
(19) *EP004553388A1*
(11) EP 4 553 388 A1

(12) EUROPEAN PATENT APPLICATION

(43) Date of publication:
14.05.2025 Bulletin 2025/20

(21) Application number: 23208336.0

(22) Date of filing: 07.11.2023

(51) International Patent Classification (IPC):
F23R 3/16 (2006.01) F23R 3/28 (2006.01)
F23R 3/42 (2006.01) F23R 3/50 (2006.01)

(52) Cooperative Patent Classification (CPC):
F23R 3/50; F23R 3/16; F23R 3/28; F23R 3/42

(84) Designated Contracting States:
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB
GR HR HU IE IS IT LI LT LU LV MC ME MK MT NL
NO PL PT RO RS SE SI SK SM TR
Designated Extension States:
BA
Designated Validation States:
KH MA MD TN

(71) Applicant: PAPIZTURBINE Europe GmbH
35104 Lichtenfels (DE)

(72) Inventor: Papiz, Juan Manuel
2189 Cruz Alta City, Cordoba Province (AR)

(74) Representative: Eisenführ Speiser
Patentanwälte Rechtsanwälte PartGmbB
Stralauer Platz 34
10243 Berlin (DE)

(54) COMBUSTION CHAMBER FOR A GAS TURBINE ENGINE AND GAS TURBINE

(57) The invention concerns a combustor (24) for a
gas turbine assembly (20). The combustor comprises a
plurality of fuel injection nozzles (24.7) and an annular
combustion chamber (24.1). The annular combustion
chamber comprises an inner space (24.5) that is en-
closed bya combustion chamberwall (24.2)with an inner
wall portion (24.2.1), a front wall portion (24.2.2) and an
outer wall portion (24.2.3). The front wall portion (24.2.2)
closes the combustion chamber (24.1) at a combustion
chamber front end and the inner wall portion (24.2.1) and
the outer wall portion (24.2.3) define an open annular
nozzle (24.3) at the rear side of the combustion chamber
(24.1). The fuel injection nozzles are circumferentially

arranged around the outer wall portion (24.2.3) and pro-
trude into the inner space (24.5) enclosed by the com-
bustion chamber wall (24.2).

According to the invention, the innerwall portion
(24.2.1) and the outerwall portion (24.2.3) are shaped
so as to provide that the inner cross-sectional diameter of
the annular inner space of the combustion chamber
(24.1) initially decreases (narrows) towards the open
end of the combustion chamber nozzle (24.3) and ulti-
mately widens again, thus causing a Venturi effect where
radial distance between the inner wall portion (24.2.1)
and the outer wall portion (24.2.3) is smallest.
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Description

[0001] The invention relates to a gas turbine engine
with a gas turbine. The invention relates in particular to a
combustion chamber of a combustor of a gas turbine of a
gas turbine engine, in particular a turboprop engine.
[0002] Gas turbine engines in particular turboprop en-
gines are generally known. A turboprop engine com-
prises a gas turbine that drives a propeller via a reduction
gear. The gas turbine engine comprises a compressor, a
combustion chamber and a turbine. The compressor is
fedwith air from theenvironment, compresses theair and
feeds the compressed air to the combustion chamber. In
the combustion chamber, the compressed air is mixed
with fuel and themixture is ignited and combusts. The hot
combustion gases then drive a gas turbine that in turn
drives the compressor and the propeller.
[0003] A turboprop engine is typically used as an aero
engine that creates thrust by means of the propeller. The
thrust of the hot combustion gases at the exhaust of the
turbine does not significantly contribute to the engine’s
overall thrust.
[0004] Ingeneral, gas turbineenginescancomprisean
axial compressor or a centrifugal (i.e. radial) compressor.
The gas turbine of the gas turbine engine inmost cases is
an axial turbine with one or more turbine stages. Turbo-
prop gas turbine engines can have separate turbines for
driving the propeller and for driving the compressor.
Alternatively, the compressor can be fixed to the same
shaft as the turbine for driving the propeller. Then, only
one turbine is needed.
[0005] In a gas turbine engine, the compressor feeds
high-pressure air to the combustion chamber. The com-
bustion chamber is also known as combustor. In the
combustor the compressed air is mixed with fuel and
ignited. Thus, the compressed air is heated at constant
pressure as the fuel/air mix burns. As it burns the fuel/air
mix heats and rapidly expands. The burned mix, i.e. the
combustion gases are exhausted from the combustor
through the nozzle guide vanes to a turbine wheel.
[0006] The gas turbine can be an axial gas turbine
comprising one or more turbine stages with nozzle guide
vanes and turbinewheels (also known as turbine vanes).
A nozzle guide vane is a stationary component located at
the entry of a turbine stage in a gas turbine. The nozzle
guide vane’s function is to direct and guide the flow of
high-velocity hot gases from the combustion chamber
onto the turbineblades.Thenozzleguidevanealsohelps
to optimize the velocity and pressure of the gases enter-
ing the turbine stage, which can improve the efficiency
and performance of the engine.
[0007] For larger airplanes, gas turbine engines and
turboprop engines are themost secure and efficient aero
engines. Gas turbine engines and turboprop engines
having a size, weight and power suiting smaller air-
planes, however, suffer from a very high consumption
and thus are economically not feasible.
[0008] While turboprop engines typically are used for

larger airplanes, small airplanes typically are powered by
piston engines, for instance air cooled boxer engines
providing a power between 100 and 400 kW. While
turboprop engines have proven to be very reliable, repla-
cing less reliable piston engines with turboprop engines
typically is not feasible, because the efficiency of turbo-
prop engines suffers from downscaling. This results in
higher fuel consumption.
[0009] It is therefore an object of the invention to pro-
vide a turbopropengine for small airplaneswith improved
efficiency.
[0010] According to a first aspect, a combustor for a
gas turbine assembly is provided. The combustor com-
prises a plurality of fuel injection nozzles and an annular
combustion chamber. The annular combustion chamber
comprises an inner space that is enclosed by a combus-
tion chamber wall with an inner wall portion, a front wall
portion and an outer wall portion. The front wall portion
closes the combustion chamber at a combustion cham-
ber front end and the inner wall portion and the outer wall
portion define an open annular nozzle at the rear side of
the combustion chamber. The fuel injection nozzles are
circumferentially arranged around the outer wall portion
and protrude into the inner space enclosed by the com-
bustion chamber wall.
[0011] According to the invention, the innerwall portion
and theouterwall portionareshapedsoas toprovide that
the inner cross-sectional diameter of the annular inner
space of the combustion chamber initially decreases
(narrows) towards theopenendof the combustion cham-
ber nozzle and ultimately widens again, thus causing a
Venturi effect where a radial distance between the inner
wall portion and the outer wall portion is smallest.
[0012] The Venturi effect created by the annular Ven-
turi nozzles portion of the combustion chamber improves
the mass flow exiting from the combustion chamber and
is fed to the axial turbine of the gas turbine assembly.
[0013] According to a preferred embodiment of the
combustion chamber, the distance of the inner wall por-
tion from a longitudinal axis of the gas turbine assembly
initially increases in thedirectionofacombustiongasflow
and then decreases again thus defining an apex that
together with the outer wall portion of the combustion
chamber wall defines a Venturi nozzle for accelerating
thehot combustionexhaust gasesandcausinga lowered
static pressure in the inner space close to the combustion
chamber annular nozzle.
[0014] Preferably, the combustion chamber is sur-
rounded by an open space that during operation is filled
with compressed air and wherein the outer wall portion
narrows towards to an open end of the annular nozzle
portion of the combustion chamber. Preferably, holes
(orifices) are provided in the narrowing outer wall portion.
The holes are placed where during operation a reduced
static pressure exists in the inner space, thus allowing air
entering from the surrounding open space into the inner
space and increasing the mass flow of the hot combus-
tion gases exiting the combustion chamber. This im-
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proves the efficiency of the gas turbine assembly.
[0015] According to a preferred embodiment of the
combustionchamber, theholesprovided in thenarrowing
outer wall portion have a keyhole shape.
[0016] According to a further preferred embodiment of
the combustion chamber, the outer wall portion com-
prises a generally cylindrical sub-portion in which an
annular vortex generating protrusion is arranged, that
protrudes inwardly into the inner space enclosed by the
combustion chamberwall. Theannular vortexgenerating
protrusion improves mixing of fuel and compressed air
andprovides for anequal andcomplete combustion, thus
improving the efficiency of the gas turbine assembly.
[0017] Preferably, the annular vortex generating pro-
trusion comprises an upstream wall portion facing to-
wards the fuel injection nozzles and a downstream wall
portion facing away from the fuel injection nozzles. The
vortex generating holes preferably are arranged in the
downstream wall portion. This further improves the effi-
ciency of the gas turbine assembly.
[0018] According to a further preferred embodiment of
the combustion chamber, the inner wall portion com-
prises a frusto-conical shaped wall sub-portion with a
diameter that increases towards the annular Venturi
nozzles portion of the combustion chamber and provides
that the annular free spacebetween the innerwall portion
and the outer wall portion becomes narrower, thus caus-
ing an acceleration of the hot combustion gases during
operation and a decreasing static pressure in the annular
free space between the inner wall portion and the outer
wall portion.
[0019] Preferably, the frusto-conical shaped wall sub-
portion of the inner wall portion is provided with holes
allowing compressed air from the surrounding open
space entering into the inner space, thus increasing
the mass flow of the hot combustion gases exiting the
combustion chamber. The increased mass flow further
improves the efficiency of the gas turbine assembly.
[0020] According to a preferred embodiment of the
combustor, the combustor comprises four fuel injection
nozzles that are equally spaced from each other. This
arrangement of fuel injection nozzles supports producing
a homogeneous stream of hot combustion gases for
driving the axial gas turbine of the gas turbine assembly.
[0021] The combustor preferably is part of a turboprop
engine that comprises a gas turbine assembly with a
compressor, the combustor and an axial gas turbine
and wherein the gas turbine comprises a nozzle guide
vane and a turbine wheel.
[0022] The nozzle guide vane preferably is arranged
between the annular exhaust nozzle of the combustion
chamber and the turbine wheel. The compressor and
turbine wheel preferably are connected to a turbine shaft
and the nozzle guide vane is arranged to guide hot
combustion gases from the combustion chamber to tur-
bine blades of the turbine wheel. The nozzle guide vane
comprises guide blades radially extending between an
inner ringof thenozzle guide vaneandanouter ringof the

nozzle guidevaneTheouter ringhasan innerwall portion
defining a feed gas passage for feeding the hot combus-
tion gases to the guide blades of the nozzle guide vane.
Preferably, an inner diameter of the feed gas passage is
defined by the inner wall of the outer ring wherein the
inner diameter of the inner wall portion of the outer ring at
the entrance of the feed gas passage corresponds to an
outer diameter of the annular exhaust nozzle of the
combustion chamber of the combustor at the exit of
the annular exhaust nozzle.
[0023] According to a second aspect that can be com-
bined with the first aspect, a fuel injection nozzle for a
combustion chamber of a gas turbine assembly is pro-
vided. The fuel injection nozzle comprises a central fuel
duct having a distal end provided with a fuel nozzle. The
central fuel duct is configured for feeding fuel from a
proximal end of the fuel duct to the fuel nozzle at the
distal end of the fuel duct. The fuel injection nozzle further
comprises a fuel intake connector and a fuel return con-
nector that both are connected to the proximal end of the
fuel duct for feedingpressurized fuel into the fuel duct and
allowing the fuel to circulate in an external fuel line. The
fuel injection nozzle further comprises a coaxial air duct
coaxially surrounding the fuel duct and being configured
for providing that fuel exiting at the fuel nozzle at thedistal
end of the fuel duct is surrounded by an air stream that
prevents the fuel fromsticking to parts of the fuel injection
nozzle. According to the invention, the fuel injection
nozzle is provided with a Venturi nozzle formed at the
distal end of the air duct surrounding the fuel nozzle of the
fuel duct. The Venturi nozzle has an inner diameter that
varies over the length of the Venturi nozzle, i.e. in the
longitudinal direction of the fuel injection nozzle, and that
is larger at the beginning of the Venturi nozzle and at the
end of the Venturi nozzle than in themiddle of the Venturi
nozzle.
[0024] The inventor found that theVenturi nozzle at the
end of the air duct and in front of the fuel nozzle at the end
of the fuel duct improves vaporization fuel exiting the fuel
duct even if the fuel is provided with lower than usual
pressure. In prior art fuel injection nozzles, the vaporiza-
tion of fuel is affected if the pressure of the fuel is too low.
However, a higher fuel pressure leads to a larger amount
of fuel being injected and thus leads a higher fuel con-
sumption.
[0025] According to a preferred embodiment of the fuel
injection nozzle, the fuel injection nozzle comprises a
baffle body that is arranged directly in line with the fuel
duct in front of the fuel nozzle of the fuel duct. During
operation, fuel exiting from the fuel nozzle at the end of
the fuel duct hits the baffle body and thus is vaporized
even if the pressure in the fuel duct is not high enough to
cause vaporizing of the fuel alone. Thus, the baffle body
further improves fuel vaporization.
[0026] Preferably, the baffle body has a cone shape
with a cone tip facing away from the fuel nozzle and a
baffle face facing towards the fuel nozzle. The cone
shape of the baffle body supports the Venturi effect of
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the Venturi nozzle and helps controlling flow separation
and forming of a wake downstream of the baffle body.
[0027] Preferably, the baffle body is held by a pin in the
middle of the Venturi nozzle at the distal orifice of the air
duct. The arrangement of the baffle body in the middle of
the Venturi nozzle optimizes the Venturi effect and the
acceleration of the injected fuel-air mixture.
[0028] Preferably, the fuel injection nozzle is further
configured foraddinghydrogen to the fuel-airmixture that
is formedby the fuel injectionnozzle. Inparticular, the fuel
injection nozzle is configured for enriching the air in the
coaxial air duct with 1% to 8% of hydrogen further, thus
improving the mixture provided by the fuel injection noz-
zle.
[0029] The preferably reduced fuel pressure in the fuel
duct results in less fuel being injected into the combustion
chamber. While this generally improves the efficiency, it
also leads to less power provided by the combusted
mixture of fuel and air. Adding a small amount of hydro-
gen to the mixture does not increase the temperature of
the combusted fuel mixture but makes the combustion
60% more clean than a prior art combustion.
[0030] TheVenturi nozzlewith thebafflebody in front of
the fuel nozzle of the fuel duct improvesmixing of the fuel
with air even at lower fuel pressures. Additionally adding
some amount of hydrogen makes the combustion clea-
nerand thus reducesair pollution. In combination, a lower
fuel consumptionand lesspollution isachievedbymeans
of the novel fuel injection nozzle.
[0031] According to a third aspect, that can be com-
binedwith the first and/or the secondaspect a gas turbine
engine, in particular a turboprop engine, with an axial gas
turbine is provided, wherein the gas turbine comprises a
nozzle guide vane and a turbine wheel. The nozzle guide
vane is arranged between an exhaust of a combustion
chamber and the turbine wheel. The turbine wheel is
connected to a turbine shaft. The nozzle guide vane is
arranged to guide hot combustion gases from the com-
bustion chamber to turbine blades of the turbine wheel.
According to the invention, the nozzle guide vane com-
prisesnozzleguideblades radially extendingbetweenan
inner ringof thenozzle guide vaneandanouter ringof the
nozzle guide vane. The outer ring has an inner diameter
that narrows in the direction of gas flowand thus provides
a Venturi effect to accelerate the gas flow between the
inner ring and the outer ring of the nozzle guide vane.
[0032] Thus, the nozzle guide vane provides a specific
geometry of the walls provided by the inner ring and the
outer ring and the guide blades extending there between
in a radial direction to thus maximize the efficiency of the
gas flow towards the turbine blades of the turbine wheel.
[0033] It is noted that the nozzle guide vane is a stator
in the hot section of the gas turbine engine and is funda-
mental for directing theflowofhot combustiongases from
the combustion chamber to the turbine wheel.
[0034] In general, the turboprop engine comprises a
gas turbine assembly with a compressor, a combustor
andanaxial gas turbine.Thegas turbinecomprises theat

least one nozzle guide vane and the at least one turbine
wheel. Preferably, the gas turbine comprises a single
axial turbine stage with one nozzle guide vane and one
turbine wheel.
[0035] The outer ring of the nozzle guide vane has an
inner wall portion that defines a feed gas passage for
feeding the hot combustion gases to the guide blades of
the nozzle guide vane. A diameter of the feed gas pas-
sage as defined by the inner wall of the outer ring initially
decreases in the direction of flow of the hot combustion
gases causing the feeding gas passage to narrow in the
directionof gas flow resulting in anaccelerationof thegas
flow through the feed gas passagedue to aVenturi effect.
[0036] According to a preferred embodiment of the
nozzle guide vane, the diameter of the inner wall portion
of the outer ring increases where the guide blades con-
tact the inner wall portion of the outer ring. Accordingly,
the inner wall of the outer ring has the smallest inner
diameter where hot combustion gases are hitting the
guide blades during operation of the gas turbine.
[0037] According to a further preferred embodiment of
the nozzle guide vane, an outer diameter of an outer wall
portion of the inner ring decreases where the guide
blades contact the outer wall portion of the inner ring.
Thus, he distance between the outer wall of the inner ring
and the inner wall of the outer ring increases in the
direction of gas flow where the guide blades are ar-
ranged. This improves the efficiency of the gas turbine
because it reduces losses caused by the nozzle guide
vane.
[0038] Preferably, the outer ring, the guide blades and
the inner ring are an integral part made of metal.
[0039] Preferably, the nozzle guide vane comprises
between 16 to 24 guide blades, in particular 20 guide
blades. The number of nozzle guide blades preferably is
different from the number of turbine blades of the turbine
wheel.
[0040] According to a preferred embodiment of the
nozzle guide vane, the inner diameter of the inner wall
portion of the outer ring at the entrance of the feed gas
passage corresponds to an outer diameter of the annular
exhaust nozzle of the combustion chamber of the com-
bustor at the exit of the annular exhaust nozzle.
[0041] According to a further preferred embodiment of
the nozzle guide vane, a longitudinal extension of the
feed gas passage along a longitudinal axis of the gas
turbine assembly is about 1.2 to 2.3 times of the exten-
sion of the guide blades of the nozzle guide vane along a
longitudinal axis of the gas turbine assembly.
[0042] Preferably, the inner diameter of the inner wall
portion of the outer ring at the entrance of the feed gas
passage is between 140 mm and 170 mm, for instance
155mm.
[0043] Further preferred features and advantages will
be apparent from the disclosure of exemplary embodi-
ments. Additional aspects of the present invention will
becomemore readily apparent from the detailed descrip-
tion, particularly when taken together with the drawings.
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Figure 1: illustrates an embodiment of a
turboprop engine comprising a
gas turbine according to the in-
vention;

Figure 2: is a perspective view of a com-
bustion chamber;

Figure 3a: is a rear view of the combustion
chamber of figure 2;

Figure 3b: is a side view of the combustion
chamber of figure 2;

Figure 3c: is a front view of the combustion
chamber of figure 2;

Figure 4: is a longitudinal cross-section
through the combustion chamber
of figures 2 and 3;

Figures 5a and 5b: are perspective views of a nozzle
guide vane of the gas turbine of
the turboprop engine according
to the invention;

Figure 6a: is a front view of the nozzle guide
vane according to the invention;

Figure 6b: is a rear view of the nozzle guide
vane according to the invention;

Figure 6c: is a side view of the nozzle guide
vane according to the invention;

Figure 6d: is a central cut away view of the
nozzle guide vane according to
the invention;

Figure 7: is a longitudinal cross-section
through the turbine shaft, the
gas turbine and the combustion
chamber of figures 4 and 5;

Figure 8: is a longitudinal cross-section si-
milar to figure 7 illustrating the
narrowing of the exhaust gas
stream at the exit of the combus-
tion chamber and through the ax-
ial gas turbine;

Figure 9a and b: are perspective views of the com-
bustion chamber together with
the turbine shaft and the axial
gas turbine;

Figure 10a: is a rear view of a fuel injection
nozzle;

Figure 10b: is a side view of a fuel injection
nozzle;

Figure 10c: is a bottom view of a fuel injection
nozzle;

Figure 10d: is a top view of a fuel injection
nozzle;

Figure 11a: is a front view of the fuel injection
nozzle of figure 7;

Figure 11b: is a longitudinal cross-section
through the fuel injection nozzle
of figure 10 and

Figure 12: illustrates the individual parts the
fuel injection nozzle of figures 10
and 11 is composed of.

As illustrated in figure 1, the main components of a
turboprop engine 10 are a gas turbine assembly 20 that
can drive amain shaft 30 of a propeller 12 via a reduction
gear. The reduction gear comprises a helical reduction
gearing 40, a centrifugal clutch 24 and a planetary re-
duction gear 32.
[0044] The gas turbine engine 20 comprises a com-
pressor 22, for instance a centrifugal compressor. Com-
pressed air provided by the centrifugal compressor 22 is
fed into a combustor 24, for instance a combustor with an
annular combustion chamber 24.1 with an outlet nozzle
24.3 for the hot exhaust that feeds the hot exhaust to a
turbine, for instance an axial turbine 26. The axial turbine
26 drives the centrifugal compressor 22 and - via the
planetary reduction gear - the propeller 12.
[0045] The turboprop engine 10 as shown in figure 1
comprisesagas turbineassembly20withasingle turbine
stage 26. The gas turbine assembly 20 comprises a
stationary nozzle guide vane 26.1 and a turbine wheel
26.2 that is connected to a gas turbine shaft 28. The gas
turbine shaft 28 is also connected to the centrifugal
compressor 22. Accordingly, gas turbine 26 can drive
compressor 22 of turboprop engine 10. Turbine shaft 28
is also connected to a reduction gear 32 that in turn is
connected to a propeller 12 by means of gas turbine
assembly 20.
[0046] During operation, the compressor 22 takes air
from the environment, compresses the air and pushes
the compressed air into the combustion chamber 24.1
wherein the compressed air is mixed with fuel and com-
busted by a spark. The combustion chamber nozzle 24.3
directs the resulting flow of hot combustion gases to the
axial turbine 26. The axial turbine 26 comprises a single
turbine stage with the nozzle guide vane 26.1 and the
single turbine wheel 26.2. As mentioned above, the
turbine wheel 26.2 drives the turbine shaft 28 that is
connected to the centrifugal compressor 22 and the
planetary reduction gear 32. The rotation speed of the
turbine shaft 28 is reduced by the helical reduction gear-
ing 40 and the planetary reduction gear 32 to a fraction in
order to provide a rotation speed that is suitable for
driving a standard propeller 12.
[0047] Anumber of improvements contribute to amore
efficient turboprop engine providing a power between
100 kW and 400 kW.

The compressor 22

[0048] The compressor 22 is a centrifugal compressor
comprisingacentrifugal impeller 22.1, adiffuser 22.2 (not
shown) and a collector (not shown). As the air passes
through the impeller 22.1, thekinetic andpotential energy
increase. The diffuser 22.2 converts the air flow’s kinetic
energy (high velocity) into increased potential energy
(static pressure) by gradually slowing (diffusing) the
gas velocity. The collector gathers the flow from the
diffuser 22.2 discharge annulus and delivers this flow
downstream to an open space 23 surrounding the com-

5

10

15

20

25

30

35

40

45

50

55



6

9 EP 4 553 388 A1 10

bustor’s combustion chamber.

The combustor 24

[0049] The combustor has an annular combustion
chamber 24.1. The annular combustion chamber 24.1
is enclosed by a wall 24.2 with an inner wall portion
24.2.1, a front wall portion 24.2.2 and an outer wall
portion 24.2.3. The front wall portion 24.2.2 closes the
combustion chamber 24.1at a combustion chamber front
end. The inner wall portion 24.2.1 and the outer wall
portion 24.2.3 define an open annular nozzle 24.3 at
the rear side of the combustion chamber 24.1. Holes
24.4 in the wall 24.2 enclosing the combustion chamber
24.1 allow entering of compressed air from the open
space 23 surrounding the combustion chamber into
the inner space 24.5 of the combustion chamber. The
combustion chamber 24.1 is the place where the mixing
of the compressed high pressure air and fuel occurs and
the mixture is combusted. Since the combustion gener-
ates a very high temperature, part of the compressed
high pressure air entering the inner space 24.5 of the
combustion chamber24.1 is used to cool down the metal
walls 24.2 of the combustion chamber. The purpose of
the holes 24.4 is to keep flames of the burning fuel away
from the metal walls 24.2 thus keeping the combustion
chamber wall temperature under a limit temperature.
[0050] Another purpose of holes in walls of prior art
combustion chambers walls is to generate a vortex to
make the mixing of compressed air and fuel more effi-
cient. That is why the combustor design is different for
each gas turbine engine.
[0051] In the case of the instant turboprop engine 10,
the combustion chamber 24.1 must handle a mixture of
fuel and air that is fed into the combustion chamber 24.1
by one or more fuel injection nozzles 24.7. With annular
combustion chambers, typically multiple fuel injection
nozzles 24.7 are provided and arranged around the
circumference of the combustion chamber 24.1. Prior
art combustion chambers have special holes in the com-
bustion chamber wall around the fuel injection nozzle to
make a vortex with the fuel. In the instant turboprop
engine the vortex is generatedby the fuel injection nozzle
itself so the holes of the combustion chamber wall in this
area are only to produce an upper vortex that keep the
flameand the heat away from thewalls of the combustion
chamber.
[0052] Similarly, the other holes 24.4 in the wall of the
instant combustion chamber 24.1 are basically provided
to allow more air entering the inner space 24.5 of the
combustion chamber 24.1 in order to improve the com-
bustion and to keep the heat away from the combustion
chamber walls 24.2.
[0053] While the instant turboprop engine 10 can be
realized with different kinds of combustion chambers, a
combustion chamber 24.1 as disclosed herein is bene-
ficial because it improves the efficiency of the gas turbine
assembly 20.

[0054] A beneficial feature of the instant combustor 24
as disclosed herein is the design of the inner wall portion
and the outerwall portion in the region of the nozzle at the
rear and of the combustion chamber. As is apparent from
figures 3 to 4, the inner cross-sectional diameter of the
inner space of the combustion chamber - as defined by
the radial distance between the inner wall portion and the
outer wall portion of the combustion chamber wall -
initially decreases (narrows) towards the open end of
the combustion chamber nozzle and ultimately widens
again, thus causing aVenturi effect where radial distance
between the inner wall portion and the outer wall portion
is smallest.
[0055] Keyhole shaped orifices (holes) 24.4.1 in the
outerwall portion 24.2.3 allowentering of compressed air
in the nozzle area of the combustion chamber 24.1. The
entering of compressed air as promoted by the Venturi
effect caused by the particular shape of the inner wall
portion24.2.1 and theouterwall portion24.2.3 in thearea
of the combustion chamber annular nozzle portion 24.3.
[0056] The desired effect is improved by the design of
the inner wall portion 24.2.1 of the combustion chamber
wall 24.2. As can be seen for instance in figure 4, the
distance of the inner wall portion 24.2.1 from the long-
itudinal axis of the gas turbine assembly 20 initially in-
creases in thedirectionof acombustiongasflowand then
decreases again thus defining an apex 24.6. Thus, to-
gether with the shape of the outer wall portion 24.2.3, the
Venturi effect is promoted.
[0057] Theadditional air sucked into the nozzle portion
24.3 of the combustion chamber 24.1 due to the Venturi
effect increases the mass flow of air exiting the combus-
tion chamber 24.1 and streaming to the nozzle guide
vane 26.1 of the gas turbine stage 26. This is achieved by
the shape of the inner wall portion 24.2.1 and the outer
wall portion 24.2.3. The shape provides that the inner
cross-sectional diameter of theannular inner spaceof the
combustion chamber 24.1 initially decreases (narrows)
towards the open end of the combustion chamber nozzle
24.3 and ultimately widens again, thus causing the afore-
mentioned Venturi effect where the radial distance be-
tween the inner wall portion 24.2.1 and the outer wall
portion 24.2.3 is smallest.
[0058] The Venturi effect created by the annular Ven-
turi nozzles portion of the combustion chamber improves
the mass flow exiting from the combustion chamber and
is fed to theaxial turbine of the gas turbine assembly, thus
improving the efficiency of the gas turbine assembly 20.
[0059] The preferred shape of the combustion cham-
ber’s annular nozzle portion 24.3 preferably is achieved
by varying the distance of the inner wall portion 24.2.1
from a longitudinal axis of the gas turbine assembly 20
along the longitudinal axis of the gas turbine assembly
20. The distance initially increases in the direction of a
combustion gas flow and then decreases again thus
defining an apex 24.6 that together with the outer wall
portion 24.2.3 of the combustion chamber wall 24.2
defines the Venturi nozzle 24.7.6 for accelerating the
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hot combustion exhaust gasesand for causing a reduced
static pressure in inner space 24.5 close to the combus-
tion chamber annular nozzle 24.3.
[0060] Thecombustion chamber 24.1 is surroundedby
the open space 23 that during operation is filled with
compressed air. Where the outer wall portion 24.2.3
narrows towards to an open end of the annular nozzle
portion 24.3 of the combustion chamber 24.1, orifices or
holes 24.4.1 are provided. The holes 24.4.1 are placed
where during operation a reduced static pressure exists
in the inner space24.5, thusallowingair entering from the
surrounding open space 23 into the inner space 24.5 and
increasing the mass flow of the hot combustion gases
exiting the combustion chamber 24.1. This improves the
efficiency of the gas turbine assembly.
[0061] Asmentioned above, the holes 24.4.1 provided
in the narrowing outer wall portion 24.2.3 have a keyhole
shape.
[0062] Further, the outer wall portion 24.2.3 comprises
a generally cylindrical sub-portion 24.2.5 in which an
annular vortex generating protrusion 24.2.6 is arranged,
that protrudes into the inner space 24.5 enclosed by the
combustion chamber wall 24.2. The annular vortex gen-
erating protrusion 24.2.6 improves mixing of fuel and
compressed air and provides for an equal and complete
combustion, thus improving the efficiency of the gas
turbine assembly.
[0063] The annular vortex generating protrusion
24.2.6 comprises an upstream wall portion 24.2.7 facing
towards the fuel injectionnozzles 24.7andadownstream
wall portion 24.2.8 facing away from the fuel injection
nozzles 24.7. The vortex generating holes 24.4.2 are
arranged in the downstream wall portion 24.2.8. This
further improves the efficiency of the gas turbine assem-
bly.
[0064] Further, the inner wall portion 24.2.1 comprises
a frusto-conical shaped wall sub-portion 24.2.12 with a
diameter that increases towards the annular Venturi
nozzles portion 24.3 of the combustion chamber24.1.
The frusto-conical shaped wall sub-portion 24.2.12 pro-
vides that the annular free space between the inner wall
portion 24.2.1 and the outer wall portion 24.2.3 de-
creases, thus causing an acceleration of the hot combus-
tion gases during operation and a decreasing static
pressure in the annular free space between the inner
wall portion 24.2.1 and the outer wall portion 24.2.3. The
frusto-conical shaped wall sub-portion 24.2.12 of the
inner wall portion 24.2.1 is provided with holes 24.4
allowing compressed air from the surrounding open
space 23 entering into the inner space 24.5. This in-
creases the mass flow of the hot combustion gases
exiting the combustion chamber 24.1. The increased
mass flow further improves the efficiency of the gas
turbine assembly. The holes 24.5 in the frusto-conical
shaped wall sub-portion 24.2.8 of the inner wall portion
24.2.1 are arranged in eight rows along the longitudinal
axis of the gas turbine assembly 20. The rows are equally
spacedwith respect to the circumferential direction of the

frusto-conical shaped wall sub-portion 24.2.8. Each row
comprises five holes 24.5 of different size and diameter,
respectively.
[0065] The combustor comprises four fuel injection
nozzles 24.7 that are equally spaced from each other
with respect to the circumferential direction of the cylind-
rical sub-portion 24.2.5. This arrangement of fuel injec-
tion nozzles supports producing a homogeneous stream
of hot combustion gases for driving the axial gas turbine
of the gas turbine assembly. As is apparent from figure 2,
the cylindrical sub-portion 24.2.5 of the outer wall portion
24.2.3 is providedwith four openings 24.2.9 formounting
the fuel injection nozzles 24.7.
[0066] Further parts of the combustor 24 not shown
herein but known to the skilled person in general are an
igniter systemand spark plugs 24.8. The combustor 24 is
provided with four fuel injection nozzles 24.7 equally
spaced around the circumference of the front part of
the combustion chamber. The combustor 24 is further
provided with two spark plugs 24.8 that are arranged
downstream of two of the fuel injection nozzles 24.7.

The fuel injection nozzle 24.7

[0067] As disclosed above, a combustor 24 of a gas
turbine assembly 20 typically is provided with multiple
fuel injection nozzles 24.7 as shown in figures 10 to 12.
The fuel injection nozzles 24.7 are feeding the fuel, for
instance kerosene, into the inner space of the combus-
tion chamber 24.1. The main purpose of each fuel injec-
tion nozzle 24.7 is to vaporize the fuel that is injected into
the combustion chamber 24.1 with high pressure. Fuel
injection nozzles 24.7may have a central fuel duct 24.7.1
that is surrounded by a coaxial air duct 24.7.2. Fuel is fed
into a proximal end of the fuel duct 24.7.1 and can exit the
fuel duct at a fuel nozzle 24.7.3 at the distal end of the fuel
duct 24.7.1. Typically, a fuel injection nozzle 24.7 is
provided with a fuel intake connector 24.7.4 and a fuel
return connector 24.7.5 that both are connected to the
proximal end of the fuel duct 24.7.1 for allowing the fuel to
circulate and to supply several fuel injection nozzles 24.7
in series.
[0068] The air duct 24.7.2 surrounding the fuel duct
24.7.1 provides that fuel exiting at a fuel nozzle 24.7.3 at
the distal end of the fuel duct 24.7.1 is surrounded by an
airstream that prevents the fuel from sticking to parts of
the fuel injection nozzle 24.7.
[0069] The fuel injection nozzle 24.7 of the instant
turboprop engine 10 is provided with a Venturi nozzle
24.7.6 formed at the distal end of the air duct 24.7.2
surrounding the fuel nozzle 24.7.3 of the fuel duct
24.7.1. Directly in line with the fuel duct 24.7.1 in front
of the fuel nozzle 24.7.3 of the fuel duct 24.7.1 a baffle
body 24.7.7 is arranged. The baffle body 24.7.7 has the
shapeofan invertedconeand isheldbyapin24.7.8 in the
middle of the Venturi nozzle 24.7.6 at the distal orifice of
the air duct 24.7.2. The baffle body 24.7.7 has a cone tip
24.7.9 facing away from the fuel nozzle 24.7.3 and a
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baffle face 24.7.10 facing towards the fuel nozzle 24.7.3.
[0070] The arrangement of a Venturi nozzle 24.7.6 for
the fuel injector air stream in front of the fuel nozzle 24.7.3
of the fuel duct 24.7.1 combined with the baffle body
24.7.7 provides for an intensemixing of fuel and air. Even
if the fuel is injected with a lower pressure than usual.
[0071] Further, the air in the coaxial air duct 24.7.2 is
enrichedwith 1% to8%of hydrogen further improving the
mixture provided by the fuel injection nozzle 24.7.
[0072] Fuel exiting the fuel nozzle 24.7.3 at the end of
the fuel duct 24.7.1 hits the baffle body 24.7.7 and thus is
vaporizedeven if thepressure in the fuel duct24.7.1 isnot
high enough to cause vaporization of the fuel alone.
[0073] The baffle body 24.7.7 - shaped as an inverted
cone - together with the Venturi shape of the air duct’s
Venturi nozzle 24.7.6 surrounding the baffle body 24.7.7
in front of the fuel duct nozzle 24.7.3 causes a Venturi
effect that accelerates the stream of air mixed with fuel.
This further improves vaporization of the fuel.
[0074] The reduced fuel pressure in the fuel duct 24.7.1
results in less fuel being injected into the combustion
chamber 24.While this generally improves the efficiency,
it also leads to less power provided by the combusted
mixture of fuel and air. Adding a small amount of hydro-
gen to the mixture does not increase the temperature of
the combusted fuel mixture but makes the combustion
60% more clean than a prior art combustion.
[0075] The Venturi nozzle 24.7.6 with the baffle body
24.7.7 in front of the fuel nozzle 24.7.3 of the fuel duct
24.7.1 improves mixing of the fuel with air even at lower
fuel pressures. Additionally adding some amount of hy-
drogenmakes the combustion cleaner and thus reduces
air pollution. In combination, a lower fuel consumption
and less pollution is achieved by means of the novel fuel
injection nozzle 24.7.
[0076] Preferably, thenovel fuel injectionnozzle24.7 is
used in a combustor 24 as disclosed above. As already
mentioned, the fuel injection nozzle 24.7 already pro-
vides a very goodmixing of fuel and air and thus reduces
or eliminates the need for causing vortices in the inner
space of the combustion chamber 24.1. This in turn
improves the efficiency of the combustion chamber 24.1.
[0077] The overall efficiency of the novel combustor 24
with the novel fuel injection nozzle 24.7 is further im-
proved by the design of the combustion chamber nozzle
24.3 that increases themass stream exiting the combus-
tion chamber 24.1 by drawing air into the combustion
chamber nozzle 24.3 as the result of a Venturi effect
achieved by the shape of the exhaust nozzle 24.3 of
the combustion chamber 24.1.
[0078] It is noted, that both, the particular combustion
chamber and the particular fuel injection nozzle can be
used separately and implemented independent from
each other in different gas turbine engines.
[0079] The instant combustion chamber has a unique
design in thegeneral inside shape that uses the inner and
external ring to generate aVenturi effect to accelerate the
flow to theexit of the combustion chambermakingahigh-

pressure flow of the combustion to be used more effi-
ciently.
[0080] The gas turbine assembly 20 comprises the
compressor 22, the combustor 24 and the axial gas
turbine 26.
[0081] Gas turbine 26 of gas turbine assembly 20 is a
single stageaxial gas turbine.Accordingly, gas turbine26
comprises one static nozzle guide vane assembly 26.1
and one turbine wheel 26.2 that rotates during operation
of gas turbine 26. Turbine wheel 26.2 is connected to the
turbine shaft 28 that is also connected to the centrifugal
impeller 22.1 of compressor 22. Thus, gas turbine 26 can
drive the compressor 22. Turbine shaft 28 further is
connected to the main shaft 30 to which the propeller
12 ismounted. The drive train from the turbine shaft 28 to
themain shaft 30 comprises the helical reduction gearing
40, the centrifugal clutch 34 and the planetary reduction
gear 32. The turbine shaft 28 is operatively connected to
the centrifugal clutch 34 by the helical reduction gearing
40. The helical reduction gearing 40 comprises a pinion
on the turbine shaft 28 and a main gear that is driven by
the pinion. An input assembly of the centrifugal clutch 34
is connected to the main gear of the helical reduction
gearing 40. The centrifugal clutch 34 provides that tur-
bine shaft 28 only drives the planetary reduction gear 32
and thus propeller 12 if the rotation speed of the gas
turbine assembly 20 is high enough.

The axial gas turbine 26

[0082] Regarding the axial gas turbine 26, it is impor-
tant, that the flow characteristics of the gas turbine 26 are
carefully matched with those of the compressor 22 and
the combustor 24 to obtain a maximum efficiency and
performance of the gas turbine assembly 20 during op-
eration. In case thenozzle guide vane26.1wouldallow to
lowermaximumflow, thenabackpressurewouldbuild up
causing the compressor 22 to surge. On the other hand,
too high flow through the nozzle guide vane 26.1 might
cause the compressor to choke. In either condition a loss
of efficiency very rapidly occurs.
[0083] Regarding the axial gas turbine 26, it is noted,
that the guide blades 26.1.3 of nozzle guide vane 26.1
have a cross section corresponding to an airfoil shape.
Passages between adjacent guide blades 26.1.3 form a
convergent duct. The guide blades 26.1.3 are arranged
between the outer ring 26.1.1 and the inner ring 26.1.2 in
amanner that allows for expansion of the hot combustion
gases flowing between the guide blades 26.1.3.
[0084] Similarly, the turbine blades 26.2.1 also have
cross sections with an airfoil shape. The turbine blades
26.2.1 are designed to provide passages between ad-
jacent turbine blades 26.2.1 that give a steady accelera-
tion of the flow of hot combustion gases up to where the
area between the turbine blades 26.2.1 is smallest and
the velocity of the hot combustion gases is high enough
as required at the exit to produce the required degree of
reaction.
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The nozzle guide vane 26.1 of the axial gas turbine 26

[0085] Theaxial gas turbine26comprisesan improved
nozzle guide vane 26.1 that directs the stream of hot
combustion gases towards turbine blades of turbine
wheel 26.2. As pointed out above, in the embodiment
disclosed herein, the axial gas turbine 26 has a single
turbine stage, i.e. only one turbine wheel.
[0086] The improved nozzle guide vane 26.1 com-
prises an outer ring 26.1.1, an inner ring 26.1.2 and guide
blades 26.1.3 extending between the inner ring 26.1.2
and theouter ring26.1.1 ina radial direction; seefigures5
and 6. The guide blades 26.1.3 of nozzle guide vane 26.1
redirect the flow of hot combustion gases coming out of
the combustion chamber’s annular nozzle 24.3 andgives
a spin to the stream of hot combustion gases in the
direction of the rotation of the turbine blades.
[0087] The outer ring 26.1.1 has an inner wall portion
defining a feed gas passage 26.1.5 for feeding the hot
combustion gases to the guide bladesof the nozzle guide
vane 26.1.
[0088] The diameter of the feed gas passage 26.1.5 as
defined by the inner wall 26.1.4 of the outer ring 26.1.1
initially decreases in the direction of flow of the hot
combustion gases. This has the effect that the stream
of hot combustion gases is accelerated prior to reaching
the guide blades 26.3. This implies, that the outer ring
26.1.1 protrudes with respect to the guide blades 26.1.3
against the direction of flow of the hot combustion gases.
As canbe taken fromfigure 6c, the longitudinal extension
of the outer ring 26.1.1 - i.e. the extension of the outer ring
in the direction of air flow or in the longitudinal direction of
shaft 28 - is 1,5 to 3 times larger than the extension of the
inner ring 26.1.2 and the extension of the guide blades
26.1.3 in the longitudinal direction. Accordingly, a long-
itudinal extension of the feed gas passage along a long-
itudinal axis of the gas turbine assembly is about 1,2 to
2,3 times of the extension of the guide blades of the
nozzle guide vane along a longitudinal axis of the gas
turbine assembly.
[0089] The diameter of the inner wall portion of the
outer ring 26.1.1 increases where the guide blades
26.1.3 contact the inner wall portion of the outer ring
26.1.1. Accordingly the inner wall of the outer ring
26.1.1 has a smallest inner diameter where hot combus-
tion gases are hitting the guide blades 26.1.3 during
operation of the gas turbine 26.
[0090] An outer diameter of an outer wall portion of the
inner ring 26.1.2 decreases where the guide blades
26.1.3 contact the outer wall portion of the inner ring
26.1.2. Thus, the distance between the outer wall
26.1.6 of the inner ring 26.1.2 and the inner wall 26.1.4
of the outer ring 26.1.1 increases in the direction of gas
flow where the guide blades 26.1.3 are arranged. This
improves the efficiency of the gas turbine 26 because it
reduces losses caused by the nozzle guide vane 26.1.
[0091] The outer ring 26.1.1, the guide blades 26.1.3
and the inner ring 26.1.2 are an integral part made of

metal.
[0092] Thenozzle guide vane26.1 comprises20 guide
blades 26.1.3. The number of nozzle guide blades pre-
ferably is different from the number of turbine blades
26.2.1 of the turbine wheel 26.2.
[0093] The inner diameter of the inner wall portion of
the outer ring 26.1.1 at the entrance of the feed gas
passage 26.1.5 corresponds to an outer diameter of
theannular exhaust nozzle 24.3of the combustion cham-
ber 24.1 of the combustor 24 at the exit of the annular
exhaust nozzle 24.3.
[0094] The inner diameter of the inner wall portion of
the outer ring at the entrance of the feed gas passage is
between 140 mm and 170 mm, for instance 155 mm.
[0095] Regarding the combustor 24, an improved fuel
injection nozzle 24.7 andan improved combustion cham-
ber 24.1 are provided. For improving the gas turbine
assembly 20, an improved nozzle guide vane 26.1 and
a self-lubricating turbine main shaft 28 are provided.
These improvements may be implemented indepen-
dently from each other, i.e. the improved fuel injection
nozzle or the improved combustion chamber or the im-
proved nozzle guide vane or the self-lubricating turbine
main shaft or a combination thereofmay be implemented
with any known or future gas turbine engine.

Reference numerals

[0096]

10 turboprop engine
12 propeller
14 air intake
20 gas turbine assembly
22 compressor of the gas turbine assembly
22.1 impeller
22.2 diffuser
23 open space surrounding the combustor’s

combustion chamber
24 combustor
24.1 combustion chamber of gas turbine assem-

bly
24.2 combustion chamber wall
24.2.1 inner wall portion of the combustion chamber

wall
24.2.2 front wall portion of the combustion chamber

wall
24.2.3 outer wall portion of the combustion chamber

wall
24.2.4 cylindrical sub-portion of the outer wall por-

tion
24.2.5 annular vortex generating protrusion
24.2.6 upstream wall portion of the annular vortex

generating protrusion
24.2.7 downstream wall portion of the annular vor-

tex generating protrusion
24.2.8 frusto-conical shaped wall sub-portion of the

inner wall portion
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24.2.9 opening for mounting a fuel injection nozzle
24.3 annular Venturi nozzles portion of the com-

bustion chamber
24.4 holes in the combustion chamber wall
24.4.1 holes in the annular Venturi nozzle portion of

the combustion chamber
24.4.2 holes in the vortex generating protrusion
24.5 inner space of the combustion chamber
24.6 apex of the inner combustion chamber wall
24.7 fuel injection nozzle
24.7.1 fuel duct of the fuel injection nozzle
24.7.2 air duct of the fuel injection nozzle
24.7.3 fuel nozzle of the fuel injection nozzle
24.7.4 fuel intake connector
24.7.5 fuel return connector
24.7.6 Venturi nozzle
24.7.7 baffle body
24.7.8 pin for holding the baffle body
24.7.9 cone tip of the baffle body
24.7.10 baffle face of the baffle body
24.8 spark plug
26 axial gas turbine stage of the gas turbine as-

sembly
26.1 nozzle gas vane of the axial gas turbine
26.1.1 outer ring of the nozzle gas vane
26.1.2 inner ring of the nozzle gas vane
26.1.3 guide blades of the nozzle gas vane
26.1.4 inner wall of the outer ring of the nozzle gas

vane
26.1.5 feed gas passage
26.1.6 outer wall of the inner ring of the nozzle gas

vane
26.2 turbine wheel of the axial gas turbine
26.2.1 turbine blade
28 gas turbine shaft
28.1 shaft tunnel for the gas turbine shaft
30 main shaft, propeller shaft
32 planetary reduction gear
34 centrifugal clutch
36 starter/generator
38 starter gearbox
40 helical reduction gearing

Claims

1. Combustor (24) for a gas turbine assembly (20), said
combustor comprising a plurality of fuel injection
nozzles (24.7) and an annular combustion chamber
(24.1) that comprises an inner space (24.5) that is
enclosed by a combustion chamber wall (24.2) with
an inner wall portion (24.2.1), a front wall portion
(24.2.2) and an outer wall portion (24.2.3), wherein
the front wall portion (24.2.2) closes the combustion
chamber (24.1) at a combustion chamber front end
and wherein the innerwall portion (24.2.1) and the
outer wall portion (24.2.3) define an open annular
nozzle (24.3) at the rear side of the combustion
chamber (24.1), wherein the fuel injection nozzles

are circumferentially arranged around the outer wall
portion (24.2.3) and protrude into the inner space
(24.5) enclosed by the combustion chamber wall
(24.2),
characterized in that the innerwall portion (24.2.1)
and theouterwall portion (24.2.3) areshapedsoas to
provide that the inner cross-sectional diameter of the
annular inner space of the combustion chamber
(24.1) initially decreases (narrows) towards theopen
end of the combustion chamber nozzle (24.3) and
ultimatelywidensagain, thuscausingaVenturi effect
where a radial distance between the inner wall por-
tion (24.2.1) and the outer wall portion (24.2.3) is
smallest.

2. Combustor (24) according to claim 1, wherein the
distance of the inner wall portion (24.2.1) from a
longitudinal axis of the gas turbine assembly (20)
initially increases in thedirectionofa combustiongas
flowand then decreases again thus defining an apex
(24.6) that together with the outer wall portion
(24.2.3) of the combustion chamber wall (24.2) de-
fines a Venturi nozzle (24.7.6) for accelerating the
hot combustion exhaust gases and causing a low-
ered static pressure in the inner space (24.5) close to
the combustion chamber annular nozzle (24.3).

3. Combustor (24) according to claim 1 or 2, wherein
the combustion chamber (24.1) is surrounded by an
open space (23) that during operation is filled with
compressed air and wherein the outer wall portion
(24.2.3) narrows towards to an open end of the
annular nozzle portion (24.3) of the combustion
chamber (24.1) and wherein holes (24.4.1) are pro-
vided in the narrowing outer wall portion (24.2.3),
said holes (24.4.1) being placed where during op-
eration a reduced static pressure exists in the inner
space (24.5), thus allowing air entering from the
surrounding open space (23) into the inner space
(24.5) and increasing the mass flow of the hot com-
bustion gases exiting the combustion chamber
(24.1).

4. Combustor (24) according to claim 1, wherein the
holes (24.4.1) provided in the narrowing outer wall
portion (24.2.3) have a keyhole shape.

5. Combustor (24) according to at least one of claims 1
to 4, wherein the outer wall portion (24.2.3) com-
prises a generally cylindrical sub-portion (24.2.4) in
which an annular vortex generating protrusion
(24.2.5) is arranged, that protrudes into the inner
space (24.5) enclosed by the combustion chamber
wall (24.2).

6. Combustor (24) according to claim 5, wherein an-
nular vortex generating protrusion (24.2.5) com-
prises an upstream wall portion (24.2.6) facing to-
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wards the fuel injection nozzles (24.7) and a down-
streamwall portion (24.2.7) facingaway from the fuel
injection nozzles (24.7) and wherein vortex generat-
ing holes (24.4.2) are arranged in the downstream
wall portion (24.2.7).

7. Combustor (24) according to at least one of claims 1
to 6, wherein the inner wall portion (24.2.1) com-
prises a frusto-conical shaped wall sub-portion
(24.2.12) with a diameter that increases towards
the annular Venturi nozzles portion (24.3) of the
combustion chamber (24.1) and provides that the
annular free space between the innerwall portion
(24.2.1) and the outerwall portion (24.2.3) de-
creases, thus causing an acceleration of the hot
combustion gases during operation and a decreas-
ing static pressure in the annular free spacebetween
the inner wall portion (24.2.1) and the outer wall
portion (24.2.3).

8. Combustor (24) according to claim 7, wherein the
frusto-conical shapedwall sub-portion (24.2.8) of the
inner wall portion (24.2.1) is provided with holes
(24.4) allowing compressed air from the surrounding
open space (23) entering into the inner space (24.5)
and increasing the mass flow of the hot combustion
gases exiting the combustion chamber (24.1).

9. Combustor (24) according to at least one of claims 1
to 6, wherein the combustor comprises four fuel
injection nozzles (24.7) that are equally spaced from
each other.

10. Turboprop engine (10) comprising a gas turbine
assembly (20) with a compressor (22), a combustor
(24) and an axial gas turbine (26), wherein the gas
turbine (26) comprises a nozzle guide vane (26.1)
and a turbine wheel (26.2), and wherein the com-
bustor (24) is a combustor according to at least one
of claims 1 to 9.

11. Turboprop engineaccording to claim10,wherein the
nozzle guide vane (26.1) is arranged between an
annular exhaust nozzle (24.3) of the combustion
chamber (24.1) of the combustor (24) and the turbine
wheel (26.2), the turbinewheel (26.2) is connected to
a turbine shaft (28) and the nozzle guide vane (26.1)
is arranged to guide hot combustion gases from the
combustion chamber (24.1) to turbine blades
(26.2.1) of the turbine wheel (26.2),

wherein the nozzle guide vane (26.1) comprises
guide blades (26.1.3) radially extending be-
tween an inner ring (26.1.2) of the nozzle guide
vane (26.1) and an outer ring (26.1.1) of the
nozzle guide vane (26.1), the outer ring
(26.1.1) having an inner wall portion (26.1.4)
defining a feed gas passage (26.1.5) for feeding

the hot combustion gases to the guide blades
(26.1.3) of the nozzle guide vane (26.1),
wherein an inner diameter of the feed gas pas-
sage (26.1.5) as defined by the inner wall
(26.1.4) of the outer ring (26.1.1) at the entrance
of the feed gas passage (26.1.5) corresponds to
an outer diameter of the annular exhaust nozzle
(24.3) of the combustion chamber (24.1) of the
combustor (24) at the exit of the annular exhaust
nozzle (24.3).
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