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(54) A combustion chamber device

(57)  The combustion chamber device (1) comprises
at least one combustion chamber (2), in particular a mi-
crocombustion chamber, including a substantially tubular
body (3) which is closed at one end (3a) and in which a
chamber (4) for supplying and igniting a combustible mix-
ture is defined and communicates with a duct (8) having
a length far greater than the mean transverse dimension
thereof. The duct (8) can allow the generation and prop-
agation of combustion, and of the resultant pressure
wave, as well as the change-over from a slow deflagration

condition to a rapid deflagration condition and/or from
the deflagration condition to the detonation condition.

The body (3) is surrounded by and enclosed in a rigid
external sealed shell (9) which extends spaced apart
from the wall (3c) of the body (3), forming, relative to the
wall, a cavity or chamber (10) which is insulated from the
external environmentand in which avacuumis produced.
The internal surface (9a) of the shell (9) that faces the
body (3) is able to reflect, towards the body (3), a major
portion of the energy which is radiated from the body (3)
during operation.
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Description

[0001] The present invention relates to a combustion
chamber device including at least one combustion cham-
ber, in particular a microcombustion chamber, compris-
ing a substantially tubular body which is closed at one
end and in which a chamber for supplying and igniting a
combustible mixture is defined and communicates with
a duct which has a length which is far greater than the
mean transverse dimension thereof and which can allow
the generation and propagation of combustion, and of
the resultant pressure wave, and the change-over from
a slow deflagration condition to a rapid deflagration con-
dition and/or from the deflagration condition to the deto-
nation condition.

[0002] Microcombustion chambers of this type have
very small dimensions, with diameters, for example, in
the order of 1 mm.

[0003] When the dimensions of such a microcombus-
tion chamber are reduced, the surface/volume ratio in-
creases and, together with an increase in the heat dissi-
pation, heat is also transferred to the walls and the flame
may be extinguished (so-called "wall quenching").
[0004] An object of the presentinvention is to produce
a combustion chamber device which prevents this dis-
advantage.

[0005] This object and other objects are achieved ac-
cording to the invention by means of a combustion cham-
ber device of the type set out above, characterized pri-
marily in that the body of the above-mentioned at least
one combustion chamber is surrounded by and enclosed
in a rigid external sealed shell which extends spaced
apart from the wall of the body, forming, relative to the
wall, a cavity or chamber which is insulated from the ex-
ternal environment and in which a vacuum is produced;
the internal surface of the shell that faces the body being
able to reflect, towards the body, a major portion of the
energy which is radiated from the body during operation.
[0006] Since the above-mentioned cavity or chamber
is under vacuum, an energy exchange is effected therein
during operation substantially only by radiantmeans. The
energy which is radiated from the combustion chamber
and reflected back onto the combustion chamber allows
a good recovery of the thermal energy which would oth-
erwise be dissipated, increasing the overall efficiency
and thereby avoiding the risk of quenching of the com-
bustion flame.

[0007] Other characteristics and advantages of the in-
vention will become clear from the following detailed de-
scription which is given purely by way of non-limiting ex-
ample with reference to the appended drawings, in which:

Figure 1 is a schematic axially sectioned illustration
of a combustion chamber device according to the
present invention comprising a single combustion
chamber;

Figure 2 is a cross-section along line 1I-1l of Figure 1;
Figure 3 is a cross-section of another combustion
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chamber device according to the invention, compris-
ing a plurality of combustion chambers which are
enclosed in a reflective shell of circular cylindrical
shape;

Figure 4 shows another combustion chamber device
according to the presentinvention, comprising a pair
of combustion chambers enclosed in a reflective
shell having an elliptical cylindrical shape;

Figure 5 is a cross-section of another combustion
chamber device according to the present invention
comprising four combustion chambers which are ar-
ranged inside a reflective shell, whose cross-section
has a profile which corresponds substantially to the
intersection of two ellipses; and

Figure 6 is an axially sectioned view of another com-
bustion chamber device according to the present in-
vention, provided with permanent magnets for ex-
ploiting the hydromagnetic effect.

[0008] In Figures 1 and 2, a combustion chamber de-
vice according to the present invention is generally des-
ignated 1. This device comprises a (micro)combustion
chamber 2 of the type known per se, including a body 3
of a substantially tubular shape which is produced, for
example, from a metal material, in particular
high-strength metal alloys.

[0009] One end 3a of the tubular body 3 is closed and
has a preferably flat internal profile, and the opposite end
3b is open and, preferably, the wall of the body 3 near
this end has a progressively divergent shape in a noz-
zle-like manner, with a profile selected from those known
in the art in order to facilitate the discharge of the gases
and to maximize the reaction thrust.

[0010] A chamber 4 for supplying and igniting a com-
bustible mixture, which is supplied to the chamber 4 by
way of atleastoneinlet connection, indicated 5, is defined
inside the body 3 near the closed end 3a thereof. An
igniting device 6 which is controlled during operation by
way of a control line 7 is arranged in the chamber 4.
However, the fuel and comburant can also be injected
equally well at different points of the chamber, for exam-
ple, by way of a small tube which extends through the
body 3 and the shell 9, which will be described in greater
detail below.

[0011] Inthe body 3 of the microcombustion chamber,
the end chamber 4 communicates with a duct 8 having
a length far greater than the mean transverse dimension
thereof (for example, at least 20 times, and preferably
more than 40 times the mean transverse dimension). The
duct 8 is dimensioned and produced in such a manner
as to allow, during operation, the generation and propa-
gation of combustion and of the resultant pressure wave,
as well as the change-over from the slow deflagration
condition to the rapid deflagration condition and/or from
the deflagration condition to the detonation condition.
[0012] The transition from the slow deflagration con-
dition to the rapid deflagration condition and then to the
detonation condition is significant in order to be able to



3 EP 1 621 812 A1 4

ensure greater efficiency of the combustion process.
[0013] The body 3 of the microcombustion chamber 2
is surrounded by and enclosed in a rigid external sealed
shell 9 which extends spaced apart from the wall of the
body 3, forming relative thereto a cavity or chamber 10,
which is insulated from the external environment.

[0014] A vacuum is produced in the cavity or chamber
10.
[0015] The internal surface 9a of the shell 9 that faces

the body 3 of the microcombustion chamber 2 can reflect,
towards the body, a major portion, and in particular the
greatest possible quantity, of the energy which is radiated
from the body during operation, as is indicated by the
illustrative arrows shown in Figure 2.

[0016] The shell 9 can be produced, for example, from
a metal material, for example, gold, silver or aluminium,
or it can be produced from a ceramic material having an
internal surface with a reflective polished finish.

[0017] The external surface 3c of the body 3 of the
microcombustion chamber 2 advantageously has high
absorbency and high emissivity with respect to the en-
ergy radiated from the body 3 during operation. This ex-
ternal surface 3c can preferably be constructed so as to
have a grid for controlling the curve (lobe) of emission.
[0018] The internal surface of the body 3 can instead
be provided with projections which can facilitate the dif-
fraction of the combustion front in order to ameliorate the
turbulence and therefore the combustion itself.

[0019] Figure 3 shows a variant of a combustion cham-
ber device 1 according to the present invention which
comprises a plurality of microcombustion chambers 2
similarto that described above and arranged in a mutually
parallel manner in a cylindrical circular external sealed
shell 9, in which a vacuum is produced.

[0020] In this case, the internal surface of the shell 9
is also able to reflect, towards the bodies 3 of the micro-
combustion chambers 2, a major portion of the energy
which is radiated therefrom during operation. The exter-
nal surfaces 3c of the bodies 3 of the microcombustion
chambers 2 have high absorbency and high emissivity
with respect to the energy radiated from the bodies of
those microcombustion chambers during operation.
[0021] Figure 4 illustrates another variant of embodi-
ment. In this Figure, the same reference numerals used
above have also been attributed once more to parts and
elements which have already been described.

[0022] In the configuration according to Figure 4, the
combustion chamber device 1 comprises a pair of micro-
combustion chambers 2 which are similar to that de-
scribed above and which are arranged substantially par-
allel with one another inside a sealed shell 9 which has
a reflective internal surface 9a which is cylindrical and
has an elliptical cross-section.

[0023] The microcombustion chambers 2 are posi-
tioned with their axes substantially coincident with the
focal lines F1 and F2 of the internal surface 9a of the
shell 9. Owing to this feature, the energy radiated during
operation from a microcombustion chamber 3 is reflected
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by the internal surface 9a of the shell 9 substantially and
predominantly onto the other microcombustion chamber
3.

[0024] Figure 5 shows another variant of a combustion
chamber device according to the invention, comprising
two pairs of microcombustion chambers 2 of the type
described above, which are arranged substantially in par-
allel in a shell 9 which has a reflective cylindrical internal
surface 9a, whose cross-section has a contour which cor-
responds substantially to the intersection of two ellipses
having their larger axes orthogonal relative to each other.
The microcombustion chambers 2 are arranged with their
axes substantially coincident with the foci of these el-
lipses.

[0025] Finally, Figure 6 schematically illustrates anoth-
er variant of a combustion chamber device according to
the invention. This variant is structurally similar to that
described above with reference to Figure 1. In Figure 6,
the samereference numerals used above have also been
attributed once more to parts and elements which have
already been described.

[0026] In the variant according to Figure 6, with a view
to generating energy based on the hydromagnetic effect,
a plurality of permanent magnets 20, which extend in the
cavity or chamber 10 defined between the microcombus-
tion chamber 2 and the reflective external shell 9, are
arranged around the body 3 of the microcombustion
chamber 2.

[0027] Naturally, permanent magnets can also be as-
sociated similarly with the microcombustion chambers of
the other combustion chamber devices 1 described
above.

[0028] As set out above, the reflection, towards the
microcombustion chamber(s), of the energy which is ra-
diated thereby improves the efficiency during operation
and effectively supports combustion, by limiting or elim-
inating the risk of quenching the flame.

[0029] In the case of combustion chamber devices
used as thrusters, or for other applications, the cavity or
chamber 10 under vacuum which is defined in the sealed
shell 9 further allows the radial propagation of the noise
generated during operation to be limited.

[0030] Naturally, the principle of the invention remain-
ing the same, the forms of embodiment and the details
of construction may be varied widely with respect to those
described and illustrated, which have been given purely
by way of non-limiting example, without thereby depart-
ing from the scope of the invention, as defined in the
appended claims.

Claims

1. A combustion chamber device (1), comprising at
least one combustion chamber (2), in particular a
microcombustion chamber, including a substantially
tubular body (3) which is closed at one end (3a) and
in which a chamber (4) for supplying and igniting a
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combustible mixture is defined and communicates
with a duct (8) which has a length far greater than
the mean transverse dimension thereof and which
can allow the generation and propagation of com-
bustion, and of the resultant pressure wave, as well
as the change-over from a slow deflagration condi-
tion to a rapid deflagration condition and/or from the
deflagration condition to the detonation condition;
characterized in that the body (3) is surrounded by
and enclosed in arigid external sealed shell (9) which
extends spaced apart from the wall (3c) of the body
(3), forming, relative to the wall, a cavity or chamber
(10) whichis insulated from the external environment
and in which a vacuum is produced; the internal sur-
face (9a) of the shell (9) that faces the body (3) being
able to reflect, towards the body (3), a major portion
of the energy which is radiated from the body (3)
during operation.

A combustion chamber device according to claim 1,
wherein the wall of the tubular body (3) which is en-
closed by the shell (9) has a surface (3c) which has
high absorbency and high emissivity with respect to
the energy radiated from the body (3) during opera-
tion.

A combustion chamber device according to either of
the preceding claims, comprising at least a pair of
substantially parallel combustion chambers (2), and
wherein the shell (9) has internally at least a pair of
cylindrical surface portions having an elliptical
cross-section, and the combustion chambers (2) are
each arranged on the focal line of one of the surface
portions.

A combustion chamber device according to claim 3,
comprising a single pair of combustion chambers (2)
which are arranged substantially in parallel, and
wherein the shell (9) has an internal surface which
is cylindrical having an elliptical cross-section, the
combustion chambers (2) being arranged on the fo-
cal lines (F1, F2) of the internal surface (9a).

A combustion chamber device according to claim 3,
comprising at least two pairs of combustion cham-
bers (2) which are arranged substantially in parallel,
and wherein the shell (9) has a reflective cylindrical
internal surface, whose cross-section has a contour
which corresponds substantially to the intersection
of at least two ellipses; the combustion chambers
each being arranged on a focal line of the reflective
internal surface (9a).

A combustion chamber device according to any one
of the preceding claims, wherein permanent mag-
nets (20) for generating energy based on the hydro-
magnetic effect are associated with the combustion
chamber(s) (2), the permanent magnets (20) being

10

15

20

25

30

35

40

45

50

55

arranged around the body (3) of the or each com-
bustion chamber (2), in the cavity (10) which is de-
fined relative to the reflective shell (9).

A combustion chamber device according to any one
of the preceding claims, characterized in that the
shell (9) is of metal material, in particular gold, alu-
minium or silver.

A combustion chamber device according to any one
of claims 1 to 6, wherein the shell (9) is of ceramic
material, and the internal surface (9a) thereof has a
polished reflective finish.
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