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This invention relates to a heating apparatus for gas 
eous or liquid fuels, especially fuel oil, in which com 
pressional vibrations produced by oscillating combustion 
are present in the combustion chamber and in combus 
tion gas flues series-connected with said combustion 
chamber. 
The combustion chamber and the combustion gas flues 

of the known heating apparatus for improving the heat 
transmission and combustion are of Such dimensions that 
they act as resonators and the fuel gas burner vibrates 
with the natural frequency of the vibration system created 
by the impulse-like combustion. The use of such heating 
apparatus very often requires very accurate control which 
can be easily carried out by connecting and disconnect 
ing the supply of fuel as a function of temperature or 
pressure of the medium to be heated. However, such 
automatic control cannot be attained with the necessary 
accuracy and reliability, especially not with respect to 
the connecting action of the heating apparatus operating 
as self-excited oscillators or resonators with regard to 
the natural frequency, because in case of iow heat re 
quirement the temperature or the pressure has to be main 
tained so precisely that the heating apparatus has to de 
liver numerous short bursts of fire within one minute, 
which can only be guaranteed by an automatic discon 
nection, but especially connection, which is responsive to 
small pressure or temperature differences. 

It is, therefore, the object of the invention to sensi 
tively control by connection and disconnection in a re 
liable manner a heating apparatus operating with oil or 
gas. 

This object is achieved according to the invention by 
providing a heating apparatus for gaseous or liquid fuels, 
especially combustion oil, in which compressional vibra 
tions produced by osciliating combustion are present in 
the combustion chamber and in combustion gas files 
series-connected with said combustion chamber, the com 
pressional vibrations in the combustion gas burner be 
ing positively excitable and independent of the natural 
frequency of the heating apparatus. 

Advantageously, a blower is provided which serves 
for the air feed and a check valve is associated with the 
blower for impulse-like air supply, which check valve is 
controllable by gas pressure vibrations produced by im 
pulse-like mechanical fuel Supply and combustion. In 
this connection it is suggested to place, by appropriately 
dimensioning the heating apparatus, the natural frequency 
of the heating apparatus near the frequency of the fuel 
supply which can be determined by the stroke of supply 
pumps, in order to obtain a high pressure amplitude in 
the fuel gas burner which is particularly effective for 
the heat transmission. 
The air and the fuel are expediently mixed in the com 

bustion chamber which is substantially cup-shaped and 
has a bottom through which the fuel is axially supplied 
and a cylindrical jacket, and radial air inlet openings are 
provided in the cylindrical jacket. 

These air inlet openings act as chokes for the air 
supply and can, in connection with an air chamber con 
nected in series with the check valve, effect a phase dis 
placement between the fuel and air current whereby in 
any case and absolutely safe ignition is guaranteed in the 
positively controlled vibration system. Optimum dimen 
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sioning of the air inlets will not only result in safe igni 
tion of each individual fuel impulse but also in the pos 
sibility to operate practically with a theoretical air re 
quirement without unburnt matter in the waste gases. 
Moreover, the vibration system or the oscillator can be 
kept reliably in service down to very low fuel supply 
frequencies so that failure of the ignition will be avoided. 
It will also be possible to infinitely vary the oscillator by 
changing the fuel Supply frequency, as can easily be 
effected by varying the stroke of the fuel pumps. 
With regard to the development of the gas pressure 

vibrations required for the transfer of heat it is suggested 
to series-connect the combustion chamber with a system 
of gas conduits of adequate lengths which guarantee suf 
ficiently high speed. To this end the combustion cham 
ber may be surrounded by a jacket at some distance, one 
end of which is in connection with the blower via the 
check valve and the other end of which is closely joined 
to the open end of the combustion chamber and opens 
either directly or indirectly by means of coiled tubes 
into an annular chamber formed by a second jacket 
which may be provided with an incorporated coiled sheet 
of metal or ceramic material for elongating the flow 
passage of the fillie gases. 

It is further suggested regarding the supply of fuel in 
impulses, to use for liquid a single-cylinder plunger pump 
with a series-connected pivot nozzle, and for gaseous fuel 
a diaphragm pump with a series-connected gas jet con 
taining an outlet valve responsive to preliminary pressure 
of gas. 

everal embodiments of the invention will now be de- . 
scribed by way of example and with reference to the ac 
companying drawing, in which: 

Fig. 1 is a longitudinal section through a heating 
apparatus according to the invention; 

F.G. 2 is a longitudinal section through another em 
bodiment of the heating apparatus, and 
FIG, 3 is a longitudinal section through a further em 

bodiment of the heating apparatus. 
Referring to the drawing, a pump 5 serving for the fuel 

Supply is driven by a motor 4, said pump being designed 
as a single-cylinder plunger pump for liquid fuel, particu 
larly fuel oil, and as a diaphragm pump for gaseous fuel 
and in any case determining by its number of strokes the 
exciting frequency of the vibration system of the heat 
ing apparatus. A pump pressure line 6 opens into a 
burner unit 7 which is arranged at the bottom 8 of cup 
shaped combustion chamber 9 and provided with an in 
jection nozzle having a member which in the intervals 
between the injection impuises locks the nozzle opening 
towards the combustion chamber. For liquid fuels it is 
suitable to use pivot nozzles which free the fuel passage 
only at a desired adjustable injection pressure so that the 
liquid fuel is vaporized under the action of this opening 
pressure. The combustion chamber 9 is provided with 
a cylindrical jacket 10 having radial openings 11 as in 
lets for the combustion air and is supported at its inside 
open end i2 in a flange-like manner against a tube-like 
casing 13 which surrounds the combustion chamber at 
some distance. Into the rear part 15 of the casing 13, 
which is closed at its ends and provided with a sealed 
opening 14 for the pump pressure line 6, there opens a 
compressed-air line 6 of a blower 17. In the embodi 
ments of FIGS. 1 and 2 a check valve 18 which can be 
opened in the direction of the rear part 15 is incorporated 
in the compressed-air line 16. The open front part 19 
of the casing E3 forms a combustion gas channel which 
communicates with an annular chamber 21 formed by 
a second casing 20 Surrounding in a jacket-like manner 
said casing 13. The annular chamber 2 serves for fur 
ther conduction of the combustion gases and opens into 
outlet 22. According to the embodiment of FIG. 1 the 
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gases are helically conducted by a coiled sheet 23 in the 
annular chamber 21 for the purpose of extending the 
flow passage indicated by arrows. The annular cham 
ber 21 by means of its portion extending beside the con 
bustion chamber 9 acts as a recuperator for heating the 
combustion air flowing between the cylindrical jacket 10, 
and the casing 13. Despite the relatively small heating 
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4. 
2. A heating apparatus for burning gaseous or liquid 

fuels, especially fuel oil, comprising, in combination, a 
cup-shaped combustion chamber having a closed end and 
an open end; combustion gas guide means communicat 
ing with said open end of said combustion chamber and 
forming therewith a resonance system having a natural 
frequency; air passage means communicating at one end 

areas of the recuperator there exists, owing to the gas 
pressure vibrations, a good heating efficiency because 
the coefficient of heat transmission is considerably in 
creased in comparison with that in the case of a uni 
form gas flow. 
The coiled sheet consists of metal or a ceramic nate 

rial 23 and is so dimensioned that the natural frequency 
of the vibration system produced by the combustion cham 
ber and the gas channel approaches the proxiinity the 
injection frequency. Thus, a high pressure amplitude can 
be obtained which is desirable for the intended improve 
ment of the heat transmission. - 

In the heating apparatus according to FIG. 1 the heat 
produced is carried off from the outer casing 20 of the 
annular chamber 21. The heating apparatus can, there 
fore, operate as a heat radiator, e.g. as an oil- or gas 
burning radiating tube for industrial equipment such as a 
drying plant. If air is blown against the tube from out 
side, in which case additional ribbed heating surfaces may 
be provided externally for improving the heat, transmis 
ision, the tube will act as an air heater. 

O 

thereof, with said combustion chamber intermediate the 
ends of the latter; air blower means connected to the 
other end of said air passage means for producing a con 
tinuous pressure on the air in said air passage means so 
that said air permanently tends to enter said combustion 
chamber and fuel supply means communicating with said 
combustion chamber through said closed end thereof and 
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In the embodiment according to FIG. 2 the heat pro 
duced is used for heating or vaporizing a liquid. For this 
purpose a casing 13 and a casing 281 have been equipped 
with a double casing 24 and 25, respectively, for receiving 
the liquid. - 

In the embodiment according to FIG. 3 a single or sev 
eral parallel-connected coiled tubes 26 are connected to 

the combustion gases stream. The coiled tubes 26 may 
serve to heat working or drying rooms but may also be 
used as radiation heating area or for heating liquid baths. 
The cooled waste gases are returned to the annular cham 
ber 21, which coaxially surrounds the combustion cham 
ber 9, and then leave through the outlet 22. The annular 
chamber 21 serves again as a recuperator for pre-heating 
the combustion air. The embodiment according to FIG. 
3 also shows another design and arrangement of the check 
valve 18 of the embodiments of FIGS. 1 and 2. In this 
case a check valve 8a is mounted behind the combus 
tion chamber 9 parallel to its bottom 3. 

In some cases it may be advsiable to use return flow. 
chokes without moving parts instead of the check valves 
mentioned above. 

claim: 
1. A heating apparatus for burning gaseous or liquid 

fuels, especially fuel oil, comprising, in combination, a 
cup-shaped combustion chamber having a closed end and 
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including mechanical means for cylically feeding fuel at a 
predetermined frequency in the proximity of said natural 
frequency of said resonance system into said combustion 
chamber to produce during combustion thereof compres 
sional vibrations having timely spaced compression periods 
in said combustion chamber substantially preventing en 
trance of air from said blower during said compression 
periods whereby air is intermittently supplied through said 
air passage means to said combustion chamber at said pre 
determined frequency at times between said compression 
periods. -- . . . . . . 

3. A heating apparatus for burning gaseous or liquid 
fuels, especially fuel oil, comprising, in combination, a 
cup-shaped combustion chamber having a closed end and 
an open end; combustion gas guide means communicating 
with said open end of said combustion chamber and form 
ing therewith a resonance system having a natural fre 
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the front part 19a of a casing 132, through which tubes 
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quency; air passage means communicating at one end 
thereof with said combustion chamber intermediate the 
ends of the latter; air blower means connected to the 
other end of Said air passage means for producing con 
tinuous pressure on the air in said air passage means so 
that Said air permanently tends to enter said combustion 
chamber, one-way valve means in said air passage means 
movable between an open position permitting flow of air 
in said direction and a closed position; and fuel supply 
ineans communicating with said combustion chamber 
through said closed end thereof and including mechanical 
means for cylically feeding fuel at a predetermined fre 
quency into said combustion chamber to produce during 
combustion thereof compressional vibrations having time 
ly spaced compression periods in said combustion cham 
ber whereby said valve means is moved to said closed 
position thereof by said compressional vibrations during 
said compression periods so that air is intermittently sup 
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5 5 
an open end; combustion gas guide means communicat 
ing with said open end of said combustion chamber and ".. 
forming therewith a resonance system; air passage means 
communicating at one end thereof with said combustion 
chamber intermediate the ends of the latter; air blower 
means connected to the other end of said air passage 
means for producing a continuous pressure on the air in 
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said air passage means so that said air permanently tends 
to enter said combustion chamber, and fuel supply means 
communicating with said combustion chamber through 
said closed end thereof and including mechanical means 
for cyclically feeding fuel at a predetermined frequency 
into said combustion chamber to produce during combus 
tion thereof compressional vibrations having timely spaced 
compression periods in said combustion chamber substan 
tially preventing entrance of air from said blower during 
said compression periods whereby air is intermittently sup 
plied through said air passage means to said combustion 
chamber at said predetermined frequency at times be 
tween said compression periods. - 
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plied through said air passage means to said combus 
tion chamber at said predetermined frequency at times 
between said compression periods. 

4. A heating apparatus for burning gaseous or liquid 
fuels, especially fuel oil, comprising, in combination, a 
cup-shaped combustion chamber having a closed end, an 
open end and a substantially cylindrical wall between said 
ends; combustion gas guide means communicating with 
said open end of said combustion chamber and forming 
therewith a resonance system having a natural frequency; 
air passage means communicating at one end thereof with 
said combustion chamber intermediate the ends of the 
latter, said air passage means being in part formed by a 
jacket Surrounding said cup-shaped combustion chamber 
and a plurality of radial air inlet openings formed in said 
cylindrical wall of said combustion chamber and com 
municating with the interior of said jacket; air blower 
means connected to the other end of said air passage 
means for producing a continuous pressure on the air in 
Said air passage means so that said air permanently tends 
to enter said combustion chamber; one-way valve means 
in said air passage means movable between an open posi 
tion permitting flow of air in said direction and a closed 
position; and fuel supply means communicating with said 

- combustion chamber through said closed end thereof and 
including mechanical means for cyclically feeding fuel at a 



3,190,340 
5. 

predetermined frequency in the proxii sity of said natural 
frequency of said resonance system into said combustion 
chamber to produce during combustion thereof compres 
sional vibrations having timely spaced compression peri 
ods in said combustion chamber whereby said valve means 
is moved to said closed position thereof by said compres 
sional vibrations during said compression periods so that 
air is intermittently supplied through said air passage 
means to said combustion chamber at said predetermined 
frequency at times between said compression periods. 

5. A heating apparatus for burning gaseous or liquid 
fuels, especially fuel oil, comprising, in combination, a 
cup-shaped combustion charnber having a closed end, an 
open end and a substantially cylindrical wail extending 
between said ends; combustion gas guide means com 
municating with said open end of said combustion cham 
ber and forming therewith a resonance system, said con 
bustion gas guide means including a tubular member of 
a diameter greater than that of said cylindrical wall pro 
jecting coaxially with the latter forwardly from said open 
end of said combustion chamber fluid tightly connected 
thereto and having opposite the connected end a free open 
end, a casing surrounding said tubular member and form 
ing therewith an annular passage communicating with the 
interior of said tubular member through said free open 
end thereof, and a flue communicating with said annular 
passage at a portion thereof distant from said open free 
end; air passage means communicating with said combus 
tion chamber intermediate the ends of the latter, said air 
passage means being in part formed by an extension of 
said tubular member extending rearwardly from said open 
end of said combustion chamber and surrounding the 
latter and a plurality of radial air inlet openings formed 
in said cylindrical wall of said combustion chamber and 
communicating with the interior of said extension of said 
tubular member; air blower means communicating with 
the interior of said extension of said tubular member rear 
Wardly of said closed end of said combustion chamber for 
producing a stream of air in a direction from said air 
blower means toward said combustion chamber perma 
nently tending to enter the latter; one-way valve means 
in said air passage means movable between an open posi 
tion permitting flow of air in said direction and a closed 
position; and fuel supply means communicating with said 
combustion chamber through said closed end thereof and 
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6 
including mechanical means for cyclically feeding fuel at a 
predetermined frequency into said combustion chamber to 
produce during combustion thereof compressional vibra 
tions having timely spaced compression periods in said 
combustion chamber whereby said one-way valve means 
is moved to said closed position thereof by said com 
pressional vibrations during said compression periods so 
that air is intermittently supplied through said air pas 
Sage means to said combustion chamber at said predeter 
mined frequency at times between said compression 
periods. 

6. A heating apparatus as set forth in claim 5 and in 
cluding a sheet member extending along a helix through 
said annular passage formed between said tubular mem 
ber and said casing and being connected along longitudi 
nai edges thereof to said tubular member and said casing, 
respectively. 

7. A heating apparatus as set forth in claim 6 in which 
said sheet member consists of metal. 

8. A heating apparatus as set forth in claim 6 in which 
said sheet member consists of non-metallic material. 

9. A heating apparatus as set forth in claim 8 in which 
said sheet member consists of ceramic material. 

i8. A heating apparatus as set forth in claim 5 in which 
Said tubular member and said casing are respectively sur 
rounded by a jacket adapted to pass a medium to be 
heated therethrough. 

ii. A heating apparatus as set forth in claim 5 where 
in Said combustion gas guide means include at least one 
coiled tube in series with said combustion chamber. 
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