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(54) METHOD FOR DESIGNING A FLUID FLOW ENGINE AND FLUID FLOW ENGINE

(57) The invention relates to a fluid flow engine (9),
in particular compressor or turbine of a gas turbine engine
(10), having a stationary engine casing (38) and a rotor
assembly (39) rotatable supported in the engine casing,
the rotor assembly comprising at least one circumferen-
tially extending rotor blade row (40) with a plurality of
radially extending unshrouded rotor blades (41), an inner

surface (42) of the engine casing comprising at least one
circumferentially extending slot (43) arranged radially
outside of the rotor blade row, wherein a gap (44) is pro-
vided between tips (45) of the rotor blades and a base
(46) of said slot, the depth (d) of said slot (43) being less
than the gap height (H1) of the gap (44).
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Description

[0001] The invention relates to a method for designing
a fluid flow engine, in particular a compressor or a turbine
of a gas turbine engine.
[0002] Moreover, the invention relates to a fluid flow
engine, in particular a compressor or a turbine of a gas
turbine engine, having a stationary engine casing and a
rotor assembly rotatable supported in the engine casing,
the rotor assembly comprising at least one circumferen-
tially extending rotor blade row with a plurality of radially
extending unshrouded rotor blades, an inner surface of
the engine casing comprising at least one circumferen-
tially extending slot arranged radially outside of the rotor
blade row, wherein a gap is provided between tips of the
rotor blades and a base of said slot.
[0003] A fluid flow engine has a stationary engine cas-
ing and a rotor assembly rotatable supported in the en-
gine casing. The rotor assembly comprises at least one
circumferentially extending rotor blade row with a plurality
of radially extending unshrouded rotor blades. Conven-
tionally, a clearance gap is provided between tips of the
rotor blades and an inner surface of the engine casing
to prevent or at least reduce occurrence of a radial con-
tact, in particular physical rubbing, between the tips and
the inner surface as far as possible. However, due to
thermal growth and centrifugal growth of the rotor blades
in certain operating states of the fluid flow engine, a tem-
porary radial contact between blade tips and the inner
surface of the engine casing may still occur.
[0004] To provide such a clearance gap conventionally
the length of the rotor blades is reduced. Through this,
the load carrying capacity of the rotor blades is reduced
leading to a fluid flow engine with reduced efficiency.
[0005] To reduce losses caused by leakage of a work-
ing fluid through the gap between rotor blade tips and
the inner surface of the engine casing it is known to pro-
vide the inner surface with at least one circumferentially
extending slot arranged radially outside of the rotor blade
row. A gap is provided between tips of the rotor blades
and a base of said slot. Such fluid flow engines are for
example disclosed by US 4 738 586 A and US 4 645 417
A.
[0006] It is an object of the invention to enhance the
efficiency of a fluid flow engine.
[0007] This object is solved by the independent claims.
Advantageous embodiments are disclosed in the de-
pendent claims which either by taken alone or in any
combination with each other may relate to an aspect of
the invention.
[0008] A method according to the invention for design-
ing a fluid flow engine, in particular a compressor or a
turbine of a gas turbine engine, comprises the steps of:

- determining a minimum gap height of a required gap
between tips of a rotatable supported circumferential
row of radially extending rotor blades and an inner
surface of a stationary engine casing of a conven-

tional fluid flow engine, wherein the gap is required
to prevent radial contact between the tips and the
inner surface as far as possible;

- manufacturing an engine casing with at least one
circumferentially extending slot at an inner surface
of the engine casing, such that a depth of said slot
is less than the determined minimum gap height;

- manufacturing rotor blades for at least one circum-
ferentially extending rotor blade row that can be ar-
ranged radially inside of said slot, such that a gap
height of a gap between the tips of the rotor blades
and a base of said slot equals the determined mini-
mum gap height.

[0009] According to the invention the engine casing
and the rotor blades are manufactured in such a way that
the conventionally given minimum gap height of the gap
between tips of the rotor blades and the inner surface of
the engine casing of a conventional fluid flow engine is
preserved. Because the gap according to the invention
is not arranged between the tips of the rotor blades and
the inner surface of the engine casing without an inven-
tive slot, but between said tips and the base of the slot,
the rotor blades according to the invention can be man-
ufactured longer than conventional rotor blades. Since
longer rotor blades have a higher load carrying capacity
the inventive fluid flow engine, compared with conven-
tional fluid flow engines, has a higher efficiency. In par-
ticular, with longer rotor blades more work can be done
on the working fluid.
[0010] Determination of the minimum gap height may
include measuring of this minimum gap height at a con-
ventional fluid flow engine or considering known values
for the minimum gap height. Additionally, specific con-
structive characteristics of the fluid flow engine to be de-
signed and/or specific technical requirements may be
considered when determining the minimum gap height.
[0011] The engine casing with the at least one circum-
ferentially extending slot at the inner surface of the engine
casing may be manufactured in a single production step.
Alternatively, the engine casing may be manufactured
without said slot in a first production step and may be
machined in a following production step to produce said
slot. Because the depth of said slot is less than the de-
termined minimum gap height the rotor blades, in a start-
ing condition of the inventive fluid flow engine, do not
engage said slot and the tips of the rotor blades are not
line-on-line with the inner surface of the engine casing
without the slot. The engine casing may comprise two or
more corresponding slots. Preferably, the number of slots
arranged at the inner surface of the engine casing is equal
to the number of circumferentially extending rotor blade
rows of the fluid flow engine.
[0012] The rotor blades for the at least one circumfer-
entially extending rotor blade row are manufactured ac-
cording to the invention with such a length that the gap
height of the gap between the tips of the rotor blades and
the base of said slot equals the determined minimum gap
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height.
[0013] A further advantage of the invention is that radial
contacts between the tips of the rotor blades and the
engine casing, and therefore tip rubs, can be reduced as
far as possible. Moreover, even when the gap between
the rotor blade tips and the base of the slot opens up at
lower engine speeds, leading to lower temperature ef-
fects and lower centrifugal effects compared with a de-
sign speed, the gap between the rotor blade tips and the
inner surface of the engine casing without the slot is still
lower compared with a gap of a conventional fluid flow
engine that does not comprise an inventive slot. This ef-
fects the stall margin at lower engine speeds because
the tip stall is delayed when the gap between the rotor
blade tips and the inner surface of the engine casing with-
out the slot is lower.
[0014] Preferably, the engine casing is manufactured
in such a way that the depth of said slot lies within a range
of 50% to 95% of the determined minimum gap height.
Accordingly, the rotor blades may be about 50% to 95%
of the determined minimum gap height longer than con-
ventional rotor blades. Correspondingly, the gap be-
tween the rotor blade tips and the inner surface without
slots lies within a range of 5% to 50% of the determined
minimum gap height. The depth of the slot and the length
of the rotor blades is preferably selected under consid-
eration of the expected thermal and centrifugal growth
of the rotor blades. In particular, the depth of the slot and
the length of the rotor blades can be chosen to avoid
engagement of the rotor blades in the slot, except during
transient operation states of the fluid flow engine. Pref-
erably, the engine casing is manufactured in such a way
that a cross section of said slot is rectangular-shaped.
Therefore, in the cross section, the slot has a flat base
and two parallel lateral surfaces arranged perpendicular
to the base. The rotor blades may have correspondingly
rectangular-shaped tips, wherein the width of the slot is
greater than the width of the tips. Preferably, a gap be-
tween a lateral surface of the slot and lateral surfaces of
the rotor blade tips is equal to or less than 1% of the width
of the tips.
[0015] A fluid flow engine, in particular a compressor
or turbine of a gas turbine engine, according to the in-
vention comprises a stationary engine casing and a rotor
assembly rotatable supported in the engine casing, the
rotor assembly comprising at least one circumferentially
extending rotor blade row with a plurality of radially ex-
tending unshrouded rotor blades, an inner surface of the
engine casing comprising at least one circumferentially
extending slot arranged radially outside of the rotor blade
row, wherein a gap is provided between tips of the rotor
blades and a base of said slot, and wherein a depth of
said slot is less than the gap height of the gap.
[0016] The above mentioned advantages connected
with the method are correspondingly connected with the
inventive fluid flow engine. The rotor assembly may com-
prise two or more circumferentially extending rotor blade
rows, each provided with a plurality of radially extending

unshrouded rotor blades. Preferably, the number of slots
of the engine casing is equal to the number of rotor blade
rows.
[0017] Preferably, the depth of said slot lies within a
range of 50% to 95% of the gap height of the gap. The
above mentioned advantages connected with the corre-
sponding embodiment of the method are corresponding-
ly connected with the present embodiment.
[0018] Preferably, a cross section of said slot is rec-
tangular-shaped. The above mentioned advantages con-
nected with the corresponding embodiment of the meth-
od are correspondingly connected with the present em-
bodiment.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] The above mentioned attributes and other fea-
tures and advantages of this invention and the manner
of attaining them will become more apparent and the in-
vention itself will be better understood by reference to
the following description of embodiments of the invention
taken in conjunction with the accompanying drawings,
wherein

FIG. 1 shows a part of a turbine engine in a schematic
sectional view,

FIG. 2 shows a detail of a conventional fluid flow
engine in a schematic sectional view, and

FIG. 3 shows a detail of an embodiment of the in-
ventive fluid flow engine in a schematic sectional
view.

DETAILED DESCRIPTION OF INVENTION

[0020] Figure 1 is a schematic illustration of a general
arrangement of a gas turbine engine 10 having an inlet
12, a compressor 14, a combustor system 16, a turbine
system 18, an exhaust duct 20 and a twin-shaft arrange-
ment 22, 24. The gas turbine engine 10 is generally ar-
ranged about an axis 26 which for rotating components
is their rotational axis. The arrangements 22, 24 may
have the same or opposite directions of rotation.
[0021] The combustion system 16 comprises an an-
nular array of combustor units, i.e. burner 36, only one
of which is shown. In one example, there are six burners
36 evenly spaced about the engine 10.
[0022] The turbine system 18 includes a high-pressure
turbine 28 drivingly connected to the compressor 14 by
a first shaft 22 of the twin-shaft arrangement 22, 24. The
turbine system 18 also includes a low-pressure turbine
30 drivingly connected to a load (not shown) via a second
shaft 24 of the twin-shaft arrangement.
[0023] The term axial is with respect to the axis 26.
The terms upstream and downstream are with respect
to the general direction of gas flow through the engine
10 and as seen in FIG.1 is generally from left to right.
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[0024] The compressor 14 comprises an axial series
of stator vanes and rotor blades mounted in a conven-
tional manner. The stator or compressor vanes may be
fixed or have variable geometry to improve the airflow
onto the downstream rotor or compressor blades.
[0025] Each turbine 28, 30 comprises an axial series
of stator vanes and rotor blades mounted via rotor discs
arranged and operating in a conventional manner. A rotor
assembly comprises an annular array of rotor blades or
blades and the rotor disc.
[0026] In operation air 32 is drawn into the engine 10
through the inlet 12 and into the compressor 14 where
the successive stages of vanes and blades compress
the air before delivering the compressed air into the com-
bustion system 16. In a combustion chamber of the com-
bustion system 16 the mixture of compressed air and fuel
is ignited. The resultant hot working gas flow is directed
into, expands and drives the high-pressure turbine 28
which in turn drives the compressor 14 via the first shaft
22. After passing through the high-pressure turbine 28,
the hot working gas flow is directed into the low-pressure
turbine 30 which drives the load via the second shaft 24.
[0027] The low-pressure turbine 30 can also be re-
ferred to as a power turbine and the second shaft 24 can
also be referred to as a power shaft. The load is typically
an electrical machine for generating electricity or a me-
chanical machine such as a pump or a process compres-
sor. Other known loads may be driven via the low-pres-
sure turbine 30. The fuel may be in gaseous and/or liquid
form.
[0028] The turbine engine 10 shown and described
with reference to FIG.1 is just one example of a number
of engines or turbomachinery in which this invention can
be incorporated. Such engines can be gas turbines or
steam turbine and include single, double and triple shaft
engines applied in marine, industrial and aerospace sec-
tors.
[0029] Figure 2 shows a detail of a conventional fluid
flow engine 1 in a schematic sectional view. The fluid
flow engine 1 comprises a stationary engine casing 2 and
a rotor assembly 3 rotatable supported in the engine cas-
ing 2. The rotor assembly 3 comprises at least one cir-
cumferentially extending rotor blade row 4 with a plurality
of radially extending unshrouded rotor blades 5.
[0030] A gap 6 is provided between tips 7 of the rotor
blades 5 and an inner surface 8 of the engine casing 2.
The gap 6 is required to prevent radial contact between
the tips 7 and the inner surface 8 as far as possible. The
gap 6 has a minimum gap height H. This minimum gap
height H can be determined to carry out the method ac-
cording to the invention, i.e. to design an inventive fluid
flow engine.
[0031] Figure 3 shows a detail of an embodiment of
the inventive fluid flow engine 9 in a schematic sectional
view. The fluid flow engine 9 can be used as compressor
for a gas turbine engine according to FIG.1.
[0032] The fluid flow engine 9 comprises a stationary
engine casing 38 and a rotor assembly 39 rotatable sup-

ported in the engine casing 38. The rotor assembly 39
comprises at least one circumferentially extending rotor
blade row 40 with a plurality of radially extending un-
shrouded rotor blades 41. An inner surface 42 of the en-
gine casing 38 comprises at least one circumferentially
extending slot 43 arranged radially outside of the rotor
blade row 40. A gap 44 is provided between tips 45 of
the rotor blades 41 and a base 46 of said slot 43.
[0033] A depth d of said slot 43 is less than the gap
height H1 of the gap 44. Preferably, the depth d of said
slot 43 lies within a range of 50% to 95% of the gap height
H1 of the gap 44. Therefore, a gap 47 between the rotor
blade tips 45 and the inner surface 42 without the slot 43
has a gap height h that is less than the gap height H1 of
the gap 44. The gap height h lies within a range of 5%
to 40% of the gap height H1 of the gap 44. The rotor
blades 41 are longer than the conventional rotor blades
according to FIG.2 about 50% to 95% of the gap height
H1 of the gap 44. The gap height H1 may be equal to the
minimum gap height H of FIG.2.
[0034] A cross section of said slot 43 is rectangular-
shaped. Also the tips 45 of the rotor blades 41 are rec-
tangular-shaped. The width CT of the rotor blade tips 45
is less than the width of the slot 43, in particular the width
of the base 46 of the slot 43. Between a lateral surface
48 of the slot 43 and a lateral surface 49 of a rotor blade
tip 45 a gap 50 is provided having a gap height c. Pref-
erably, the gap height c is equal to or less than 1% of the
width CT of the rotor blade tips 45.
[0035] It shall be clear that the invention is also appli-
cable to guide vanes of a fluid flow engine arranged in a
circumferentially extending row, wherein a slot is ar-
ranged radially inside of the row at an outer surface of a
rotor hub.
[0036] Although the invention has been explained and
described in detail in connection with the preferred em-
bodiments it is noted that the invention is not limited to
the disclosed embodiments. A person skilled in the art
can derive from these embodiments other variations with-
out leaving the scope of protection of the invention.

Claims

1. A method for designing a fluid flow engine (9), in
particular a compressor or a turbine of a gas turbine
engine (10), comprising the steps of:

- determining a minimum gap height (H) of a
required gap (6) between tips (7) of a rotatable
supported circumferential row (4) of radially ex-
tending rotor blades (5) and an inner surface (8)
of a stationary engine casing (2) of a conven-
tional fluid flow engine (1), wherein the gap (6)
is required to prevent radial contact between the
tips (7) and the inner surface (8) as far as pos-
sible;
- manufacturing an engine casing (38) with at

5 6 



EP 3 088 672 A1

5

5

10

15

20

25

30

35

40

45

50

55

least one circumferentially extending slot (43) at
an inner surface (42) of the engine casing (38),
such that a depth (d) of said slot (43) is less than
the determined minimum gap height (H);
- manufacturing rotor blades (41) for at least one
circumferentially extending rotor blade row (40)
that can be arranged radially inside of said slot
(43), such that a gap height (H1) of a gap (44)
between the tips (45) of the rotor blades (41)
and a base (46) of said slot (43) equals the de-
termined minimum gap height (H).

2. The method according to claim 1, wherein the engine
casing (38) is manufactured in such a way that the
depth (d) of said slot (43) lies within a range of 50%
to 95% of the determined minimum gap height (H).

3. The method according to claim 1 or 2, wherein the
engine casing (38) is manufactured in such a way
that a cross section of said slot (43) is rectangular-
shaped.

4. A fluid flow engine (9), in particular compressor or
turbine of a gas turbine engine (10), having a sta-
tionary engine casing (38) and a rotor assembly (39)
rotatable supported in the engine casing (38), the
rotor assembly (39) comprising at least one circum-
ferentially extending rotor blade row (40) with a plu-
rality of radially extending unshrouded rotor blades
(41), an inner surface (42) of the engine casing (38)
comprising at least one circumferentially extending
slot (43) arranged radially outside of the rotor blade
row (40), wherein a gap (44) is provided between
tips (45) of the rotor blades (41) and a base (46) of
said slot (43), characterized in that a depth (d) of
said slot (43) is less than the gap height (H1) of the
gap (44).

5. The fluid flow engine (9) according to claim 4, where-
in the depth (d) of said slot (43) lies within a range
of 50% to 95% of the gap height (H1) of the gap (44).

6. The fluid flow engine (9) according to claim 4 or 5,
wherein a cross section of said slot (43) is rectangu-
lar-shaped.
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