vaporize gasoline
and like fuels, while only partially vaporizing fuel
oils and the like. However, by virtue of the high
frequency ignition means all of the vaporized and
unvaporized fuel portions admitted into the com-
bustion portion are irmediately ignited so that
the heater operates efficiently with all usual liquid
fuels.

Referring to Fig. 1 of the drawings the heater
of this invention is illustrated as having a housing
11 which is divided longitudinally thereof over
substantially its entire length by a partition
member i2 to provide & mechanical compartment
13 and & heating compartment, Within the heat-
ing compartment is & substantially cylindrically
shaped combustion chamber (4, shown in devel-
opment in Fig. 1, which is closed at one end by a
cover plate 16 and at its opposite end by the bot-
tom 11 of & substantially cup-shaped member 18.
The member I8 defines in part an air supply
charber 19 which is in axial alignment with the
combustion chamker (4.

The combustion chamber 4 is divided longi-
tudinally thereof into four axially extending and
connected passages 2la—21d by partition means
922. The combustion chamber inlet 23 and outlet
24 gare formed in the bottom portion 1T of the
member I8 in communication with the passages
21z and 2id, respectively. A fuel conditioning
mesns 10 is located within the fuel inlet 23 with
& portion thereof projecting within the passage
2ia and an opposite portion thereof extended
within the air supply chamber 19. The outlet 24
is provided with a tail or exhaust pipe assembly
96 which projects into the air supply chamber
{9 and outwardly therefrom through the end 21
of the housing {f. Angularly spaced about the
outer wall or body portion of the combustion
chamber and extended axially thereof are heat
radiating fins 28. A sleeve 29 positioned about
the outer ends of the fins 28 forms an gnnular
passage 31 about the combustion chamber {4 for
air to be heated.

The air to be heated is admitted into the pas-
sage 31 through an inlet 32 connecting the pas-
sage with the mechanical compartment 13 and
is circulated through the passage 31 by a fan 33
jocated within the compartment {3 and mounted
on a shaft 34 of an electric motor 36. The com-
partment 3, and the air passage 31 are sepa-
rated from the air supply chamber 19 by & par-
tition member 37T extended transversely of the
housing 10 and having an opening therein adapt-
ed to receive the open end 38 of the cup-shaped
member I8, It is seen, therefore, that the air
supply chamber 18 is defined by the cup-shaped
member (8, the partition member 31 and the end
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97 of the housing 11. Air circulated from the fan
33 is thus confined to travel within the compart-
ment 13 and passage 3§ and is discharged from
the passage 31 through an cutlet 39 which is con-
nected to a space to be heated.

The air supply chamber 9 receives air from
s fan 41 located therein and mounted on the
motor shaft 34 which is journalled in the partition
plate 81 as indicated at 42. An inlet 43 for the
fan 41 is provided in the housing end 21. Itis
thus seen that the fans 33 and 41 are operated
by & common electric motor 36 and are mounted
directly on the shaft 34 thereof.

The motor 36 is also utilized in the operation
of a fuel pump 44 which is illustrated as being
of solenoid type. It is to be understood, however,
that other types of pumps can be used within the
limits of this invention. The breaker assembly
46 for controlling the energization of the pump 44
is operatively associated within the motor shaft
34. Fuel for the pump 44 is supplied thereto from
a suitable source (not shown) through a pipe
41 and is delivered through a pipe 48 to an air
ang fuel delivery nozzle 49 formed as a part of
the fuel conditioning means 19. The pump 44,

~ breaker assembly 46, motor 36 and fan 33 are
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thus all located within the mechanical compart-
ment 13 which is provided with an inlet 81 for
supplying either fresh or recirculated air to the
fan 33 for delivery to the air passages 31.

The fuel conditioning means 19, w.ich is shown
in detail in Figs. 2-5, includes a substantially
elcngated tubular casing or housing member 52
having a substantially closed end portion 53 pro-

. jecting within the air supply chamber 19 and an

open end portion 54 extended within the com-
pustion chamber passage 2fg and in fluid con-
nection therewith. In one embodiment of the
invention the tube 52 has a diameter of about
one inch and is about eight inches long, with its
length being projected substantially equal dis-
tances within the air supply chamber i8 and the
combustion passage 2ia. Longitudinally posi-
tioned in a spaced relation within the casing 52
and substantially coextensive in length therewith

_ is & combination fuel carrying and heating means
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indicated generally as 56.which has one end 51
extended through and supported in the closed
end 53 of the casing 52, and its other end sup-
ported within the casing 52 by a spider member
58. The fuel carrying portion of the combination
means 56 includes an outer sleeve 59 of tubular
form closed at the opposite ends thereof and
having perforations 61 over the upper portion
thereof, as viewed in Fig 2, for a purpose to be
later explained. Theheating portion of the com-
bination means 56 includes an inner sleeve 62 of
tubular form concentrically arranged within the
outer sleeve 59 and retained in a spaced relation
therein by angularly spaced lug portions 63
pumped or punched out in the outer sleeve 59. It
is seen, therefore, that an annular passage 64 is
sormed about the inner sleeve 62 and within the
outer sleeve 59 which is in communication with
the space 66 within the casing 52 through the
perforations 61. In the emhbodiment above men-
tioned the inner sleeve 62 is about one quarter of
an inch in diameter with the lug portions 63 be-
ing adapted to space the inner sleeve about one
sixteenth of an inch from the outer sleeve 59.
Suitably supported in a spaced relation within
the inner sleeve 62 is an electrical heating
unit including an insulating body portion 67 hav-
ing & resistance element or coil 68 wound there-
on. The opposite ends of the inner sleeve 62 are
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entirely closed so as to hermetically seal the re-
sistance coil 68 therein, .'Thus in the operation
of the Hquid fuel conditioning means 10 air and
fuel flowing therethrough is entirely out of con-
tact at all times with the resistance element
68 whereby to provide for its efficient operation
over a prolonged service life. Electrical connec-
tion of the coil 68 into the heater control circuit,
"which will be later explained in connection with
Fig. 8, is made at connection 69 extended axially
from the combination means 56 through corre-
sponding closed ends of the sleeves 59 and 62.

As best shown in Figs. 4 and 5 the outer tube
59 at a portion thereof within the casing 52 and
adjacent the closed end 53 thereof has an en-
larged opening 71 which is flared outwardly so
that parts of the marginal edges of the opening
project beyond the periphery of the tube 59, The
opening 7f is adapted to receive fuel there-
through for travel in the bassage 64 from the fuel
nozzle or delivery means 49, previously noted.

The nozzle 49 is located at the closed end 53
of the casing 52 and is positioned entirely within
the air supply chamber (9. The nozzle is com-
prised of a heat insulating body portion 72
mounted directly on the casing 52 ang having a
Venturi passage 13 therein which is in fluid com-
munication with the air chamber {9 through air
ports 74. A top portion 15 of the nozzle 49 is
constructed of metal and includes s fuel reser-
voir 76 connected with the fuel supply line 48 and
having an elongated cutlet passage 11 for dis-
charging fuel from the reservoir 16 into the
Venturi passage 73.

In the construction of the fuel conditioning
means 10 the casing 52, the sleeve members 59
and 62 of the combination means 56 and spider
member 58 are all constructed of copper or a like
heat conducting material with the casing 52 being
thermally connected with the combination means
§6 through the spider member 58 and the closed
end portion §3. By virtue of this construction and
relative assembly of the fuel conditioning means
10 heat radiated from the resistance coil 68 is
readily transferred to all portions of the com-
bination means 56 and to the casing 52 so as to
heat these parts quickly and to a substantially
uniform temperature. The coil 68 is adapted to
heat the air and fuel mixing means {0 to a tem-~
perature capable of vaporizing at least a portion
of the fuel therein to facilitate its mixing to-
gether with the air therein, with such tempera-
ture in the above noted embodiment being in the
neighborhood of from 150° F. to 200° P. As pre-
viously noted the hody portion 12 of the fuel
injection nozzle 49 is composed of a heat insulat-
ing material. ‘Thus on initial operation of the
fuel conditioning means 18 the dissipation of
heat therefrom through the nozzle 49 is appreci-
ably reduced whereby to accelerate the initial

“heating of the casing 62 and the parts therein to
an optimum temperature,

The fuel delivered to the fuel injection noz-
zle 49 by the pump 44 is directed into the open-
ing 71 of the combination means §6. ‘A portion
of the air for mixing with the fue] enters the
nozzle 49 through the ports 74 therein and travels
with this fuel into the space §6 within the cas-
ing 52. Further air is admitted directly into the
space 68 through apertures 78 in the casing 52
and about the fuel nozzle 49. In the embodi-
ment mentioned above the gir within the sup-
ply chamber 19 is at 5 bressure of about 2 inches
of water while the fuel passing through the Ven.
turi passage 73 into the casing §2 is in substan-
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tially droplet form. It is thus seen that bhoth
air and fuel ‘are supplied to the conditioning
means 10 at low pressures. The fuel thug di-
rected into the opening 11 and in turn into the
passage 64 between the two sleeve portions of
the combination means 66 is heated to at least
& fuel vaporizing temperature, with the vapor-
ized fuel passing through the openings §{ in
the top portion of the outer sleeve 59 for inti-
mate mixing with the air in the space 66. This
mixing is facilitated by the initial turbulence
of the air at the casing end portion 53. 1t is
to be understood of course that the air ang fuel
are both heated within the casing 52 and that
the air is permitted to also pass within the open-
ings 61 for mixing with the fuel vaporized with~
in the combination means 56.

By virtue of the elongated construction of the
casing 52 substantially all of the fuel admitted
within the fuel carrying tube 59 is vaporized for
mixing with the air. The Initial turbulence of
the air at the closed end 53 of the casing 52 is
gradually smoothed out as the air progresses
through the casing 52 toward the open end 54
thereof, so that the resultant air and fuel mix-
ture passing outwardly from the open casing end
54 is of uniform quality with the fuel being dis-
bersed substantially uniform therein, Becguse
of the resistance coil 68 being hermetically sealed
within the inner sleeve §2 no portions of the air
and fuel or air and fuel mixture contact the coil
50 as to impair the heating function thereof or
shorten its operating life. The resultant mix-
ture is ignitedq by high frequency ignition means
19 located at the casing end 54 ang within the
combustion passage 21g and capable of readily .
igniting all portions of the mixture entering the
combustion chamber, By virtue of the high in-
tensity and character of the electrical discharge
across the electrodes or Ignition means 79 it is
unnecessary for the heat applied to the fuel in
the conditioning means to completely vaporize
such fuel. This condition is particularly impor-
tant since it ig readily appreciated that because
of the many fuelg commercially available, a wide
application of the heater would pe appreciably
restricted by special heating requirements for the
fuel conditioning means in accordance with 8
particular fuel to be used in the heater,
although some of the fuels which may be used,
such as fuel oil, may be only partially vaporized
in the fuel conditioning means the resultant mix-
ture of vaporized and unvaporized fuel portions
is instantly ignited so as to be efficiently burned
in the combustion chamber (4,

Since the initial air and fuel mixture entering
the combustion chamber is relatively rich to fa-
cilifate its ignition, supplementary air for com-
bletely burning the mixture is introduced into
the combustion passage 21g through ports 80 pro-
vided in the bottom portion 17 of the cup-shaped
member 18 about the combustion champer inlet
23 and communicating the bassage 2la directly
with the air supply chamber 19, Ag is clearly
shown in Fig. 1 thig supplementary air passes
about the casing 52 and is not mixed with the
air and fuel mixture leaving the cdnditioning
means 10 until after its ignition by the igniting
means 19. Since the air within the air supply
chamber 18 is at about 2 inches of water it is
apparent that combustion proceeds within the
combustion chamber {4 at substantially atmos-
pheric pressure,

In Fig. 8 there ig illustrated a control circuit
for operating the heater apparatus of Fig. 1 from
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a battery B having power lines Li and 1.2, The
motor 36 and associated field coil 81, the heating
coil 68, and the primary P of & transformer T
utilized in a high freguency oscillating system
C for the ignition means 79 are connected in
parallel across conductor g1 and power line L2.
The operation of these parts is initiated concur-
rently by a double throw-switch 82 having one
pole PI arranged to connect conductor 871 with
the line Li. On closing of the switch 82, there-
fore, the motor 36, coil 68 and ignition means
are started together, the pump circuit being re-
tained open through a thermostatic switch M,
which as shown in Fig. 1 is mounted on the ex-
tended portion 57 of the combination means 56
and in thermal connection therewith so as to be
responsive in operation to the heat of the con-
ditioning means (0. Since the air through the
conditioning means 18 from the supply cham-
ber 19 acts to move the combustion gases through
the combustion chamber to scavenge the same,
an initial scavenging action is thus provided to
sweep out any residual fuel vapors in the com-
bustion chamber prior to the admission of fuel
thereto on starting of the heater.

The pump circuit includes & conductor 83, con-
nected with the pole P2 -of the switch 82, the
pole P2 on closing of the switch 82 connecting
the conductor 83 at one end with the power line
1.2. The pump circuit from the conductor 83
includes further the pump 44, breaker assembly
46, conductor 84, a contact arm 85 and hi-metal
contact arm 86, which are nhormally open and in-
cluded in the thermostatic switch M, and the
conductor 81. On a continued energization of
the coil 68 the bi-metal contact arm 86, which is
responsive in operation to the heat from the
fuel conditioning means {8, and in turn to the
heat of the coil 68, moves upwardly, as viewed in
Fig. 8, to initially engage the contact 85 and close
the pump circuit. This engagement of the con-
tacts 85 and 86 occurs when the fuel conditioning
means (0 is heated to at least a fuel vaporizing
temperature. On a continued heating of the fuel
conditioning meang 10 the bi-metal contact arm
86 moves contact arm 85 into engagement with
contact arm 88 in the thermostatic switch M, the
contact 88 being connected through conductor 89
to the power line Li. This engagement of the
contacts 85 and 88 produces no function in chang-
ing the normal operation of the heater apparatus
and serves a purpose which will be later explained.
Thus after closing of the pump circuit by the
thermostatic switch M all parts of the heater ap-
paratus are in operation, which operation is con-
tinued during the normal operation of the heater.

When it is desired to shut the heater off the
switch 82 is opened. This opening of the switch
serves only to stop the operation of the fuel pump
44 by breaking the connection of the conductor
83 with the line L2 at the switch pole P2. How-
ever, by viriue of the thermostatic switch M be-
ing in a position such that all of the contacts 85,
86 and 88 thereof are in a closed position the
motor 36, heating coil 68 and ignition means 79
continue to operate since the conductor 87 is con-
nected through the contacts 895, 86, 88 and con-
ductor 89 with the power line Ll. As the fuel
conditioning means becomes cooled the bi-metal
contact arm 86 moves downwardly as viewed in
Fig. 8 to initially disengage contacts 85 and 88
whereby to stop the operation of the motor 36,
heating coil 68 and ignition means 79. The de-
layed operation of these parts, relative to the
pump 44 provides & scavenging action in the
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combustion chamber and a continued operation
of the ignition means therein to burn any resid-
usal mixture which might be present in the com-
bustion chamber. It is apparent of course that
the continued engagement of the contacts 85 and
86 are rendered ineffective to close the pump cir-
cuit because of the open position of the pole P2
of the switch 82. From the above description of
the control circuit, therefore, it is seen that the
motor 36, heating coil 68 and ignition means 19
are operated together, with the pump 44 being
energized later on closing of the contacts 85 and
86, and that on shutting down of the heater the
pump #4 is initially shut down, with the delayed
operation of the motor 36, heating coil 66, and
ignition means 19 being provided through the
thermostatic switch M.

As hag been explained above the heatfer is ca-
pable of operating effectively with all usual Hquid
fuels regardless of their relative combustibility
characteristics or the degree to which vaporiza-
tion thereof is completed in the conditioning
means 10, by virtue of the high frequency igni-
tion means 19. Referring to Fig. 8 the oscillat-
ing system C including the ignition means 19 has
5 primary oscillating eircuit including a condenser
91, the terminals of which are connected to cor-
responding ends of the secondary S of the trans-
former T. The primary P of the transformer T
ig connected in series with an interrupter I to sup-
ply a pulsating current thereto. The interrupier
I may be actuated from the motor shaft 34 by &
breaker assembly similar to the breaker assembly
46. The transformer T is of step-up type and
capable of producing & voltage of about 5000 volts
in the secondary thereof. The primary ocsillat-
ing circuit includes also & spark gap 92, a primary
winding 93 of an oscillation transformer OT
which are connected in series with the condenser
81 and connected across the terminals of & con-
denser 94, which is also in series with the ele-
ments of the secondary oscillating circuit includ-
ing the secondary winding 96 of the transformer
OT and the discharge electrodes or ignition means
18 which may be the sparking points of & spark
plug. The various elements comprising the cir-
cuit are constructed, of course, according to the
results desired and the spark gap 92 may be of.
any suitable type and may be of the rotary, sta-
tionary or quenched spark type and preferably
adjustable. This spark gap is preferably placed
in series with the other elements of the primary
oscillating circuit and not necessarily confined to
the particular point in the circuit illustrated. It
is seen, therefore, that each of the primary and
secondary oscillating circuits is composed of a
condenser, an inductance, and a spark gap con-
nected in series. The frequency of the secondary
eircuit and hence of the oscillating electrical dis-
charge across the electrodes 79 depends essen-
tially upon the relative characteristics of the con-
denser 81 and the inductance or primary 33. It
is apparent of course that the operation of the
oscillating circuit C is not limited in its applica-
tion to the energy source B but may also be used
in conjunction with a magneto, or a power line
in a manner all as is explained .in detail in ap-
plicant’s Patent 1,710,541, The discharge across
the electrodes 19, is of an intensity such that
any unvaporized fuel particles of gasoline or fuel
oil admitted into the combustion chamber 4 are
immediately ignited for burning. As a result the
high frequency ignition means provides for a
complete burning of all usual liquid fuels, and is
capable of readily igniting all of such fuels even
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when portions thereof have not been completely
vaporized in the fuel conditioning means (0. Ig-
nition means of this type also produces a gener-
ation of ozone about the discharge electrodes 79
which prolongs the life of such electrodes and
further improves the combustion of the fuels ig-
nited thereby. )

A modified form of fuel conditioning means is
shown in Fig. 6 which is similar in many respects
to the embodiment in Fig, 2. Similar numerals
of reference, therefore, will be used to designate
corresponding parts.

Referring to Fig. 6 the conditioning means or
unit 10’ includes a tubular casing 52’ and com-
bination means 56’ positioned within the casing
in a spaced relation therewith, and supporteq at
its end 57’ in the substantially closed end 53’ of
the casing 52’. The outer sleeve 59’ of the com-
bination means 56’ is similar in all respects to the
sleeve 59 in Fig. 2 except that the fuel opening
11 is eliminated and the end thereof at the cas-
ing wall 53’ is open for fluid communication with
the fuel nozzel 49. The fuel nozzle 49 is carried
in the closed end of the casing 52’ in ax‘al align-
ment with the combination means 56’. The inner

_sleeve 62’ is substantially coextensive in length
with the outer sleeve 59’.-but terminates inwardly
of the open end of the outer sleeve 59’ to form a
space 87 within the outer sleeve between the in-
jection nozzle 49 and the end of the inner sleeve
62’. A res‘stance coil 68 is supported in a spaced
relation within the inner sleeve 62’ and is her-
metically sealed therein in all respects similar to
the corresponding varts in Fig. 2. The electrical
connection 69 to the coil 68 for connection with
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the contact 86 of the thermostatic switch M is

extended through the outer sleeve 59’ and the
casing 52’. The thermostatic switch M is mount-
ed in thermal relation with and on the casing
end 53’ of the casing 52’.and adjacent the fuel
nozzle 49. It is seen, therefore, that air and fuel

40

from the nozzle 48 is admitted directly into the .

outer sleeve 58’ for passage therein about the
inner sleeve 62’ to be vaporized by the heat in
these parts. The remainder of the operation of
the fuel conditioning means {8’ is similar in all
respects to the operation of the fuel conditioning
means 10 in Fig. 2 so that a further description
thereof is believed to be unnecassary. It is to be
understood of course that the fuel nczz'e 49 in
Fig. 6 is also located within the air supply cham-
ber 19 with air from the air supply chamber being
- admitted into the casing 52’ through the ports
in the fuel nozzle and through the openings 18’
formed in the casing end 53’ about the fuel nozzle.

In Fig. 7 there is illustrated yet another form
of fuel conditioning means which can ke used in

the heater apparatus of this invention in which

-the fuel conditioning means {0a is adapted to be
operated when arranged in a vertical position.
Thus as shown in Fig. 7 the conditioning means
10a includes an elongated casing or housing mem-
ber 98 of substantiaily L-shape located in the air
supp’y chamber 19 and having a bent portion 98
extended within the ccmbustion passage 21a of
the combustion chamber {4. The combination
fuel carrying and heating means 10} is longitudi-
nally positioned within the stra‘ght portion 95
of the casing 98 and in a spaced relation there-
with. The combination means i81 includes an
outer sleeve or fuel carrying portion 102 integrally
formed on the outer periphery thereof with radi-
ally extending heat radiating elements 103 of
variable lengths, but extended substantially en-

tirely across the space 104 between the sleeve 102
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and the inner periphery of the casing portion 95.

. The tube 102 and in turn the combination means

101 is supported in a spaced relation within the
casing by a spider member having leg portions 106
connected at one end to the casing portion 95
and at their opposite ends to the upper end of the
tube 102, as viewed in Fig. 7. The inner sleeve
107 is fitted within the outer sleeve 102 which is
closed at the opposite ends thereof. The coil
68 is hermetically sealed in a spaced relation
within the inner sleeve, with the connection 69
therefor being extended through the sleeves 102
and {07 and the substantially closed casing end
108 for connection with the contact arm 86 of
the thermostatic switch means M. The thermo-
static switch means is supported on the casing
end 108 and in thermal connection therewith so
as to be responsive to the heat of the fuel condi-
tioning means 10a. The fuel nozzle 49 s also lo-
cated on the casing end 108 adjacent the thermo-
static switch means M and in axial alignment
with the combination means (01. Itis to be Une
derstood of course, that the fuel injection nozzle
49 and the thermostatic switch means M are lo-
cated within the air supply chamber {9.

In the operation of the fuel conditioning means
10¢ in Fig. 7 fuel from the injection nozzle 49 is
introduced into the casing 98 at the upper end
of the combination means {0i. The air is initially
mixed with this fuel through the openings 74 in
the fuel nozzle with further supplementary air
being introduced for mixing with the fuel in the
casing 98 through ports {11 formed in the casing
end 108 about the nozzle 49, The fuel thus ad-
mitted into the casing 98 contacts the combing-
tion means 181 and travels progressively about
the heat radiating portions 103 downwardly of
the combination means and through the casing
98. As the fuel becomes vaporized it is mixed
with the air in the casing 98, which is also heated
by the heat radiating portions 103 so as to be
intimately mixed therewith. Thus a continuous
mixing action takes place over the entire length
of the combination means 10! with the heat
therefrom vaporizing at least a portion of the
fuel for mixing with the air and retaining already
vaporized fuel in a vaporous form. The air
initial'y entering the casing 98 at the end 108
thereof is in a somewhat turbulent state. hut by
virtue of the length of the straight portion 95 of
the casing 98, and the impeding action of the
fins 103 thereon, its turbulence ig appreciably
reduced or smoothed out so that a mixture having
the fuel substantially uniformly dispersed therein
passes outwardly from the casing 98 through the
portion 99 thereof and into the combustion cham-
ber passage 2la to be ignited by the high fre-
quency ignition means 79. By virtue of the ig-
nition means 19 being adapted to produce & high
frequency oscillating electrical diccharge it is
readily apparent that any free particles of fuel
which might pass outwardly from the condition.
ing means 10¢ are immediately ignited for burn-
ing within the combustion chamber {4. Supple-
mentary air for burning is admitted into the
combustion chamber passage 2{a through the
borts 80 arranged about the combustion chamber
inlet 23 as was above described in connection with
Fig. 1. It is to be understood of course that the
control circuit of Fig. 8, including the oscillating
system C for the ignition means 18, is also appli-
cable to the operation of the liquid fuel condition-
ing means illustrated in Figs. 6 and 7.

From a consideration of the above description
and drawings, it is seen that the invention pro-
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vides a heater apparatus of internal combustion
type capable of operating efficiently over & pro-
longed service life, and adapted to utilize liquid
fuels having different combustibility character-
isties without requiring any changes therein. In
other words the efficiency of the heater is sub-
stantially the same when operating on fuels like
gasoline, and fuel oils. To facilitate the burning
of all these fuels which are initially prepared for
burning in an improved Hquid fuel conditioning
means there is provided a high frequency oscil-
lating ignition means which is capable of igniting
elther a completely vaporous air and fuel mixture
or an air and fuel mixture having unvaporized
fuel particles therein. It is to be understood,
however, that other ignition means may be used
in conjunction with the liquid fuel conditioning
means described above. Further although elec-
trical heating means have been particularly de-
seribed as being utilized in the operation of the
fuel conditioning means, it is obvious that other
means may be used for heating the fuel condi-
tioning means such as for example the waste
heat from the engine of a mobile craft with which
the heater is associated. :

Although the invention has been described with
respect to preferred embodiments thereof it is to
be understood that it is not to be so limited since

modifications and changes in the various parts

thereof can be made which are within the full
intended scope of this invention as defined by
the appended claims.

I claim:

1, In fuel conditioning means which includes
an elongated housing member having an open
end and a substantially closed opposite end;
combination heating and fuel carrying means
horizontally supported within said housing mem.
ber and substantially coextensive in length there-
with including an outer casing member having
openings in a top portion thereof, an inner casing
member within said outer casing member and in
a spaced relation therewith, an electrical heating
element. hermetically sealed within said inner
casing member, means mounted at said opposite
end of said housing member for delivering fuel
between said inner and outer casing members,
and means for supplying air within said housing
member at said opposite end for passage there-
through and about said combination means, with
the heat from said electrical element acting on
said fuel and air and vaporizing said fuel for
mixing together with said air, with the length of
said housing member being such that substan-
tially all of said fuel is in & vaporous form and
substantially uniformly distributed throughout

the vaporous mixture prior to the passage of said.

mixture through the open end of said housing
member. .
2. Fuel conditioning means including horizon-
tally positioned elongated housing means having
an open end and & substantially closed opposite
end, combination heating and fuel carrying
means supported in a spaced relation within said
housing means and including a tubular member
substantially coextensive in length with said
housing means, said tubular member being open
at the end thereof which is adjacent the oppo-
site end of said housing means and having open-
ings in the top portion thereof, means supported
in the opposite end of said housing means in co-
axial alignment with said fubular member for
delivering fuel within said tubular member
through the open end thereof, a heating unit
arranged in a spaced relaticn within said tubu-
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said housing means for passage about said com-
bination means, with said heating unit acting to
heat said air and fuel and to vaporize the fuel
for mixing with the said air, with the length of
said housing means and combination means pro-
viding for substantially all of the fuel supplied
to sald tubular member being in & vaporous form
before it passes through the open end of sald
housing means.

3. A fuel conditioning unit for a liquid fuel
burning heater, including a tubular housing
member having an open end, an electrical heat-
ing element extending longitudinally of said
member and substantially coextensive in length
therewith, a first tubular casing enclosing sald
heating element within sald housing member, &
second tubular casing surrounding said first tu-
bular casing and provided with vapor ports over
at least a portion of the surface thereof, means
maintaining said casings in spaced apart rela-
tionship to provide a vaporizing chamber there-
between, means for introducing fuel and air into
said vaporizing chamber at a point adjacent the
end of said housing member which is opposite
sald open end, and means for introducing addi-
tional air into the space between sald second
casing member and said housing member at a
point adjacent sald opposite end of said housing
member. whereby the air is mixed with the va-
porized fuel emanating from said ports during
its passage through said svace and out the open
end of sald housing member.

4, A fuel conditionine unit for a lquid fuel
burning heater, including a2 tubular housing
member having an oven end. an electrical heat-
ing element extendirg longitudirally of sald
member and substantially coextensive in length
therewith. a first tubular casing enclosing said
heating element within said housing member, &
second tubular casing surrounding said first tu-
bular casing and provided with vavor ports over
at least a portirn of the surface thereof. means
maintaining said casings in spaced avart rela-
tionship to provide a vaporizing chamber there-
between, an element formed of heat insulating
material and mounted on said housing member at
the end thereof opposite said oven end. means in-
cluding said last-named element for introducing
fuel and air into said vavorizing chamber at a
point adjacent said ovovosite end of said housing
member. and means for introducing additional
air into the space between said second casing
member and said housing member at a point ad-
jacent, said opnosite end of caid housing member,
whereby the air is mixed with the vapnorized fuel
emanating from said ports during its passace
throuch said space and out the open end of said
housing member.

5. A fuel conditioning unit for a lquid fuel
burning heater, including a tubular housing
member havine an gpen end. an electrical heating
element extending longitudinally of said mem-
ber and substantially coextensive in length there-
with, a first tubular casing enclosing said heat-
ing element within said housing member, a sec-
ond tubular casing disposed within said housing
member and surrounding said first casing, said
second casing having vapor ports over at least a
portion of the surface thereof and being pro-
vided with spaced apart inwardly extending pro-
jections which engage said first casing to main-
tain the two casings in spaced apart relationship
and thus provide a vaporizing chamber there-

78 between, sald second casing also bein? provided



2,418,882

13

with a fuel admission opening through the wall
thereof at a point adjacent the end of said hous-
ing member which is opposite said open end,
- means including a fuel nozzle carried by said
housing member.at a point adjacent said fuel
“admission opening for introducing fuel and air
into said vaporizing chamber through said fuel
admission opening, and means for introducing
additional air into the space between said second
casing member and said housing memkter at a,
point adjacent said opposite end of said housing
member, whereby the air is mixed with the va-
-porized fuel emanating from saig ports during its
" passage through said space and out the open end

of said housing member.,

+‘burning heater, including a tubular housing
. ‘member having an open end, an electrical heat-
" Ing element extending longitudinally of said
- member and substantially coextensive in length
- therewith, a first tubular casing enclosing said
heating element within said housing member, g
second tubular casing disposed within said hous-
. ing member ang surrounding said first casing
“member, said second casing having vapor ports
- 'over at least a portion of the surface thereof and
being provided with Spaced apart inwardly ex-
~ tending projections which engage said first cas-
% ing to maintain the two casings in spaced aparg
“*relationship and thus brovide a vaporizing cham-
“ber therebetween, said second casing also having
*-an open end which is opposite the oben end of
-+ sald housing member, means including a fuel
-i'nozzle carried by said housing member for in-
“froducing fuel and air into said vaporizing
:chamber through the open end of said second
#casing, and means for introducing additiona] air
“into  the space between said second casing and
--.said housing ‘member at a point adjacent said
- 'xopposite end of saig housing member, whereby
~“the air is mixed with the vaporized fuel emanat-
‘ng from said ports during its passage through
‘said space and out the open end of said housing
‘member,
: 7. Puel conditioning means including horizon-
Zally positioned elongated housing means having
- =Openings in the opposite ends thereof, combina-
~tion heating and fuel carrying meang supported
In a spaced relation within said housing means
".+and including a tubular member substantially co-
".7extensive in length with said housing means, said
" ftubular member being positioned in the opening
~+in one end of said housing ang having openings
‘in the top portion thereof, means supported in
isald one end of saiq housing in alignhment with
‘sald tubular member for delivering fuel within
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said tubular member; a heating unit arranged in
spaced relation within said tubular member, and
means for introducing air into said housing means
for passing about said combination means, with
said heating unit acting to heat said air and fuel
and to vaporize the fuel for mixing with said air,
with the length of said housing means and com-
bination means providing for substantially all
of the fuel supplied to said tubular member be-
ing in a vaporous form before it passes through
said housing means to the opening in the end
thereof opposite to said one end.

8. A fuel conditioning unit for a liquid fuel
burning heater, including g tubular housing mem-
ber having an open end, an enclosed electrical
heating element extending longitudinally in said
housing member and substantially coextensive in
length therewith, a tubular casing formed with-
in said housing member ang surrounding said ele-
ment, said tubular casing having vapor ports over
at least a portion of the surface thereof and being
provided with projectiong which engage said en-
closed heating element to maintain 3 fixed rela-
tionship therewith and provide a vaporizing
chamber thercbetween, means for introducing

" fuel into said vaporizing chamber, and means
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for introducing air into the space between said
tubular casing and said housing at the end there-
of opposite said open end, whereby the air is
mixed with vaporized fuel from said ports during
the passage through said space and out the open
end of said housing member. -

HARRY B. HOLTHOUSE.
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