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(54) Turbine Flg 2
(57) The turbine has a casing 17,
the inner surface 21 of which is
provided with grooves 24 facing /1
the tips 20 of rotor blades 19 and
so arranged that they direct the gas
flow between the blade tips 20 and o4
the casing 17 along the absolute 25 I |
ideal flow path in the region of the
blade tips. This ensures that at least /7
some of the momentum of the d \‘22
gases flowing between the blade |
tips and the casing is transformed 2/ i 26
into rotating energy as vortices form [~ 20
in the grooves 24, this energy 2‘325/ \

being subsequently imparted to the
blade tips.
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The drawings originally filed were informal and the print here reproduced is taken from a later filed formal copy.
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SPECIFICATION
Improvements in or relating to turbines

This invention relates to turbines.

Turbines conventionally comprise one or
more stages of annular arrays of rotary aero-
foil blades which are -enclosed within an annu-
lar gas passage, the radially outer extent of
which is partially defined by the outer casing
of the turbine or alternatively by a shroud ring
which is attached to the casing. The tips of
the rotary aerofoil blades are arranged to pass
as closely as possible to the casing or shroud
ring in order to minimise the leakage of gases
passing through the turbine across the gap
between the blade tips and casing or shroud
ring. However if the blade tip clearances are
reduced by too great an amount, there is a
danger that contact will occur between the
blade tips and the casing or shroud ring.
Consequently it is accepted that the tip clear-
ances must be of such a value that leakage
occurs in order to avoid the danger blade/tip
casing contact.

It is an object of the present invention to
provide a turbine in which the efficiency loss
as a result of gas leakage across the gap
between the blade tips and turbine casing or
shroud ring is reduced.

According to the present invention, a tur-
bine comprises at least one annular array of
rotary aerofoil blades enclosed within an an-
nular gas passage, the axes of said array of
aerofoil blades and said gas passage being
coaxial, and an annular member surrounding
at least the radially outer tips of said aerofoil
blades, said annular member having a radially
inwardly facing surface which is in radially
spaced apart relationship with said aerofoil
blade tips and also defines the radially outer
boundary of at least a portion of the axial
extent of said annular gas passage, the por-
tion of said radially inner surface which is
adjacent said blade tips being provided with a
plurality of gas flow directing means which
are so configured that any gas passing in
operation through said turbine which flows
across the gap between said annular member
and said blade tips is directed by said flow
directing means to substantially follow the
absolute ideal flow path for gases in the
region of said aerofoil blade tips.

The invention will now be described, by
way of example, with reference to the accom-
panying drawings in which:—

Figure 1 is a sectional side view of a gas
turbine engine which incorporates a turbine in
accordance with the present invention.

Figure 2 is an enlarged sectional side view
of a portion of the turbine of the gas turbine
engine shown in Fig. 1.

Figure 3 is a developed plan view of the
radially inner surface of the casing of the
turbine portion shown in Fig. 2.
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Figure 4 is a view in section line A-A of
Fig. 2, the arrow B indicating the direction of
rotation of the aerofoil blades of the turbine.

With reference to Fig. 1, a ducted fan gas
turbine engine generally indicated at 10, com-
prises, in axial flow series, a ducted fan 11, a
compressor 12, combustion equipment 13, a
turbine 14 and a propulsion nozzle 15.-The
engine 10 functions in the conventional man-
ner, that is, air which is compressed by the
fan 11 is divided into two portions, the first is
directed into the compressor 12 and the sec-
ond directed to atmosphere to provide propul-
sive thrust. The air which is directed into the
compressor 12 is compressed further before
being mixed with fuel and the mixture com-
busted in the combustion equipment 13. The
combustion products expand through the tur-
bine 14 and are exhausted to atmosphere
through the propulsion nozzle 15. Various
portions of the turbine 14 are drivingly inter-
connected with the compressor 12 and the
fan 11.

The turbine 14 comprises five annular ar-
rays 16 of rotary aerofoil blades which are
enclosed within the turbine casing 17. The
aerofoil blades 19 on the arrays 16 are posi-
tioned in the annular gas passage 18 which
extends through the turbine 14 so that the
axes of the aerofoil blade arrays 16 and the
central axis of the annular gas passage 18 are
coaxial.

A portion of one of the aerofoil blades 19
on one of the annular arrays 16 and the
portion of turbine casing 17 which surrounds
it can be seen more clearly in Fig. 2. The tip
20 of the aerofoil blade 19 is radially spaced
apart from the radially inwardly facing surface
21 of the turbine casing 17 so that a gap 22
is defined between them. This gap 22 is of
such a magnitude that under ali normal tur-
bine operating conditions, the thermal expan-
sion and contraction of the casing 17 and the
annular rotary aerofoil blade arrays 16 is
insufficient to result in the blade tips 20
making contact with the radially inwardly
facing surface 21 of the turbine casing 17.

The portion 23 of the radially inwardly
facing surface 21 of the turbine casing 17
which is immediately adjacent the aerofoil
blade tips 20 is provided with a series of
grooves 24 which can be seen more easily in
Fig. 3. The grooves 24 extend from the
leading edge region 25 of the aerofoil blade
tips 20 to the trailing edge region 26 and are
so configured that they are generally aligned
with the absolute ideal flow path of turbine
gases in the region of the blade tips 20. In
the particular configuration shown in Fig. 3
the grooves 24 define a chevron-type pattern.
However, it will be appreciated that the parti-
cular configuration of the grooves 24 is gov-
erned solely by the absolute ideal flow path in
the region of the blade tips 20 and that other
turbines with different absolute ideal flow
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paths over their blade tips 20 will have corre-
spondingly different configurations of their CLAIMS
grooves 24. It will also be appreciated that 1. A turbine comprising at least one annu-
manufacturing difficulties may dictate that the lar array of rotary aerofoil blades enclosed
5 configuration of each groove 24 does not 70 within an annular gas passage, the axes of
exactly follow the absolute ideal flow path in said array of aerofoil blades and said gas
the region of the blade tips 20 but that it only passage being coaxial, and an annular mem-
substantially follows the absolute ideal flow ber surrounding at least the radially outer tips
path. of said aerofoil blades, said annular member
10  The grooves 24 provide a preferential flow 75 having a radially inner surface which is in
path for turbine gases passing through the radially spaced apart reltionship with said ae-
gap 22 between the blade tips 20 and the rofoil blade tips and also defines the radially
casing 17. Vortices 27 of the turbine gases outer boundary of at least a portion of the
are trapped in the grooves 24 can be seen in axial extent of said annular gas passage, the
15 Fig. 4. Their direction of rotation follows the 80 portion of said radially inner surface which is
natural right hand rule for the conservation of adjacent said blade tips being provided with a
vorticity (Kelvins theorem). Consequently tur- plurality of gas flow directing means which
bine gas flow in the region of the radially are so configured that any gas passing in
inner surface 21 of the turbine casing 17 has operating through said turbine which flows
20 initial boundary layer vorticity which, when 85 across the gap between said annular member
rotated in the plane of the casing 17 tends to and said blade tips is directed by said flow
“roli-up”’ as indicated. Thus in re-directing the directing means to substantially follow the
boundary layer gas flow along the absolute absolute ideal flow path for gases in the
ideal flow path, its momentum is transformed region of said aerofoil blade tips.
25 into rotating energy in the vortices 27 which 90 2. A turbine as claimed in claim 1 wherein
energy is subsequently imparted to the tips said gas flow directing means is constituted
20 of the blades 19. it will be seen therefore by a plurality of grooves in the radially in-
that the momentum of the turbine gas flow wardly facing surface of said annular member,
through the gap 22 between the turbine cas- said grooves being substantially aligned with
30 ing 17 and the blade tips 20 is not wasted as 95 the absolute ideal flow path for gases in the
would normally be the case but is used to region of said aerofoil blade tips.
impart energy to the rotary aerofoil blades 19. 3. A turbine as claimed in claim 1 or
Consequently although there is a leakage of claim 2 wherein said annular member is con-
turbine gases through the gap 22, the effici- stituted by the casing of said turbine.
35 ency loss of the turbine 14 as a result of that 100 4. A turbine as claimed in claim 2 or
leakage is reduced. claim 3 wherein said grooves are cooled by a
The gases which, in operation flow through flow of cooling fluid.
the turbine 14 are usually very hot and conse- 5. A gas turbine engine provided with a
quently it is possible that the vortices 27 turbine as claimed in any one preceding
40 could cause some localised overheating of the 105 claim.
turbine casing 17. In such a situation, cooling 6. A turbine substantially as hereinbefore
of the grooves 24 could be achieved by the described with reference to and as shown in
provision of cooling passages 28 in the casing the accompanying drawings.
17 as can be seen in Figs. 2 and 3. Each — S
45 passage 28 interconnects each groove 24 Hor Mitjosty's Stationery bftice, Bd 8818935, 1985, 4235.
with the exterior of the turbine casing 17. A Published at The Patent Office, 25 Southampton Buildings,
suitable flow of cooling air derived from the London, WC2A 1AY, from which copies may be obtained.
compressor 12 of the engine 10 is supplied to
the exterior of the turbine casing 17 (by
50 means not shown) in order to provide a sup-
ply of cocling air for the grooves 24.
Although the present invention has been
described with reference to grooves 24 which
are provided in the radially inner surface 21
b5 of the turbine casing 17, it will be appreciated
that they could be equally effectively be pro-
vided in a shroud ring. Such a shroud ring
would be attached to the turbine casing 17
and surround one stage 16 of rotary aerofoil
60 blades. It if was found to be difficult to
provide cooling passages in such a shroud
ring, the shroud ring could be made from a
suitable ceramic material which would be
capable of resisting the high temperatures of
65 the gases passing through the turbine 14.



