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(54) GAS TURBINE AND TURBOPROP ENGINE
(57)  Theinvention concerns a turboprop engine (10)
comprising a gas turbine assembly (20) with a compres-
sor (22), a combustor (24) and an axial gas turbine (26).
The gas turbine (26) comprises a nozzle guide vane
(26.1) and a turbine wheel (26.2). The nozzle guide vane
(26.1) is arranged between an annular exhaust nozzle
(24.3) of a combustion chamber (24.1) of the combustor
(24) and the turbine wheel (26.2), the turbine wheel (26.2)
being connected to a turbine shaft (28) and the nozzle
guide vane (26.1) being arranged to guide hot combus-
tion gases from the combustion chamber (24.1) to turbine
blades (26.2.1) of the turbine wheel (26.2). The nozzle
guide vane (26.1) comprises guide blades (26.1.3) ra-
dially extending between an inner ring (26.1.2) of the

26.1

Fig. 2

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
aninnerwall portion (26.1.4) defining a feed gas passage
(26.1.5) forfeeding the hot combustion gases to the guide
blades (26.1.3) of the nozzle guide vane (26.1). A dia-
meter 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 de-
creases in the direction of flow of the hot combustion
gases causing the feeding gas passage (26.1.5) to nar-
row in the direction of gas flow resulting an accelerating
the gas flow between the innerring (26.1.2) and the outer
ring (26.1.1) of the nozzle guide vane (26.1) due to a
Venturi effect.

26.1

b)
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Description

[0001] The invention relates to a gas turbine engine
and a gas turbine. The invention relates in particular to a
nozzle gas vane for 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 wheel. The compres-
sor is fed with air from the environment, compresses the
air and feeds the compressed air to the combustion
chamber. In the combustion chamber, the compressed
air is mixed with fuel and the mixture is ignited and
combusts. The hot combustion gases then drive a gas
turbine that in turn drives the compressor and the pro-
peller.

[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 turbine engines can comprise an
axial compressor or a centrifugal (i.e. radial) compressor.
The turbine of the gas turbine engine in most cases is an
axial turbine with one or more turbine stages. Turboprop
gas turbine engines can have separate turbines for driv-
ing the propeller and for driving the compressor. Alter-
natively, the compressor can be fixed to the same shaftas
the turbine for driving the propeller. Then, only one tur-
bine 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 turbine wheels (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
ontothe turbine blades. The nozzle guide vane also helps
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 the most 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.
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[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 200 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] Itis therefore an object of the invention to pro-
vide a turboprop engine for small airplanes with improved
efficiency.

[0010] Accordingto afirstaspect, agas 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 vaneis
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 combustion cham-
berto turbine blades of the turbine wheel. According to the
invention, the nozzle guide vane comprises nozzle guide
blades radially extending between an inner ring of the
nozzle guide vane and an outer ring of the nozzle guide
vane. The outerring has aninner diameter that narrowsin
the direction of gas flow and thus provides a Venturi effect
to accelerate the gas flow between the inner ring and the
outer ring of the nozzle guide vane.

[0011] 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.
[0012] Itis noted that the nozzle guide vane is a stator
in the hot section of the gas turbine engine and is funda-
mental for directing the flow of hot combustion gases from
the combustion chamber to the turbine wheel.

[0013] In general, the turboprop engine comprises a
gas turbine assembly with a compressor, a combustor
and an axial turbine wheel. The gas turbine comprises the
atleastone nozzle guide vane and the atleast one turbine
wheel. Preferably, the gas turbine comprises a single
axial turbine stage with one nozzle guide vane and one
turbine wheel.

[0014] 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
direction of gas flow resulting an accelerating the gas flow
through the feed gas passage due to a Venturi effect.
[0015] According to a preferred embodiment, the dia-
meter of the inner wall portion of the outer ring increases
in a downstream direction - i.e. in the direction of flow of
the hot combustion gases - where the guide blades
contact the inner wall portion of the outer ring. Accord-
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ingly the inner wall of the outer ring has a smallest inner
diameter where hot combustion gases are hitting the
guide blades during operation of the gas turbine.
[0016] According to a preferred embodiment, an outer
diameter of an outer wall portion of the inner ring de-
creases in a downstream direction where the guide
blades contact the outer wall portion of the inner ring.
Thus, the distance between the outer wall of the innerring
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.

[0017] Preferably, the outer ring, the guide blades and
the inner ring are an integral part made of metal.
[0018] 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. Preferably, the number of turbine blades is larger
than the number of nozzle guide blades. In particular, the
number of turbine blades is atleast 20%, preferably about
50% larger than the number of nozzle guide blades.
[0019] Preferably, the extension of the nozzle guide
blades in the direction of flow of the hot combustion gases
is larger than the extension of the turbine blades in the
direction of flow of the hot combustion gases. In particu-
lar, the extension of the nozzle guide blades in the direc-
tion of flow of the hot combustion gases is about 50% to
110% larger than the extension of the turbine blades in
the direction of flow of the hot combustion gases. In other
words, there are preferably fewer nozzle guide blades
than turbine blades but the nozzle guide blades have a
longer extension in the direction of flow of the hot com-
bustion gases than the turbine blades.

[0020] According to a preferred embodiment, 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.

[0021] According to a further preferred embodiment, 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 extension of the guide blades of the
nozzle guide vane along a longitudinal axis of the gas
turbine assembly.

[0022] 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
155 mm

[0023] According to a second aspect that can be com-
bined with the first aspect, a combustor for a gas turbine
assembly is provided. The combustor comprises a plur-
ality of fuel injection nozzles and an annular combustion
chamber. The annular combustion chamber comprises
aninner space thatis enclosed by a combustion chamber
wall with an inner wall portion, a front wall portion and an
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outer wall portion. The front wall portion closes the com-
bustion chamber at a combustion chamber 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 combustion chamber
wall.

[0024] Accordingtotheinvention, the innerwall portion
and the outerwall portion are shaped so as to provide that
the inner cross-sectional diameter of the annular inner
space of the combustion chamber initially decreases
(narrows) towards the open end of 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.
[0025] The Venturi effect created by the annular Ven-
turi nozzle 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.
[0026] 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 the direction of a combustion gas flow
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
the hot combustion exhaust gases and causing alowered
static pressure in the inner space close to the combustion
chamber annular nozzle.

[0027] 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-
proves the efficiency of the gas turbine assembly.
[0028] According to a preferred embodiment of the
combustion chamber, the holes provided in the narrowing
outer wall portion have a keyhole shape.

[0029] 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 chamber wall. The annular vortex generating
protrusion improves mixing of fuel and compressed air
and provides for an equal and complete combustion, thus
improving the efficiency of the gas turbine assembly.
[0030] 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
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vortex generating holes preferably are arranged in the
downstream wall portion. This further improves the effi-
ciency of the gas turbine assembly.

[0031] 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
thatthe annular free space between the inner wall 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.

[0032] 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.
[0033] 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.
[0034] According to a third aspect that can be com-
bined with the first and/or the second aspect, a fuel
injection nozzle for a combustion chamber of a gas
turbine assembly is provided. 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 connector that both are connected to the
proximal end of the fuel duct for feeding pressurized fuel
into the fuel duct and allowing the fuel to circulate in an
external fuel line. The fuel injection nozzle further com-
prises a coaxial air duct coaxially surrounding the fuel
duct and being configured for providing that fuel exiting at
the fuel nozzle at the distal end of the fuel duct is sur-
rounded by an air stream that prevents the fuel from
sticking to parts of the fuel injection nozzle. According
tothe 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 aninnerdiameter 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 the middle of the Venturi nozzle.

[0035] Theinventorfound thatthe Venturinozzle atthe
end of the air duct and in front of the fuel nozzle at the end
of the fuel ductimproves 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-
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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.

[0036] According to a preferred embodiment, the fuel
injection nozzle comprises a baffle body that is arranged
directly inline 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
thusis vaporized evenifthe pressure in the fuel ductis not
high enough to cause vaporizing of the fuel alone. Thus,
the baffle body further improves fuel vaporization.
[0037] 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
the Venturi nozzle and helps controlling flow separation
and forming of a wake downstream of the baffle body.
[0038] Preferably, the baffle body is held by a pinin 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.

[0039] Preferably, the fuel injection nozzle is further
configured for adding hydrogen to the fuel-air mixture that
is formed by the fuel injection nozzle. In particular, 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.

[0040] The preferably reduced fuel pressure in the fuel
ductresultsin 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.

[0041] The Venturinozzle with the baffle body in front of
the fuel nozzle of the fuel ductimproves mixing of the fuel
with air even at lower fuel pressures. Additionally adding
some amount of hydrogen makes the combustion clea-
ner and thus reduces air pollution. Incombination, alower
fuel consumption and less pollution is achieved by means
of the novel fuel injection nozzle.

[0042] Further preferred features and advantages will
be apparent from the disclosure of exemplary embodi-
ments. Additional aspects of the present invention will
become more readily apparent from the detailed descrip-
tion, particularly when taken together with the drawings.

illustrates an embodiment of a
turboprop engine comprising a
gas turbine according to the in-
vention;

Figure 1:

Figures 2a and 2b:  are perspective views of a nozzle

guide vane of the gas turbine of



Figure 3a:

Figure 3b:

Figure 3c:

Figure 3d:

Figure 4:

Figure 5a:

Figure 5b:

Figure 5c¢:

Figure 6:

Figure 7:

Figure 8:

Figure 9a and b:

Figure 10a:

Figure 10b:

Figure 10c:
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the turboprop engine according
to the invention;

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

is a rear view of the nozzle guide
vane according to the invention;

is a side view of the nozzle guide
vane according to the invention;

is a central cut away view of the
nozzle guide vane according to
the invention;

is a perspective view of a com-
bustion chamber;

is a rear view of the combustion
chamber of figure 4;

is a side view of the combustion
chamber of figure 4;

is a front view of the combustion
chamber of figure 4;

is a longitudinal cross-section
through the combustion chamber
of figures 4 and 5;

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

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;

are perspective views of the com-
bustion chamber together with
the turbine shaft and the axial
gas turbine;

is a rear view of a fuel injection
nozzle;

is a side view of a fuel injection
nozzle;

is a bottom view of a fuel injection
nozzle;

10

15

20

25

30

35

40

45

50

55

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

Figure 11 a: is a front view of the fuel injection
nozzle of figure 10;

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.

[0043] As illustrated in figure 1, the main components

of a turboprop engine 10 are a gas turbine assembly 20
that can drive a main 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 pla-
netary reduction 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
comprises agas turbine assembly 20 with a single 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] A numberofimprovements contribute to a more
efficient turboprop engine providing a power between
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100 kW and 400 kW.
The compressor 22

[0048] The compressor 22 is a centrifugal compressor
comprising a centrifugal impeller 22.1, adiffuser 22.2 (not
shown) and a collector (not shown). As the air passes
through theimpeller 22.1, the kinetic and potential 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-
bustor’s combustion chamber.

The combustor 24

[0049] Figures 4 to 6 illustrate a first embodiment of a
combustor 24, while figures 7 to 9 illustrate a second,
alternative embodiment of the combustor 24 with addi-
tional holes 24.4.3 in the combustion chamber wall to-
wards the open space 23 surrounding the combustion
chamber 24.1.

[0050] 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 24.1 ata 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
241 allow entering of compressed air from the open
space 23 surrounding the combustion chamber into
the inner space 24.5 of the combustion chamber. Addi-
tional holes 24.4.3 in the combustion chamber wall to-
wards the open space 23 surrounding the combustion
chamber 24.1 may improve the efficiency; c.f. figures 7 to
9. 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 combus-
tion generates a very high temperature, part of the com-
pressed high pressure air entering the inner space 24.5 of
the combustion chamber 24.1 is used to cool down the
metal walls 24.2 of the combustion chamber. The pur-
pose of the holes 24.4 is to keep flames of the burning fuel
away from the metal walls 24.2 thus keeping the combus-
tion chamber wall temperature under a limit temperature.
[0051] Another purpose of holes in walls of prior art
combustion chambers wall 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.

[0052] 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
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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 generated by the fuel injection nozzle
itself so the holes of the combustion chamber wall in this
area are only to produce an upper vortex that keeps the
flame and the heat away from the walls of the combustion
chamber.

[0053] 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.

[0054] 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 itimproves the efficiency of the gas turbine
assembly 20.

[0055] A beneficial feature of the instant combustor 24
as disclosed herein is the design of the inner wall portion
and the outer wall portion in the region of the nozzle atthe
rear and of the combustion chamber. As is apparent from
figures 5 and 6, 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 a Venturi effect where radial distance
between the inner wall portion and the outer wall portion
is smallest.

[0056] Keyhole shaped orifices (holes) 24.4.1 in the
outer wall portion 24.2.3 allow entering 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
portion 24.2.1 and the outer wall portion 24.2.3 inthe area
of the combustion chamber annular nozzle portion 24.3.
[0057] 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-
creasesin the direction of acombustion gas flow and 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.

[0058] The additional 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
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wall portion 24.2.3. The shape provides that the inner
cross-sectional diameter of the annularinner space of 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.

[0059] 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, thus
improving the efficiency of the gas turbine assembly 20.
[0060] 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
hot combustion exhaust gases and for causing a reduced
static pressure in inner space 24.5 close to the combus-
tion chamber annular nozzle 24.3.

[0061] The combustion chamber24.1is surrounded by
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
inthe 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 combustion gases
exiting the combustion chamber 24.1. This improves the
efficiency of the gas turbine assembly.

[0062] As mentioned above, the holes 24.4.1 provided
in the narrowing outer wall portion 24.2.3 have a keyhole
shape.

[0063] Further, the outer wall portion 24.2.3 comprises
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. The annular vortex gen-
erating protrusion 24.2.5 improves mixing of fuel and
compressed air and provides for an equal and complete
combustion, thus improving the efficiency of the gas
turbine assembly.

[0064] The annular vortex generating protrusion
24.2.5 comprises an upstream wall portion 24.2.6 facing
towards the fuel injection nozzles 24.7 and a downstream
wall portion 24.2.7 facing away from the fuel injection
nozzles 24.7. The vortex generating holes 24.4.2 are
arranged in the downstream wall portion 24.2.7. This
further improves the efficiency of the gas turbine assem-
bly.
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[0065] Further, the inner wall portion 24.2.1 comprises
a frusto-conical shaped wall sub-portion 24.2.8 with a
diameter that increases towards the annular Venturi
nozzles portion 24.3 of the combustion chamber 24.1.
The frusto-conical shaped wall sub-portion 24.2.8 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 24.2.8 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. This increases the
mass flow of the hot combustion gases exiting the com-
bustion 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 spaced with 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.
[0066] 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 4,
the cylindrical sub-portion 24.2.5 of the outer wall portion
24.2 .3 is provided with four openings 24.2.9 for mounting
the fuel injection nozzles 24.7.

[0067] Further parts of the combustor 24 not shown
herein but known to the skilled person in general are an
igniter system and 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

[0068] 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 24.7 may have a central fuel duct 24.7.1
thatis 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
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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.

[0069] The air duct24.7.2 surrounding the fuel duct
24.7 1 provides that fuel exiting at a fuel nozzle 24.7.3
atthe distal end of the fuel duct24.7.1is surrounded by an
airstream that prevents the fuel from sticking to parts of
the fuel injection nozzle 24.7.

[0070] 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
shape ofaninverted coneandis held by apin24.7.8 inthe
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
baffle face 24.7.10 facing towards the fuel nozzle 24.7.3.
[0071] 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 intense mixing of fuel and air. Even
if the fuel is injected with a lower pressure than usual.
[0072] Further, the air in the coaxial air duct 24.7.2 is
enriched with 1% to 8% of hydrogen furtherimproving the
mixture provided by the fuel injection nozzle 24.7.
[0073] 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
vaporized evenifthe pressureinthe fuel duct24.7.1is not
high enough to cause vaporization of the fuel alone.
[0074] 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.

[0075] Thereducedfuel pressureinthefuelduct24.7.1
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.

[0076] 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-
drogen makes 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.

[0077] Preferably, the novelfuelinjectionnozzle24.7 is
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used in a combustor 24 as disclosed above. As already
mentioned, the fuel injection nozzle 24.7 already pro-
vides a very good mixing 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.
[0078] 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 the mass 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.

[0079] Itis 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.

[0080] The instant combustion chamber has a unique
designinthe general inside shape that uses the inner and
external ring to generate a Venturi effect to accelerate the
flow to the exit of the combustion chamber making a high-
pressure flow of the combustion to be used more effi-
ciently.

[0081] The gas turbine assembly 20 comprises the
compressor 22, the combustor 24 and the axial gas
turbine 26.

[0082] Gas turbine 26 of gas turbine assembly 20 is a
single stage axial gas turbine. Accordingly, gas turbine 26
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 is mounted. The drive train from the turbine shaft 28 to
the main 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

[0083] 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 the nozzle guide vane 26.1 would allow to
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lower maximum flow, than a back pressure would build 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.

[0084] Figures 7 and 8illustrate how the combustor 24,
the guide vane 26.1 and the turbine blades 26.2.1 are
arranged with respect to each other (see figure 7) and
how the hot exhaust gases are guided by the annular
Venturi nozzle’s portion of the combustion chamber 24.3,
the nozzle guide vane 26.1 and the turbine blades 26.2.1.
Since the free space defined by the combustion chamber
243, the nozzle guide vane 26.1 and the turbine blades
26.2.1 narrows in the downstream direction, the hot ex-
haust gases are accelerated.

[0085] 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 innerring 26.1.2 in
amanner that allows for expansion of the hot combustion
gases flowing between the guide blades 26.1.3.

[0086] Similarly, the turbine blades 26.2.1 also have
cross section 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.

The nozzle guide vane 26.1 of the axial gas turbine 26

[0087] The axial gasturbine 26 comprises animproved
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.

[0088] The improved nozzle guide vane 26.1 com-
prises an outerring 26.1.1, an innerring 26.1.2 and guide
blades 26.1.3 extending between the inner ring 26.1.2
andthe outerring 26.1.1 in aradial direction; see figures 2
and 3. 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 and gives
a spin to the stream of hot combustion gases in the
direction of the rotation of the turbine blades.

[0089] 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 blades of the nozzle guide
vane 26.1.

[0090] 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
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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 can be taken from figure 3c, the longitudinal extension
ofthe outerring 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.

[0091] 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.

[0092] 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.
[0093] 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.

[0094] Thenozzle guide vane 26.1 comprises 20 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. Preferably, the number
of turbine blades 26.2.1 of the turbine wheel 26.2 is larger
than the number of nozzle guide blades 26.1.3. In parti-
cular, the number of turbine blades 26.2.1 of the turbine
wheel 26.2 is at least 20%, preferably about 50% larger
than the number of nozzle guide blades 26.1.3.

[0095] Preferably, the extension of the nozzle guide
blades 26.1.3 in the direction of flow of the hot combus-
tion gases is larger than the extension of the turbine
blades 26.2.1 of the turbine wheel 26.2 in the direction
of flow of the hot combustion gases. In particular, the
extension of the nozzle guide blades 26.1.3 in the direc-
tion of flow of the hot combustion gases is about 50% to
110% larger than the extension of the turbine blades
26.2.1 of the turbine wheel 26.2 in the direction of flow
of the hot combustion gases. In other words, there are
preferably less nozzle guide blades 26.1.3 than turbine
blades 26.2.1 but the nozzle guide blades 26.1.3 have a
longer extension in the direction of flow of the hot com-
bustion gases than the turbine blades 26.2.1. 9.

[0096] The inner diameter of the inner wall portion of



17 EP 4 553 276 A1

the outer ring 26.1.1 at the entrance of the feed gas
passage 26.1.5 corresponds to an outer of the annular
exhaust nozzle 24.3 of the combustion chamber 24.1 of
the combustor 24 atthe exit ofthe annular exhaust nozzle
24 3.

[0097] 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.
[0098] The arrangement of the nozzle guide vane 26.1
between the annular Venturi nozzle’s portion of the com-
bustion chamber 24 and the turbine blades 26.2.1 is
illustrated in figure 7.

[0099] Regarding the combustor 24, an improved fuel
injection nozzle 24.7 and an 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 thereof may be implemented
with any known or future gas turbine engine.

Reference numerals

[0100]

10 turboprop engine

12 propeller

14 air intake

20 gas turbine assembly

22 compressor of the gas turbine assembly

221 impeller

22.2 diffuser

23 open space surrounding the combustor’s
combustion chamber

24 combustor

241 combustion chamber of gas turbine assem-
bly

24.2 combustion chamber wall

24.2.1 inner wall portion of the combustion chamber
wall

2422 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

24.2.9 opening for mounting a fuel injection nozzle

24.3 annular Venturi nozzles portion of the com-
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10

244
24.4.1

2442
2443

24.5
24.6
24.7
24.7.1
24.7.2
24.7.3
24.7.4
24.7.5
24.7.6
24.7.7
24.7.8
24.7.9
24.7.10
24.8
26

26.1

26.1.1
26.1.2
26.1.3
26.1.4

26.1.5
26.1.6

26.2
26.2.1
28
281
30

32

34

36

38

40

Claims

18

bustion chamber

holes in the combustion chamber wall

holes in the annular Venturi nozzle portion of
the combustion chamber

holes in the vortex generating protrusion
additional holes in the combustion chamber
wall

inner space of the combustion chamber
apex of the inner combustion chamber wall
fuel injection nozzle

fuel duct of the fuel injection nozzle

air duct of the fuel injection nozzle

fuel nozzle of the fuel injection nozzle

fuel intake connector

fuel return connector

Venturi nozzle

baffle body

pin for holding the baffle body

cone tip of the baffle body

baffle face of the baffle body

spark plug

axial gas turbine stage of the gas turbine as-
sembly

nozzle gas vane of the axial gas turbine
outer ring of the nozzle gas vane

inner ring of the nozzle gas vane

guide blades of the nozzle gas vane

inner wall of the outer ring of the nozzle gas
vane

feed gas passage

outer wall of the inner ring of the nozzle gas
vane

turbine wheel of the axial gas turbine
turbine blade

gas turbine shaft

shaft tunnel for the gas turbine shaft

main shaft, propeller shaft

planetary reduction gear

centrifugal clutch

starter/generator

starter gearbox

helical reduction gearing

1. 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),

wherein the nozzle guide vane (26.1) is ar-
ranged between an annular exhaust nozzle
(24.3) of a combustion chamber (24.1) of the
combustor (24) and the turbine wheel (26.2), the
turbine wheel (26.2) being connected to a tur-
bine shaft (28) and the nozzle guide vane (26.1)
being arranged to guide hot combustion gases
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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 a 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
causing the feeding gas passage (26.1.5) to
narrow in the direction of gas flow that causes
an acceleration of the gas flow between the
inner ring (26.1.2) and the outer ring (26.1.1)
of the nozzle guide vane (26.1) due to a Venturi
effect.

Turboprop engine according to claim 1, wherein the
diameter of the innerwall portion (26.1.4) of the outer
ring (26.1.1) increases in a downstream direction
where the guide blades (26.2.1) contact the inner
wall portion (26.1.4) of the outer ring (26.1.1).

Turboprop engine according to claim 1 or 2, wherein
an outer diameter of an outer wall portion (26.1.6) of
the inner ring (26.1.2) decreases in a downstream
direction where the guide blades (26.2.1) contact the
outer wall portion (26.1.6) of the inner ring (26.1.2).

Turboprop engine according to atleast one of claims
1 to 3, wherein 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.

Turboprop engine according to atleast one of claims
1 to 4, wherein the nozzle guide vane (26.1) com-
prises between 16 to 24 guide blades (26.1.3), in
particular 20 guide blades (26.1.3).

Turboprop engine according to atleast one of claims
1to 5, wherein the number of turbine blades (26.2.1)
of the turbine wheel (26.2) is larger than the number
of nozzle guide blades (26.1.3).

Turboprop engine according to claim 6, wherein the
number of turbine blades (26.2.1) of the turbine
wheel (26.2) is at least 20%, preferably about 50%
larger than the number of nozzle guide blades
(26.1.3).

Turboprop engine according to atleast one of claims
1 to 7, wherein the extension of the nozzle guide
blades (26.1.3) in the direction of flow of the hot
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11

10.

1.

12.

combustion gases is larger than the extension of
the turbine blades (26.2.1) of the turbine wheel
(26.2) in the direction of flow of the hot combustion
gases.

Turboprop engine according to claim 8, wherein the
extension of the nozzle guide blades (26.1.3) in the
direction of flow of the hot combustion gases is about
50% to 110% larger than the extension of the turbine
blades (26.2.1) of the turbine wheel (26.2) in the
direction of flow of the hot combustion gases.

Turboprop engine according to at least one of claims
1 to 9, wherein the inner diameter of the inner wall
portion (26.1.4) of the outer ring (26.1.1) at the en-
trance 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 com-
bustor (24) at the exit of the annular exhaust nozzle
(24.3).

Turboprop engine according to at least one of claims
1to 10, wherein a longitudinal extension of the feed
gas passage (26.1.5) along a longitudinal axis of the
gas turbine assembly (20) is about 1,2 to 2,3 times of
the extension of the guide blades (26.1.3) of the
nozzle guide vane (26.1) along a longitudinal axis
of the gas turbine assembly (20).

Turboprop engine according to at least one of claims
1 to 11, wherein inner diameter of the inner wall
portion (26.1.4) of the outer ring (26.1.1) at the en-
trance of the feed gas passage (26.1.5) is between
140 mm and 170 mm, in particular 155 mm.
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