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3,267,986 
APPARATUS FOR PULSATING COMBUSTON 
Karl Borje Olsson, Smedievage 9, Nacka, Sweden 

Filed June 4, 1965, Ser. No. 461,490 
(Claims priority, application Sweden, May 18, 1962, 

5,639/62 
9 Claims. (C. 158-4) 

This invention relates to apparatus for the pulsating 
combustion of a mixture of air and a gaseous liquid fuel, 
particularly fuel oil, and is of the general kind described 
in my copending application Serial No. 281,300, filed on 
May 17, 1963, and now abandoned, of which this appli 
cation is a continuation-in-part. 
The combustion apparatus under consideration com 

prises an inlet duct, a first combustion chamber, a second 
combustion chamber, a discharge opening between said 
chambers and an outlet duct located coaxially after each 
other and being substantially rotationally symmetrically 
with respect to the central axis of the apparatus. 

The fuel mixture is admitted intermittently to the first 
chamber in response to the negative pressure occurring in 
the first chamber at the frequency of explosions therein. 
The general object of the invention is to provide a 

combustion apparatus referred to in which pulsating con 
bustion of the fuel mixture occurs efficiently in the first 
and second combustion chambers, particularly for heat 
ing purposes. 

Other objects of the invention are, among others, to 
provide a combustion apparatus of the kind under consid 
eration having a small size relative to its heating capacity 
and which is reliable in operation; has a variable capacity 
within a wide range; is relatively noiseless in operation; 
may be driven with a small fuel consumption when de 
sired; and which is flame proof. 
These and other objects will appear more in detail from 

the following disclosure of some embodiments of the ap 
paratus according to the invention shown by way of ex 
ample in the accompanying drawings. 

FIG. 1 is a central longitudinal section of an embodi 
ment of the apparatus, FIGS. 2 to 4 illustrate various 
forms of pockets provided in the wall of the first com 
bustion chamber to improve ignition of fuel mixture in 
the first chamber, FIG. 5 diagrammatically illustrates an 
alternative embodiment having an intermediate combus 
tion chamber located between the first and second com 
bustion chambers and FIG. 6 is an elevation of another 
embodiment, half of which being shown in section. 
As will be seen from the drawings the apparatus is 

Symmetrical with respect to a central axis, and each com 
bustion chamber is in accordance with the invention 
formed to establish a vortex flow as will appear here 
inafter. 
As will be seen from FIG. 1, the inlet duct 10 is as 

sociated with a fuel supply means for admitting fuel 
such as fuel oil to a nozzle section 11, through which 
inlet air passes and is mixed with the fuel before enter 
ing into the first chamber 12 at the outlet end or mouth 
13 of the duct 11. The outlet end of duct 13 projects 
into the first chamber so that the mouth 13 will be axially 
offset inwardly with respect to the rear end wall 12a of 
the first chamber. 
The inlet duct 11 is preferably provided with a non 

return valve 14 of the flap valve type having resilient 
tongues opening in response to negative pressure down 
stream the valve and closing for positive pressure, that 
is when explosions occur in the first chamber. When the 
apparatus is at rest, the tongues of the valves are pref 
erably slightly open to permit dropping of starting fuel 
into the first chamber. 
The outlet duct 15 from the second combustion cham 

ber 16 is preferably connected to an exhaust pipe (not 
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shown) which in a known manner per se may be con 
structed as a resonator tube so that a non-return valve in 
the outlet duct may be omitted. 
The medium to be heated, such as water or air, Sur 

rounds the second chamber and said exhaust pipe. The 
apparatus may be applied to boilers as well as to devices 
for space heating. 
A spark plug or an electrically heated glow wire. 5 is 

disposed within the first chamber and is heated for ignit 
ing starting fuel dropped into the first chamber to initiate 
the pulsating combustion. The electrical glow wire is 
then shut off since the entering charges of fuel mixture 
will thereupon be ignited by burning gases in the first 
chamber. 
The first chamber 12 communicates with the second 

chamber 16 through a centrally located discharge open 
ing 7 forming a restricted passage between the two 
chumbers. The walls of the discharge opening may in 
clude ceramic material 8 to form a hot point for igniting 
any fuel not ignited by the burning gases in the first 
chamber. 

It is a basic feature of the invention that the first 
chamber is relatively short and wide. The axial exten 
sion of the first chamber between the rearmost wall por 
tions of the rear end wall of the first chamber around the 
inlet mouth 13 to the discharge opening should prefer 
ably be less than the radial distance from the central axis 
of the apparatus to the outermost peripheral portions of 
the first chamber. Further, the front end wall 12b of 
the first chamber is generally concave to form a concave 
annular Wall portion around the restricted discharge 
opening 17. The above features in combination with the 
location of the mouth 13 ahead of the axially rearmost 
portion of the rear end wall 2a contributes to effect the 
specific vortex flow indicated by the arrows 19 in the 
first chamber. 
The above specific features of the first chamber are 

illustrated in FIGS. 1, 5 and 6. Accordingly, when a fuel 
mixture charge has been ignited and the combustion gases 
generated thereby are leaving through the discharge open 
ing 17a negative pressure will arise so that a charge of 
fresh fuel will be sucked into the first chamber. When 
entering the first chamber the gas column of fuel mixture 
will meet a negative pressure of such a degree that the 
fuel mixture is rapidly expanded radially outwardly to all 
sides and sweeps along the concave front end wall 12b 
which due to its shape guides the flow rearwardly to form 
the annular vortex, as indicated, having portions sweep 
ing radially inwardly along the rear end wall of the first 
chamber to meet again at the centre and flow axially out 
through the discharge opening. An annular core of hot 
and burning gases will probably be maintained in the 
center of the vortex. 

This new and improved general configuration of the 
first chamber is preferably formed in detail as illustrated 
in FIG. 6, wherein numeral 20 denotes the inlet duct, 21 
the mouth of the inlet duct, 22 the first combustion cham 
ber defined by a concave annular groove 23 in the lid 
24 Secured to the casing 25 of the apparatus and an inner 
concave ring member 26 forming an extension of the 
groove 23 and secured to the lid by welding in the ex 
ample shown. This ring member 26 forms the front end 
Wall 27 of the first chamber as well as the outer periphery 
of the first chamber. The central opening of the ring 
member 26 defines the discharge opening 28. The por 
tion of the ring member adjacent the opening 28 is located 
in a substantially radial plane. 

It is characteristic of the embodiment shown in FIG. 6 
that marginal portion or front end wall portion 27 of 
ring member 26 forms part of the rear end wall 29 of the 
Second combustion chamber 30. Alternatively, ring 
member 27 may be integral with the casing 25 which is 
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then formed with an annular flange separating the two 
combustion chambers and defining the discharge open 
ing 28. 

In FIG. 6 the second combustion chamber has gener 
ally the same axially short and radially wide configuration 
as the first chamber 22. Both chambers have a kidney 
shaped cross-section as will appear from FIG. 6. The 
rear end wall 29, the circumferential side portion 31 and 
the forward end wall 32 of the Second chamber 38 form 
an annular chamber with smooth curvature in cross 
section. This annular chamber has its radially inner side 
open and communicates at one end thereof with the dis 
charge opening 28 and at the other end with the outlet 
opening 33 forming the entrance to the outlet duct 34 
connected to an exhaust pipe not shown. 

It is characteristic of the second chamber in FIG. 6 
that the annular front end wall portion 32 tapers towards 
an annular end portion 35 surrounding the outlet 33, and 
that this end portion is located axially offset rearwardly 
relative to the foremost portion of the front end wall 32. 
As will be seen from FIG. 6 there is formed a relatively 

thick metal portion 36 around the outlet 33 and the adja 
cent outlet duct portion so that the portion 36 will be 
heated to a temperature of the order of 800° C. 
The apparatus shown in F.G. 6 has been tested for 

heating water surrounding the first and second chambers 
as well as the exhaust pipe connected to the outlet duct 
34. The apparatus has also been tested for space heat 
ing, and the apparatus has then been placed in the flow 
of air to be heated. In this case the shape of the second 
chamber is somewhat modified as indicated by dotted lines 
32a and 36a to obtain a smaller portion 36 of material 
around the outlet 36 in order to avoid overheating. 

In order to obtain a more efficient ignition of the fresh 
fuel mixture entering the first chamber small pockets, 
preferably in the form of annular grooves at the periph 
ery of the first chamber may be provided as indicated 
at 37 in FIGS. 1 and 5, at 38 in FIG. 2, at 39 in FIG. 3 
and at 40 in FIG. 6. As shown in FIG. 4, similar annu 
lar pocket grooves 4, 42 may be provided adjacent the 
outlet opening 17. 
These pocket grooves have preferably a larger depth 

than width as seen in the figures. The size of the pocket 
groove is relatively small and is selected with respect to 
the fuel employed, the frequency of pulses and the oper 
ating gas pressure. The pocket grooves at the periphery 
of the first chamber are shaped to take part in the follow 
ing functions. 

Assuming that fresh fuel mixture enters into the first 
chamber, there has previously occurred a combustion or 
explosion in the first chamber. On the pressure rise at 
this last mentioned explosion and burning of the gases, 
ignited but only partially burned gas has been forced into 
the pocket groove to be blocked therein by the high pres 
sure gas outside the groove. The pocket groove is then 
shaped to provide a delay combustion of the gas enclosed 
in the pocket groove. This delayed combustion shall 
thereafter result in a directed burning gas flow with high 
velocity. To this end the pocket groove has a relative 
small volume, that is it does not form any side chamber 
for the actual combustion in the first chamber. The 
?width of the groove is kept small in relation to its depth 
in order to obtain the delayed combustion desired. 

Accordingly, when the first chamber is filled with above 
mentioned fresh fuel charge of relative low temperature, 
there is obtained a strong pressure drop due the expan 
sion and concurrent cooling thereby which further con 
tributes to decrease the pressure which is still more low 
ered by the cooling effect from the low temperature of 
the entering fuel mixture. Accordingly, the pressure out 
side the pocket groove will be extremely low and this 
results in that the gas enclosed in the pocket groove, 
Iwhich will now have burned to a still further extent, will 
be violently launched straight out into the first chamber 
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4. 
to meet the fuel mixture on its way towards the periph 
ery of the first chamber so that the fuel mixture is effec 
tively ignited by the hot gas flow from the pocket. The 
fuel mixture, however, has already been partially ignited 
by burning residual gases from the combustion of the 
preceding charge of fuel mixture. 

It should be noted that the apparatus may function 
without the aid of said pocket grooves but that the opera 
tion features are considerably improved by the pocket 
groove which enable the apparatus to operate within a 
wider range of pulse frequencies and facilitates the start 
ing of the apparatus. 
As to FIG. 2 the pocket groove 38 widens slightly in 

wardly towards its bottom which may be preferred for 
relatively slowly burning fuels such as heavy fuel oils, 
rwhereas in FIG. 3 the pocket groove 39 widens slightly 
towards its mouth which may be preferred for relatively 
rapidly burning fuels such as gasoline. 
FIGS. 1, 5 and 6 show the intermediate profile of the 

pocket grooves 37, 40 having parallel side walls. 
The modified form of the apparatus shown in FIG. 5 

comprises a first combustion chamber 12, a first discharge 
opening 43 connecting the first chamber with an interme 
diate combustion chamber 44 and a second discharge 
opening 45 connecting the intermediate chamber with a 
Second combustion chamber 46. The apparatus in FIG. 
5 has its combustion chambers and discharge openings 
constructed similar to the apparatus in FIG. 1, but it 
should be noted that in the preferred form of the general 
arrangement indicated in F.G. 5, the combustion cham 
bers and discharge openings have substantially the same 
general configuration as indicated in FIG. 6. 

Starting of the apparatus in FIG. 5 is effected in the 
Same Way as described in connection with the apparatus 
in FIG. 1. The combustion gases generated in the first 
chamber 12 pass practically directly from the opening 
43 to the opening 45 and down into the second chamber 
46 when the apparatus is fed with fuel for normal heat 
producing capacity, for instance when used in a water 
boiler for small houses. However, when an instant and 
considerable increase of the capacity is desired, the fuel 
Supply is increased so that the fuel mixture is momentarily 
over-riched which results in that the walls around first 
opening 43 are cooled and the combustion intensity is thus 
reduced. The greater part of the fuel mixture will ac 
cordingly not be ignited unitil it enters into the inter 
mediate chamber 44 where the ignition now takes place. 
The intermediate chamber 44 has a larger diameter and 
a greater volume than the first chamber 12, and thus the 
suction effected in the intermediate chamber will be 
greater than is possible to obtain in the first chamber. 
The gases will thus continue to pass the first chamber and 
enter into the intermediate chamber. This switching on 
to combustion in the intermediate chamber is effected 
rapidly and thereafter the supply of fuel is adjusted to ob 
tain a normal mixture for driving with the intermediate 
chamber and effecting the greater heating capacity. By 
increasing the air portion in the inflow mixture, it is easy 
to step down again to drive on the first chamber. There 
after, the fuel mixture is again adjusted to normal con 
position. 
As to the relative dimensions of the first and second 

chambers it is preferred that the second chamber has a 
greater diameter and greater volume than the first cham 
ber. Further it should be pointed out, that the second 
chamber 30 as shown in FIG. 6, similar to the first 
chamber, preferably has an axial extension which is less 
than its maximum inner radius. 
The apparatus according to the invention forms a very 

small device in relation to its heat producing capacity. 
The flame surface of the apparatus is formed by the inner 
Iwalls of the combustion chambers and the outlet duct in 
cluding the exhaust pipe surrounded by the medium to be 
heated. This flame surface may be only 5% of the cor 
responding surface for a conventional water boiler for the 
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same heating capacity and the same exhaust gas tenn 
perature. The apparatus also has very satisfactory com 
bustion characteristics such as a high CO-content. Soot 
deposits are avoided in the combustion chambers due to 
the vortex flow therein. Further, the apparatus need not 
be connected to a chimney since it is sufficient to dis 
charge the exhaust gases to the atmosphere through a pipe 
having about the same small inner diameter as the outlet 
duct. The temperature of the exhaust gases will be so 
low that no flame danger will arise. When the apparatus 
is used for water heating the exhaust gas temperature 
may be kept at about 105 C. when the water has a 
normal temperature of about 80 C. For conventional 
boilers the exhaust gas temperature is considerably higher, 
about 200° C. Accordingly, the low exhaust gas tem 
perature at the apparatus according to the invention re 
sults in a better heat exchange, which is still more in 
creased due to the fact that the apparatus operates with 
a pulsating combustion which as known per Se gives a 
more effective heat exchange than in apparatus with con 
tinous combustion. 
At a combustion pulse frequencey between 40-50 the 

noise level will be below that for conventional oil burners. 
From the above it will be evident that the apparatus 

according to the invention has been constructed specifi 
cally for operating with pulsating combustion and that the 
apparatus is taken advantage of the specific operating 
conditions relating thereto. 
What I claim is: 
1. Apparatus for the pulsating combustion of a com 

bustible mixture of air and fluid fuel, including, in series 
an inlet duct for a current of such mixture said duct 

including a non-return valve and having a discharge 
mouth; 

a first chamber into which said inlet duct discharges, 
said first chamber having a rear end Wall in which 
said inlet duct is located and an opposite forward end 
wall at least a portion of which is generally concave; 

a restricted connecting passageway communicating with 
said first chamber at said forward end wall; 

a second chamber communicating with said first cham 
ber by means of said connecting passageway; and 

a discharge outlet in said second chamber opposite to 
said connecting passageway; 

each of said inlet ducts, first chamber, connecting pas 
sageway, second chamber and discharge outlet be 
ing rotationally symmetrical about one common 
main axis and serially providing a straight flow 
through direction and symmetrical and stable flow 
for such mixture; 

said first chamber being characterized in that its main 
axial dimension from the rearmost portion of its 
rear end wall to said restricted passageway is shorter 
than is its maximum inner radius resulting in a 
relatively fiat configuration and in that the rearmost 
portion of its rear end wall is axially offset rear 
wardly in relation to the mouth of said inlet duct 
and in that said at least partially concave forward 
end wall forms a substantially concave annular wall 
portion extending radially outwardly to the inner 
periphery of the first chamber, whereby whirling 
vortical flow of air-fuel mixture in said first chamber 
is ensured. 

2. An apparatus as defined in claim 1, in which said 
annular front end wall portion is located in a substantially 
radial plane in its area adjacent said connecting passage 
Way. 

3. An apparatus as defined in claim 1, in which the 
maximum inner radius of said second chamber is greater 
than the maximum inner radius of said first chamber. 

4. An apparatus as defined in claim 1, in which a 
circumferential groove is provided at the periphery of the 
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6 
inner Wall of said first chamber, said groove having a 
greater depth than its relatively small width to provide a 
pocket for trapping a small portion of the fuel mixture 
Sucked into said first chamber and to obtain a delayed 
combustion thereof in said groove so that the trapped 
gases will be launched into the first chamber for ignition 
purposes when next charge of fuel mixture is admitted 
into said first chamber. 

5. An apparatus as defined in claim 1, in which an 
intermediate rotationally symmetrical combustion cham 
ber is located between said first and said second com 
bustion chambers and connected therewith through con 
necting passageways, said intermediate combustion cham 
ber having substantially the same configuration as said 
first chamber. 

6. An apparatus as defined in claim , in which said 
connecting passageway is defined by a centrally disposed 
aperture of an annular flangelike member forming a 
partition wall which on one side forms part of the 
foward end wall of said first chamber and on the op 
posite side forms part of the rearward end wall of said 
Second chamber. 

7. An apparatus as defined in claim 6, in which said 
annular member is a separate ring having an outer mar 
ginal portion forming the inner circumference of said first 
chamber and secured to a lid formed with an annular 
groove defining the rearward end wall of said first 
chamber. 

8. An apparatus as defined in claim 7, in which the 
forward end wall of said second chamber is formed as an 
annular recess axially offset forwardly relative to said 
outlet opening. 

9. An apparatus for the pulsating combustion of an 
air-fuel mixture, said apparatus having one central axis 
and comprising a first and a second combustion chamber 
each chamber having a configuration which is rotational 
ly symmetrical with respect to the central axis of the 
apparatus, an axial inlet duct for admitting fuel mixture 
to said first chamber, and having its forward end pro 
jecting into said first chamber, a restricted discharge open 
ing in the forward end wall of said first chamber for 
discharging combustion gases into said second chamber 
for continued combustion therein, said discharge opening 
having a diameter which is less than the inner diameter 
of said first chamber, a central outlet opening located 
in the front end wall of said second chamber and con 
nected with an outlet duct for exhaust gases, each of 
said first and second chambers having an axial extension 
between its rearmost rearward end wall portion and its 
foremost forward end wall portion which is less than 
the maximum inner radius of the respective chamber, said 
forward end wall of said first chamber forming a sub 
stantially concave annular wall portion extending radially 
outwardly to the inner periphery of said first chamber 
and extended into said rearward end wall thereby provid 
ing a concave annular portion around and axially rear 
wardly offset from said projecting end of said inlet duct 
whereby to ensure whirling vortical flow of said mixture 
in said first chamber, said inlet duct, first chamber, dis 
charge opening, second chamber, central outlet opening 
and outlet duct being serially arranged and rotationally 
symmetrical about one common main axis thereby pro 
viding straight-through flow for such air-fuel mixture. 
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