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1

This invention relates to improvements in ap-
paratus for heating and more particularly to air
heaters adapted to use liquid or gaseous fuels.

The principal object of the invention is to pro-

2
oughly ignited. The invention is illustrated in
certain preferred embodiments in the accom-
panying drawings wherein:
Fig, 1 is a vertical sectional view through an

vide improved arrangements and constructions 5 air heater constructed in accordance with this

for heating apparatus of the above character
which so increase their efficiency and capacity
that a large volume of air can be quickly and eco-
nomically heated in a relatively small heater.
The invention includes, as one of its specific
objects, the provision of a liquid fuel burner con-
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structed to provide a plurality of relatively long -

pencil-like flames each of which passes through
a long and relatively narrow passage, for ex-
ample, a metal tube which constitutes a combus-
tion chamber. The said tubes which constitute
combustion chambers are spaced apart to pro-
vide air passages between them and communicate
with similarly spaced return tubes for conduct-
ing the hot products of combustion to the smoke
stack. The object of this construction is to pro-
vide a long path for the flame and for the hot
products of. eombustion so as to insure complete
transfer of the heat to the air passing through
the heater chamber, '
A further object of the invention is to obtain
maximum efficiency in heaters of the above char-
acter by insuring complete evaporation of the
fuel and by preventing condensation thereof. In
this connection, the invention contemplates a
high pressure aspirating device for atomizing the
liquid fuel in connection with means for con-
ducting heat to the atomizing and mixing cham-
bers whereby the heat is utilized to expedite
complete evaporation of the liquid fuel and to
prevent subsequent condensation thereof when
the heater is used in sub-zero temperatures.
Another object is to provide a long flame heater
of the above character in which air sufficient to
support combustion may be preheated and safely
mixed with the vaporized liquid fuel at the point
of vaporization and thereafter passed through a
Venturi passage into a distributing chamber. The
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distributing chamber communicates with the sev- .

eral combustion chambers through nozzle mem-
bers adapted to deliver the vaporized fuel and
air into the combustion chambers at high ve-
locity. The velocity of the fuel introduced is
somewhat greater than the speed of propagation
of the flame. Consequently there is little or no
tendency for the flame to back-fire and burn at
the atomizer or within the distributing chamber.

Another object of the invention is to provide
means for producing a suitable pilot flame for
maintaining a high velocity main flame thor-
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invention. . )

Pig, 2 is a fragmentary sectional view showing
one of the tubular combustion chambers and
illustrating the manner in which the pilot flames
are directed against. a fire ring inserted in the
tube.

Fig. 3 is a fragmentary sectional view taken on
line 3—3 of Fig. 1.

Fig. 4 is a fragmentary sectional view taken on
line 4—4 of Fig. 1. '

Fig, 5 is a view similar to Fig. 1 but {llustrat-
ing a modified construction; and

Fig. 6 is a fragmentary view illustrating s fur-
ther modified form of aspirator whereby the
products of combustion from an internal combus-
tion engine or other fluid under pressure may be
directed through a restricted passage adjacent
the discharge end of an aspirator tube.

Referring first to Figs. 1 to 4; 10 designates a
base portion of an air heater, and {1 the heating
chamber through which the air may be forced
or induced in any suitable manner. In the pres-
ent embodiment, the air is forced through the
heating chamber {1 by means of a fan 12. In-
asmuch as the heater is designed to be portable
and adapted for use in situations where other
motive power may not be readily available, for
example, in rural locations, the fan 12 is operated
by an internal combustion engine 13. In addi-
tion to providing a suitable source of portable
power, the engine I3 also provides a suitable
source of heat which is used in the present com-
bination to expedite the vaporization of liquid
fuel. The liquid fuel, used in the present in-
stance, is high octane gasoline. However, other
liquid fuels may be used if desired.

The fuel pipe {4 leads from a manifold valve
15 to an aspirator 16 located adjacent the en-
trance opening of a Venturi passage 1. Com-
pressed. air from pipe 18 is directed across the
open upper end of the -aspirator pipe 16 to
.atomize the liquid fuel and -carry it into the
heater. The compressed air is preferably fur-- -
nished by a compressor {9 mounted on a support -
20 above the engine. The air compressor is op-
erated by a link belt 20a meshing with a sprocket
21 on the drive shaft 22 of the engine and a
sprocket 23 on the power shaft 24 of the com-
pressor §9. An idler sprocket 25 which is pref-
erably larger than the sprockets 2§ and 23 is posi-
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tioned intermediate the smaller sprockets so as
to support the link belt In & desirable position
relative to the sprockets.

The Venturl passage 17 is surrounded by a
heating jacket 26, the h:at for which is supplied
by the hot exhaust gases from the engine which
enter a hood 27 surrounding the upper portion of
the engine. A pipe 28 leads from said hood to
the heater jacket. The hot gases are exhausted
from the heater jacket through port 29 into a
passage 30 leading to the smoke stack of the
heater. The heat from the internal combustion
engine in addition to heating the atomized fuel
also preheats a quantity of combustion air. This

- combustion air is directed through pipe 31 into

the air chamber 32 surrounding the heater jacket
26 and is mixed with the vaporized fuel as it
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of the fuel is burned in suspension and that por-
tion which strikes the baffle ring 31 is vaporized
by the high temperature at that point so that
there is no lead deposit built up on any member
of the burner. The long pencil-like flames pass
downwardly through the conduits 36 into a lower
receiving chamber 39, This chamber is prefer-
ably provided with a lining 40 of refractory ma-
terial. The flame and/or hot combustion gases
are deflected upwardly by the refractory mate-
rial into tubes 4! leading to the fiue .discharge
passage 80. By providing the two groups of heat-
ing tubes 36 and 41 over which the air is forced

" by fan 12, most of the heat is absorbed by the air
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passes through the venturi 7. In this way the -

heated air assists in further vaporizing the small
particles of gasoline or other liquid fuel as it is
forced into a distributing chamber 33. The vol-
ume of air supplied through pipe 31 may be con-
trolled by means of a valve 318, The distributing
chamber 33 surrounds the stack passage 30 so
that the combustion mixture is maintained rela-
tively hot even in sub-zero weather. A bottom
plate 34 of the distributing chamber 33 is pro-
vided with a plurality of nozzle members 38 which
alien with the longitudinal axis of combustion
chamber tubes 38. These nozzles, however, are
spaced from the upper ends of the tubes so that
the fuel burns a substantial distance away from
the nozzles for the purpose hereinafter explained.
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The said tubes 36 extend across the air chamber

{1 but are spaced apart so that the air from fan
12 will pass between them. They are provided
at their upper ends with dished fire rings 31.
‘The gas jets discharged from the several nozzles
35 into their as<ociated combustinn tubes pass
through the center openings of the fire rings.
Normselly the velocity of the gas from the nozzles
is greater than the rate of propagation of the
flames. In order to provide a satisfactory pilot
flame to ignite the high velocity main flames, the
bottom plate 34 of the chamber 33 is provided
adjacent each of the said nozzles 35 with a serles
of small openings 38 (see Fig. 2). The openings
38 are so arranged that the jets of gaseous mix-
ture discharged therefrom are proiected against
the fire rings 37 positioned in the tubes 36. When
the iets of combustible mixture from the pilot jet
openings 38, associated with a particular com-
bustion tube, strike the fire ring 37 positioned in
. such tube, the jets burn in a turbulent flame
along the unner surface of the ring, for example
as indicated in Fig. 2. In other words, the flames
resulting from the ignited gas jets discharged
from openings. 38, form a whirling ring of fire
along the upper surface of said fire ring. The
high velocity jets of combustible gas discharged
from the nozzles 35 are ignited by the turbulent
pilot flame. The velocity of the main gas stream
is such that the pilot flame is entrained and
drawn downwardly into the combustion tube 36
so as to keep the long high velocity flame ignited
throughout its full length. By reason of the high
velocity discharge of the gas jets for the main
and pilot flames, these flames burn away from
the nozzle openings. This makes it practicable
to use Youid fuels containing lead in the solu-
tion. Otherwise, it would be impractical to use
leaded gasolines or other leaded fuels since the
lead of such fuel has & tendencv to adhere to the
nozzle or other discharge orifice at the point of

_ignition of the gas. Apparently the lead content
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stream, The heat discharged from tubes 41 into
passage 30 serves, as previously described, to
preheat the combustion mixture in the distribut-
ing chamber 33. In order to improve the effi-
clency of the internal combustion engine, a con-
duit 42 leading from the forward end of the
heater casing i directs a stream of heated air
into a hood 43 surrounding the crank case of the
engine so as to heat the lubricating oil in the
crank case during cold weather.

The initial lighting of the pilot flames may be
accomplished by inserting a lighted torch
through a tube 44. The heated air discharged
from the outlet 45 may be conducted to any. re-
mote location by means of rigid or flexible con-
duits 46 as may be desired.

In the modification shown in Fig. 5, the prod-
ucts of combustion from the internal combustion
engine are passed from the exhaust pipe 41
through a filter 48. The filter is composed of
filter material 49 held in a drum 50 by means
of a spiral spring §1 so that the products of com-
bustion will pass through the filter material into
an inner perforated conduit 52, leading to a pres-
sure pipe 53, The pressure pipe 53 directs the
hot products of combustion across the discharge
opening of an aspirator 54 so as to atomize the
liquid fuel and direct it through a Venturi pas- -
sage 55 into a preheating chamber 56. The pre-
heating chamber in this case is heated by the
discharge products of combustion from the main
air heater which pass through passage §7 to
the smoke stack §8. Air in quantities sufficient
to support combustion is mixed with the vapo-
rized fuel as it is forced into the venturi 55. This
air is preheated by means of a hocd 59 surround-
ing the upper end of the internal combustion .
engine. The engine of this modified embodi-
ment is used to operate a fan 60 for directing
forced drafts of air across the relatively long.
narrow combustion tubes 61 and 62 which cor-

respond to the tubes 36 and 41 of the previous
The combustible gas mixture is -

embodiment.
forced from the preheating and distributing
chamber 56 through discharge openings 63 and
into the heater pipes 61 so as to form relatively
long pencil-like flames. The gas for the -pilot
flame is discharged from openings 64 which are
arranged to direct small jets of gas against a
refractory baflle 65 to form turbulent flames 38
similar to the pilot flames described in the previ-
ous embodiment. The pilot flames are entrained
with the main gas jets so as to keep them ig-
nited for their full length.

In order to initially light the pilot flames, an
electric spark plug 66 may be positioned to ig-
nite one of the pilot flames. The other pilot
flames are ignited because of their close rela-
tion to the initially lighted pilot flame,

In Fig. 6 another modification is ulustrated



in which the discharge end of a fuel aspirating
tube 87 is positioned at the throat of a venturi
68, through which the products of combustion
from an internal combustion engine or other
hot gases are discharged so as to vaporize the
aspirating fuel and carry it into a mixing pas-
sage €9 leading to a preheating chamber, for ex-
ample, chamber 33 of Fig. 1 of the drawings.

While the invention is illustrated herein in
connection with certain specific embodiments, it
will be obvious to persons familiar with the art
that further changes in structure may be made
without departing from the spirit of the in-
vention. It will be understood, therefore, that

"~ the present invention contemplates all such
changes in structure as come within the scope
of the appended claims.

I claim:

1. In a heater for burning gaseous fuel having
means deflning a main combustion chamber;
means for delivering a main jet of gaseous fuel
into said combustion chamber at relatively high
velocity so as to form a long pencil-like flame,
means providing a baffle within the main cham-
ber and formed with a central orifice for the said
jet of gaseous fuel, means for delivering a small
high velocity jet of gaseous fuel into impinging
contact with said bafle where it is burned to
provide constant ignition for the main flame,

2. In a heater for burning gaseous fuel having
means defining a main combustion chamber:
means-for delivering a main jet of gaseous fuel
into said combustion chamber at relatively high
velocity so as to form a long pencil-like flame,
means spaced inwardly from the main jet de-
livery means for providing a bafile having an
opening therein through which the main jet is
adapted to pass, means for delivering a small
high velocity jet of gaseous fuel into impinging
contact with said baffle where it is burned in a
turbulent flame and incandescent particles
thereof are entrained with the main jet and car-
ried into the combustion chamber to provide
constant ignition for the main flame.

3. In a heater for burning gaseous fuel having
& main combustion chamber: comprising a tube
of small diameter defining said main combustion
chamber, means for delivering a main jet of
gaseous fuel into said combustion chamber at
relatively high velocity so as to form g long
pencil-like flame, means spaced rearwardly from
the main jet delivery means for providing a baffle
having an opening therein through which the
main jet is adapted to pass, means for deliver-
ing & small high velocity jet of gaseous fuel into
impinging contact with said baffle where it is
burned in a turbulent flame and incandescent
particles thereof are entrained with the main
Jet and carried into the combustion chamber to
provide constant ignition for the main flame.

4. In a heater for burning gaseous fuel having
a plurality of combustion chambers comprising
in each case a tube of small diameter; means
spaced outwardly from the entrance ends of said

"tubes for delivering a main jet of gaseous fuel
into each of said tubes at relatively high veloc-
ity so as to form a long pencil-like flame, means
providing a baffle located inwardly from the en-
trance of each tube and having -an opening
therein to permit the main jet to pass there-
through, means for delivering a small high ve-
locity jet of gaseous fuel into impinging contact
with each said baffle where it is burned in a tur-
bulent flame and incandescent particles thereof
are entrained with the main jet and carried into
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the combustion chamber to provide constant ig-
nition for the main flame.

5. A heater for burning gaseous fuel composed
of vaporized liquid fuel and air, comprising in
combination, n.eans for delivering a mixture of
atomized liquid fuel and air into the heater at
relatively high velocity including an atomizer,
means defining a mixing and distributing cham-
ber in which the atomized fuel is mixed with
combustion air, means for applying heat to said
mixture delivering means to vaporize particles of
the liquid fuel in suspension, a plurality of tubes
providing separate combustion chambers, means
communicating with said mixing chamber for
delivering separate jets of the gaseous mixture
therefrom into each of the several combustion
chambers at relatively high velocity, means pro-
viding a baffle located in each combustion cham-
ber and formed with an open passage for its as-
soclated jet of gaseous mixture, and means de-
fining discharge ports communicating with said
mixing and distributing chamber, each port di-
recting a high velocity pilot jet of gaseous mix-
ture from said mixing chamber against one of
sald bafles which when ignited provides con-
stant pilot ignition at the inlet end of its as-
sociated combustion chamber.

6. A heater for burning gaseous fuel composed
of vaporized liquid fuel and air, comprising in -
combination, means for delivering a mixture of
atomized liquid fuel and air into the heater at
relatively high velocity, including an aspirator in-
cluding a fuel discharge member and means for
producing and delivering a high velocity gaseous
stream across said fuel discharge member, means
defining a mixing and distributing chamber in
which the atomized fuel is mixed with com-
bustion air, means for applying heat fo said mix-
ture delivering means to vaporize particles of
the liquid fuel in suspension and to prevent sub-
sequent condensation thereof, a plurality of tubes
providing separate combustion chambers, means
communicating with said mixing chamber for
delivering separate jets of the gaseous mixture
therefrom into each of the several combustion
chambers at relatively high velocity, means pro-
viding bafle surfaces adjacent the inlet ends of
the several combustion chambers, and means de-
fining discharge ports communicating with said
mixing and distributing chamber, each port di-
recting a high velocity jet of gaseous mixture
from said mixing chamber against one of said
baffle surfaces which when ignited provides con-
stant pilot ignition at an inlet end of one of said
tubular combustion chambers. )

7. A heater for burning gaseous fuel com-
posed of vaporized liquid fuel and air, compris-
ing in combination, means for delivering a mix-
ture of atomized liquid fuel and air into the
heater at relatively high velocity, including an
aspirator including a fuel discharge member
and means for delivering a high velocity gaseous
stream across said fuel discharge member, means
defining a mixing and distributing chamber in
which the atomized fuel is mixed with combustion
alr, means for applying heat to said mixture
delivering means to vaporize particles of the
liquid fuel in suspension and to prevent subse-
quent condensation thereof, a plurality of tubes
defining combustion chambers, means communi-
cating with said mixing chamber for delivering
separate jets of the gaseous mixture therefrom
Into the several combustion chambers at rela-
tively high velocity, means providing a baffle ad-
Jacent each said jet of gaseous mixture, means
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defining discharge ports communicating with
said mixing and distributing chamber for direct-
ing high velocity jets of gaseous mixture against
said baffles which when ignited provides constant
pilot ignition at the inlet ends of the tubular
combustion chambers, means defining an exhaust
heat chamber for supplying additional heat to
the gaseous mixture within said distributing
chamber, and tubes communicating with the
tubular combustion chambers for directing hot
gases of combustion into said exhaust chamber,

8. A heater for burning gaseous fuel composed
of vaporized liquid fuel and air, comprising in
combination, means for delivering a mixture of
atomized liquid fuel and air into the heater at
relatively high velocity, including an aspirator
including a fuel discharge member and means
for delivering a high velocity gaseous stream
across said fuel discharge member, means defin-
ing a mixing and. distributing chamber in which
the atomized fuel is mixed with combustion air,
means for applying heat to said mixture de-
livering means to vaporize particles of the liquid
fuel in suspension and to prevent subsequent
condensation thereof, a plurality of tubular com-
bustion chambers, means communicating with
said mixing chamber for delivering separate jets
of the gaseous mixture therefrom into each of
the several combustion chambers at relatively
high velocity, means providing ‘a baffle adjacent
each said jet of gaseous mixture, means defining
Gischarge ports communicating with said mixing
and distributing chamber for directing high ve-
locity jets of gaseous mixture against said baffles
which when ignited provides constant pilot. ig-
nition at the inlet ends of the tubular combus-
tion chambers, means deflning an.exhaust heat
chamber for supplying additional heat to the
gaseous mixture within said distributing cham-
ber, tubes communicating with the tubular com-
bustion chambers for directing hot gases of com-
bustion into said exhaust chamber, means for
passing air to be heated into contact with the
outer surfacds of said tubes, and a conduit for
directing a portion of said air to the inlet end of
said mixing chamber. g

9. In a heater for burning gaseous fuel com-
posed of vaporized liquid fuel and air comprising
in ccmbination, means defining a combustion
chamber, means defining a mixing chamber, an
aspirator nozzle for delivering atomized liquid
fuel into said mixing chamber, an internal com-
bustion engine and means connected therewith
for supplying combustion air to said mixzing
chamber, and means for directing hot products
of combustion from the engine to said aspirator

(1]
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nozzle, whereby said hot exhaust gas is utilized
to atomize the ligquid fuel and to preheat the
same, .

10. In a heater for burning gaseous fuel com-
posed: of vaporized liquid fuel and alr comprising
in combination, means defining a combustion
chamber, means defining & mixing chamber, an
aspirator nozzle for delivering atomized liquid
fuel into said mixing chamber, an internal com-
bustion engine and means connected therewith
for supplying combustion air to said mixing
chamber, and means for -directing hot products
of combustion from the engine to sai? aspirator -

nozzle, including a conduit leading from the en-

gine exhaust port to sald nozzle and a gas
strainer interposed in saild conduit, whereby said’
hot exhaust gas is utilized to atomize the liquid
fuel and to preheat the same. -

11. In a heater adapted to burn gaseous fuel
and having relatively long tubes defining sepa-
rate combustion chambers of small diameter,
means spaced outwardly from the inlet ends of -
the tubular combustion chambers for directing
jets of gas into said chambers at a velocity
greater than the rate of propagation of the flame,
a fire ring positioned inwardly from the entrance

end within each tubular combustion chamber,

means for directing small jets of the gas into
impinging contact with each fire ring to provide
a turbulent pilot flame along said fire ring so as
to maintain separate pilot flames for the- first
mentioned jets. v .
‘ ALICK CLARKSON.
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