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2,907,382

FUEL BURNER
Oran T. Mcllvaine, St. Charles, 111,

Original application May 12, 1959, Seria! No. 161,579,
now Patent No. 2,722,180, dated November 1, 1955,
Divided and this application December 31, 1952, Se-
rial No. 328,985

4 Claims. (Cl 158—4)

This application is a division of my application for
Fuel Burners, Serial No. 161,579, filed May 12, 1950,
now Patent No. 2,722,180, granted November 1, 1955.

This invention relates to a new and improved burner,
and more specifically to a burner which utilizes powdered
solids, gas or liquid types of fuel, and which can be used
for power production, as in a reaction motor or as a
heat exchanger.

Heretofore, it has been difficult to obtain a burner
that causes sufficient turbulence of the gases, while burn-
ing, to have combustion of high efficiency, and at the
same time extract the maximum amount of heat from
the burning gases before they go out the stack. In order
to accomplish this, it has been necessary to utilize a
large combustion chamber with a very 1ong gas passage-
way. Such burners were of necessity large and bulky

- and at the best of an overall low efficiency.

One object of this invention is to provide a burner
‘that overcomes these, as well as other, difficulties and
which is small and compact and with a very high
efficiency. o

A further object of this invention is to provide a
burner which sets up an oscillation of both the incoming
air.and fuel at a controlled frequency and thereby causes
the burning gases to scrub against the combustion cham-
ber walls in waves of longitudinal amplitude. .

-’ Another object of this invention is to provide a burner
‘which has a series of baffle plates with restricted openings
in the combustion chamber to cause a high heat transfer
to the surrounding medium.

. Another object of this invention is to provide a burner
‘which produces numerous changes of velocity of the gases
as they pass through the combustion chamber. ’

" These objects are accomplished by utilizing two new
principles: first, by setting up an oscillation of the burn-
ing gases within the combustion chamber; and, second,
by providing a series of baffle plates with restricted
openings or orifices therein along the length of the
combustion chamber.

. In conventional burners there is a limit to the maximum
velocity “that can be reached by gases which make only
‘Ohe pass through the combustion chamber. This velocity
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taken in conjunction with the accompanying drawings,
in which:

Fig. 1 is a longitudinal sectional view of a burner
embodying this invention, as applied to a liquid heat
exchanger;

Fig. 2 is a cross section taken along the line 2—2 in
Fig. 1;

Fig. 3 is a perspective view, partly in section, along
the line 3—3 in Fig. 1;

Fig. 4 is a longitudinal sectional view of another form
embodying this invention, showing a modified arrange-
ment of the fuel pump;

Fig. 5 is a perspective view of the combustion chamber
of the modification shown in Fig. 4, partly in section;

Fig. 6 is a sectional view of the pulsation dampener
in the fuel line;

Fig. 7 is a section taken along line 7—7 of Fig. 1;

Fig. 8 is a longitudinal sectional view of the combustion
chamber of a burner embodying this invention as adapted
to a reaction motor; and :

Fig. 9 is a perspective view, partly in section, taken
along the line 9—9 in Fig. 8.

Turning now to a detailed description of the drawings,
the numeral 16 designates a casing or housing, which
may be of circular cross section, as shown, but it is
understood that it may be of any shape.in cross section

- without deviating from the spirit of my invention. Pro-
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is” dependent upon the pressure of the incoming air, or °

other combustion supporting gas or liquid, and the type
of fuel used. In some instances, the 'velocity is slightly
affected by the type of burner nozzle, but to a limited
extent. In every instance there is a lack of control of
this ‘velocity which is not subject to desired changes.

" 'A further object of this invention is to provide a burner
with a control for changing the velocity of the gases as
they pass through the combustion chamber. :

Another object of this invention is to provide a pump
for the fuel entering the burner that operates from the
vibrating mechanism which sets up the vibration waves
of the burning gases. :

_Other objects and advantages of this invention will
become apparent as the discussion proceeds and when
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vided at one end of the housing 10 is a combined
combustion and heat exchange chamber 11. '

The combustion chamber 11 is provided with a plu-
rality of baffle plates 12 spaced longitudinally therein
and provided with orifices or restricted apertures 13
centrally disposed within the baffles. The orifices 13,
preferably, should be in longitudinal axial alignment.
An exhaust pipe 14 is provided on one end of the com-
bined combustion and heat exchange chamber 11 and,
preferably, should be in axial alignment with the restricted
apertures or orifices 13. !

Surrounding the chamber 11 and securely affixed to
the casing or housing 10 is a fluid tight jacket 15 pro-
vided with a baffle 16 therein, preferably in the form
of a helix or convolution and extending substantially the
length of the chamber 15. Fluid inlet and outlet 17
and 18 are provided in the jacket 15, as shown in Fig. 1.

Located within the chamber 11 and disposed inter-
mediate the ends of the housing 10 is a truncated cone
19 held in inwardly spaced relation within the combined
combustion and heat exchange chamber 11 by means
of radial spacers 26 or the like, interposed between
the periphery of the cone and the inner wall of the
housing 16.

A conventional fuel igniting means 21 is provided
within the cone 19, as shown, for the purpose of igniting
the fuel as it is ejected from.a fuel nozzle 22. The fuel
igniting means may be of any type desired and is here
represented as of the spark gap type.

The fuel nozzle 22 may be of conventional design
and is adapted to operate on either powdered solid, liquid
or gaseous fuel. The nozzle 22 extends into the cone 19
through a throat or opening 23 provided in the small
end of the cone. :

A fuel pipe 24 is connected to the nozzle 22 at one end
and at the opposite end is connected to a pump 25, de-
tails of which will be described later. Fuel is admitted
to the pump by means of an inlet pipe 26. Located in
the fuel inlet pine 26 is a check valve 27, and in the fuel
pipe 24 is a second check valve 28. The check valves 27
and 28 may .be cof conventional design but are here
shown to be of the spring-loaded, ball-seat type.

Air is admitted into the housing 18 by means of a
conduit 29, and is forced into the chamber 11 by means
of a novel and unique system, ‘This system comprises 3
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vibrating diaphragm or plate 3¢ provided with a plu-
rality of elongated apertures or ports 31 therein, as best
shown in Figs. 1 and 2.

The plate 38 is of the same cross-sectional shape as
the housing 19, but somewhat smailer in size. This plate
is suspended therein by means of a flexible member 3%, as
best shown in Figs. 1 and 2. The member 32 entirely
surrounds the plate 3% and is attached at its periphery to
the inner wall of the housing i8 and around its inner
edge to the plate 36, as by spot welding or the like. The
member 32, preferably, should be of metal which yields
readily and has a high resistance to heat, such as beryl-
lium copper or the like, but may also be of some suitable
plastic. The piate 35 may likewise be made as a tight
fitting piston either with or without rings, working within
housing 16 serving as a cylinder. It is not imperative
that the connection between the housing 18 and the plate
30 be in the form of a seal, as the operation of the plaie
390 is more dynamic than static.

Riveted or spot welded along one edge over each of
the ports 31 is a flap or check vaive 34. Each of these
valves 34 consists of a very thin metallic sheet, such as
beryllium copper, “neoprene” or other synthetic or suit-
able material. The valves 34 normally remain in a closed
position covering the poris 31, due to the inherent ten-
sion of the material, but due to their extreme thinness are
sufficiently flexible so as to move into an open position as
shown in Fig. 1, when air moves in a direction indicated
by the arrows from the air inlet pipe 29 toward the cone
19. .

Spaced apart from the vibrating diaphragm or plate 30
but also within the housing 18 and disposed between
the plate 30 and the cone 19, is a stationary plate 36,
which is welded or otherwise secured solidly to the in-
side of the housing 10. The plate 36 is similar to the
plate 3@ and is provided with a plurality of elongated
apertures or ports 38, as shown in Fig. 1. Covering each
of the ports 38 is a flap or check valve 39 which is rivet-
ed or spot welded to the plate 36 in the same manmner
that the valves 34 are affixed to the plate 38. The valves
39 are also of similar construction and material to the
valves 34 and, because of the inherent temsion of the
material, normally remain closed over the ports. These
valves are in the open position shown in Fig. 1, only
when air actually is moving therethrough, as indicated
by the arrows.

Rigidly mounted on the plate 36 is a bracket 40 which,
preferably, should consist of spaced arms 41, as small
as possible so as not to obstruct the flow of air passing
through the elongated ports 31 in the ceater portion of
the plate 30. Upon the bracket 48 is mounted a tubular
member 42 around which a coil of wire 43 is wound, as
shown. The coil of wire 43 is connected to lead wires
44, which in turn are connected to an electrical oscilla-
tion circuit to be described later. A magnet 45 is provided
in the housing 10, as shown in Fig. 1. An opening 46 is
provided in one end of the magnet 45, as shown, and freely
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receéives therein the tubular member 42 around which .

the coil 43 is wound, the walls of which opening 46 are
spaced apart from the coil 43.

A second opening 47 is provided through the magnet
45 and in this opening is mounted a bushing 48. A piston
rod 49 is rigidly attached at one end to the plate 30 and
is slidably inserted through the bushing 48. One end
50 of the piston rod 49 extends into a chamber 51 of the
pump 25. The bushing 48 should be of a friction type
bushing bearing sufficiently tight around the rod 49 to
prevent leakage of fuel therealong but should permit
seepage of a small amount of oil for the purpose of
Jubrication therein.

The operation of this form of the invention may be
described briefly as follows: Amn“electric oscillator pro-
vides: current to the coil 43 by means of connections
44. This oscillator current may be from an ordinary
60-cycle line, or preferably can be of a tube-type oscil-
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lator having its frequemcy manually controlled. The
range of frequency of the osciliator may vary for different
types of fuel, different circumstances and different de-
mands made upon the burner. In many cases frequencies
of super-sonic range may be desired, and the particular
type of oscillator supplying current to the coil 43 in all
cases would govern. Inasmuch as there are many types
of oscillators now on the market which would serve
equally as weil for the purpose intended, no specific show-
ing of such an cscillator is made.

When an osciilating current is passed through coil 43,
this will set up a vibration of the tubular member 42,
which in turn will be translated to the plate 39, thereby
causing the plate 30 to vibrate axially within the housing
i0. As the plate 30 is caused to move toward the com-
bined combustion and heat exchange chamber 11 in its
cycle of vibration, the valves 34 will be closed and air
will be sucked inte the space between the plate 30 and
the magnet 45. At this same time the air will be forced
out of the space between plates 30 and 36 and through
the ports 38, with the valves 39 being in an open position.
This will force air into the chamber 11. )

Air passes into the chamber 13 in two paths: ome
through the opening 23 in the cone 19, and the other
around the cutside walls of cone 19 between the spacers
28. Combustion will take place within the cone 19 just
beyond the terminus of the fuel nozzle 22, but because
of the flow of air around the outside of the cone 19
the cone will be cooled and combustion immediately
around the outside of the cone will be prevented. Fur-
thermore, as the air moves around the outside of the
cone 19 it travels along the inside wall of the combus-
tion chamber 11, thus cooling the gases in this zone and
preventing complete combustion of the burning gases until
they have moved substantially away from cone 19.

As the plate 30 is caused to move in its cycle of
vibration in a direction away from the cone 19, valves
34 will be drawn open and valves 39 closed. Thus, air
will be drawn into the space between plates 30 and 36
until the extreme limit of travel of the plate 30 is reached,
when again the cycle is repeated.

Thus, it will be seen that air and fuel are forced into
thé chamber 11 in pulsations of a frequency determined
by the oscillator supplying current to the coil 43. The
introduction of air into the combustion chamber 11
under pulsations will cause the burning gases to vibrate
Iongitudinally therein and thus “scrub” the heating sur-
faces in a longitudinal motion within the chamber.

The baffle plates 12 further accelerate the scrubbing
action of the burning gases by virtue of the fact that they
cause the direction of movement thereof to change ap-
proximately 90 degrees every time a baffle plate is
reached. As the hot gases pass the length of the com-
bined combustion and heat exchange chamber 11, they
are forced through the restricted openings or orifices 13.
This will cause a change in velocity of the gases in the
chamber and again a further scrubbing action will take
place along the baffles 12, as well as the inside wall of
the chamber 11. This process is repeated through each
successive baffle 12 until the maximum utility of the heat
of the burned gases is obtained and the products of com-
bustion are exhausted through the opening 14.

As the plate 30 is caused to vibrate by the coil 43,
the piston rod 49 is also caused to slide longitudinally
within the bushing 48, and the end 50 of the piston acts
as a pump in the chamber 51, drawing fluid into the
chamber on one stroke and forcing it out of the chamber
through line 24 on the return stroke. This pumps fuel
from the reservoir to the nozzle 22.

The combustion that takes place in the chamber 11
heats the fluid being circulated through the jacket 15,
thereby utilizing the heat of the burner for heating such
fluid, either air or water or other fluid. -

Turning now to a detailed description of another form
of burner embodying this invention, shown in detail in
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¥ig. 4, the housing 10, combined combustion and heat
exchange chamber 11, baffles 12, cone 19, plates 30 and
36, magnet 45 and coil 43 are the same in both forms.
The piston rod 49 is replaced by a tubular conduit 52
which carries the fuel nozzle 22 thereon. . The tubular
conduit 52 is affixed to plate 30 and extends therethrough,
as shown in Fig. 4. Conduit 52 also slidably extends
through a suitable opening provided in plate ‘36
and'carries nozzle 22 thereon, as shown. The tubular
conduit 52 is provided with a spring-loaded check valve
53. The .end of the tubular conduit 52 opposite the
nozzle 22 forms a piston 54.- As the piston 54 recip-
rocates within the chamber 51 of the pump 25, it pumps
fluid through the conduit 52 to the nozzle 22, due to the
displacement of fluid in the chamber 51.

Fuel enters the pump housing 25 by means of con-
duit 26.

Disposed intermediate the ends of the tubular conduit
52 is a pulsation damper 55 which is provided to smooth
out the pulsations in the fluid flow caused by the piston
54. The pulsation damper 55 is in the form of a fluted
or corrugated “Sylphon” type of bellows 56 affixed at
both ends to the conduit 52 by means of plates 57,
shown in detail in"Fig. 6. The “Sylphon” bellows 56
expands in the space 58 between the end plates 57 within
the conduit’ 52." This space is sealed off from the re-
mainder of the hollow portion of the inside of the conduit
and may, if preferred, be open to the atmosphere. It is
also to be understood here that the same type of vibration
dampener may be provided in the tubular member 24
between the nozzle 22 and the check valve 28 of Fig. 1,
if desired. :

The operation of this form of burner is identical with
that shown in Fig. 1, with the exception that the nozzle
22 vibrates with the plate 30, as indicated by the dotted
lines. The principal operation of both the burners of
Figs. 1 and 4 may be described as an electronical air wave
producer, with the wave-producing means also 'serving
as the source of energy for the operation of a piston
pump. Since the air and fuel are pumped into the com-
bustion chamber from the same unit and source of energy,
an exact mixture of fuel and air is attained for any
volume of heat, and is positively controlled by the fre-
quency set up in the coil 43. Inasmuch as the action
of the plunger 49 and the tubular conduit 52 in the pump
chamber 51 is the full equivalent of a hydraulic piston,
pressures of any amount can be produced. This pres-
sure is regulated by the size of the nozzle opening and,
as has been stated above, fluctuations in the feeding of
the fuel through the nozzle are dampened by means of
the pulsation dampener 55.

Extremely high pressures of the fuel can be produced
and, together with the high frequency of the air flow,
a very combustible mixture is formed., This is true re-
gardless of whether the fuel be gas, liquid or powdered
solids, such as coal, corn starch, or the like, and in fact
any solid that can be pulverized can be used in this type
of burner. :

Turning now to a detailed description of the form of
burner embodying this invention, as adapted to a reaction
motor shown in Figs. 7 and 8, the numeral 160 designates
a casing or housing of the combustion chamber 101 which
terminates in an exhaust nozzle 102. At spaced inter-
vals throughout the length of the combustion chamber
101 there is provided a series of baffles 103 provided
with orifices 104,

Surrounding the combustion chamber 101 is a jacket
105 which is provided with circumferentially spaced lon-
gitudinally disposed fins- 106 which extend substantially
throughout the length of the jacket 105. The jacket 185
terminates in a venturi 107 and thrust cone 108, with the
fins 106 terminating within the throat of the venturi 107.

It is here understood that a conventional air scoop
of any suitable design may be attached to the jacket 165,
and that the combustion chamber housing 100 is a con-
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tinuation of the casing or housing 10 in Fig: 1, and the
combination chamber ‘101 is identical with the combus-
tion chamber 11 also shown in Fig. 1, which is not shown
in further detail in this view. It is also to be understood
that. the fuel and air control mechanism described in
detail relative to Fig. 1 or 4 are applied to the combustion
chamber 101 with equally satisfactory results. ,

The operation of the reaction motor shown in Figs, 7
and 8, in so far as the burner is concerned, is identical
with the burners shown in Figs. 1 and 4, and the hot
gases exhausting from the nozzle 102 into the throat of
venturi 107 suck air through the jacket 165, which in turn
receives heat by means of the fins 106, as well as by the
exhaust gases from ‘the nozzle 102. Increased velocity
is given to the heated air passing -over the fins 106; and
thrust therefrom, as well as from the nozzle 102, is trans-
lated to the thrust cone 108 in the conventional manner
of present day reaction motors. : .

The jacket 105 is formed with an expanded cross sec-
tion adjacent the venturi 107, as shown at 109, to allow
for air expansion as it passes between the fins 106. It is
to be here understood, of course, that all of the heat
transfer to the air passing through the jacket 165 does not
take place by contact with the fins 106, but a substantial
-amount of heat transfer occurs by means of the air passing
over the surface of the combustion chamber housing 100.
This arrangement enables large quantities of air to pass
through' the venturi, which, in addition to the exhausting
of the heated gases from the nozzle 102, produce extreme-
ly high relative efficiencies over present day conventional
jet engines.. . - S SRR

When the oscillator connected with the coil 43, or other-
wise acting on the vibrating plate 30, is operated at reso-
nant frequency or harmonic of resonant frequency with
the combustion chamber, a great saving in operating
power is derived and a tremendous increase in gas activ-
ity is experienced.

It is to be understood that modifications and changes in
materials and structural details may be resorted to with~
out deviating from the spirit of this invention.

I claim:

1. A fuel burner comprising an elongated combustion
chamber having end walls and a surrounding wall, a plu-
rality of intermediate plates therein spaced from the end
walls extending transversely of the combustion chamber
to the surrounding wall thereof, defining with said sur-
rounding wall enlarged expansion chambers, each of said
plates having a single restricted orifice of a diaméter less
than half the diameter of the plate, said orifices being
substantially aligned, said expansion chambers being un-
impeded for the expansion of burnt gases therein, means
at the inlet end of the combustion chamber for supplying
air and fuel therethrough under pressure, whereby burnt
gases at high velocity pass through the first orifice into
the first expansion chamber, are reduced in pressure and
velocity and changed in direction to sweep along said
surrounding wall, and changed in direction again to pass
out through the next orifice with consequent increase in
exit velocity, for efficient heat transfer through said sur-
rounding wall.

2, A fuel burner comprising an elongated combustion
chamber having end walls and a surrounding wall, a plu-
rality of intermediate plates therein spaced from the end
walls extending transversely of the combustion chamber
to the surrounding wall thereof, defining with said sur-
rounding wall enlarged expansion chambers, each of said
plates having a single restricted orifice of a diameter not
over substantially one-half the diameter of the plate, said
orifices being substantially aligned, said expansion cham-
bers being unimpeded for the expansion of burnt gases
therein, means at the inlet end of the combustion cham-
ber for supplying air and fuel therethrough under pres-
sure, whereby burnt gases at high velocity pass through
the first orifice into the first expansion chamber, are re-
duced in pressure and velocity and changed in direction



2,907,382

7 )
to sweep along said surrounding . wall, and changed in
direction agam to pass out through the next orifice with
consequent increase in exit velocity, for eﬁic1ent heat
transfer through said surroundmg wall.

3. A fuel burner comprising an elongated combustion
chamber having end walls and a surrounding wall, a plu-
rality of intermediate plates therein spaced from the end
walls extending transversely of the combustion chamber
to the surrounding wall thereof, defining with said sur-
rounding wall enlarged expansion chambers, the interme-
diate plates being spaced varying distances from each
other to provide alternately relatively larger and smaller
combustion chambers, each of said plates having a single
restricted orifice of a diameter not over substantially one-
half the diameter of the plate, said orifices being sub-
stantially aligned, said expansion chambers being un-
impeded for the expansion of burnt gases therein, means
at the inlet end of the combustion chamber for supplying
air and fuel therethrough under pressure, whereby. burnt
gases at high veloclty pass through the first-orifice into
the first expansion chamber, are reduced in pressure and
velocity and changed in direction to sweep along said
surrounding wall, and changed in direction agam to pass
out through the next orifice with consequent increase in
exit velocity, for sufficient heat transfer through said sur-
rounding wall.

4. A fuel burner comprising an elongated combustion
chamber having end walls and a surrounding wall, a plu-
rality of intermediate plates therein spaced from the end
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walls extending transversely of the combustion chamber 30

to the surrounding wall thereof, defining with said sur-

8

rounding wall enlarged expansion chambers, each of said
plates having a single restricted orifice of a diameter not
over substantially one-half the diameter of the plate, said
orifices being substantially aligned, said expansion cham-
bers being unimpeded for the expansion of burnt gases
therein, means at the inlet end of the combustion cham-
ber for supplying pulsating air and fuel therethrough un-
der pressure, whereby burnt gases at high velocity pass
through the first orifice into the first expansion chamber,
are reduced in pressure and velocity and changed in di-
rection to sweep along said surrounding wall, and changed
in direction again to pass out through the next orifice
with consequent increase in exit velocity, for efficient
heat transfer through said surrounding wall.
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