Office de la Proprieté Canadian

Intellectuelle Intellectual Property
du Canada Office

Un organisme An agency of
d'Industrie Canada Industry Canada

CA 2641806 A1 200//09/27

(21) 2 641 806

12 DEMANDE DE BREVET CANADIEN
CANADIAN PATENT APPLICATION
13) A1

(86) Date de déepot PCT/PCT Filing Date: 2007/01/30

(87) Date publication PCT/PCT Publication Date: 200//09/27
(85) Entree phase nationale/National Entry: 2008/08/07

(86) N° demande PCT/PCT Application No.: JP 2007/051435
(87) N° publication PCT/PCT Publication No.: 200//108232
(30) Priorité/Priority: 2006/03/16 (JP2006-072250)

(51) Cl.Int./Int.Cl. FOTD 5/74(2006.01),
FOTD 9/02(2006.01)

(71) Demandeur/Applicant:
MITSUBISHI HEAVY INDUSTRIES, LTD., JP

(72) Inventeur/Inventor:
IDA, KOICHIRO, JP

(74) Agent: OSLER, HOSKIN & HARCOURT LLP

(54) Titre : PAROI DE BOUT DE GRILLE D'AUBES DE TURBINE

(54) Title: TURBINE CASCADE END WALL

B

13

(57) Abrégée/Abstract:

we

In turbine blades having a large outflow angle, a cross flow generated on a turbine end wall and curling of flow on blade rear
surfaces are reduced irrespective of the shape of the blades, thereby reducing a loss to improve performance of the entire turbine.
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(57) Abrege(suite)/Abstract(continued):

The turbine cascade end wall (10) I1s positioned on the hub side and/or the tip side of the annularly arranged turbine blades (B).
"he turbine cascade end wall has first projections (13) each having a ridge lowering gently initially and sharply finally from the rear
edge of a turbine blade toward the downstream side while extending along the rear surface of an adjacent turbine blade.
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ABSTRACT

In the turbine blades set to a large outflow angle, the

P

performance of the entire turbine 1s improved by reducing a

cross flow generated on the turbine end wall and a whirling up

et

of flow on the suction side of a blade 1rrespective of the

I}

3

di:

ference of the blade shape, thereby reducing the loss.

There 1s provided a turbine blade cascade end wall positioned

F

on the hub-side and/or the tip side of a plurality of turbine

blades arranged in an annular shape, including a first

projection having a ridge extending downward from the trailing
edge of a turbine blade toward the downstream side gently at
the beginning and steeply at the end, and along the suction

side of an adjacent turbine blade.
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DESCRIPTION

p e

L]
Z

BLADE CASCADE END WALL

L]

TURBIN.

Technical Field

[0001]

The present 1invention relates to a turbine blade cascade

end wall.

Background Art

(10002}

A turbine 1s known as a power generating device for

-

obtaining a power by converting a kinetic energy of a fluid

into a rotational movement. On a turbine blade cascade end

F

wall of the turbine, a so-called "cross flow (secondary flow)"

plp—

1s generated from the pressure side of one turblne blade

A

toward the suction side of the adjacent turbine blade.

In order to achieve the improvement of the turbine

performance, 1t 1s necessary to reduce the cross flow and to

reduce a secondary flow loss generated 1n association with the

cross flow.
(0003 ]

In the turbine which converts the kinetic energy of the

fluid i1nto the rotational movement, there is a trend to set

P

the circumferential velocity of rotation of the turbine to a

value higher than that in the related art to improve the
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performance of the entire turbine. In association with 1t,

F

setting the outflow angle of blades to a larger angle 1n

comparison with that in the related art 1s required. On the

other hand, the secondary flow loss in associatlion with the

-

cross flow generally tends to increase with the increase of

the outflow angle of the blades.

(0004 ]

In order to reduce the secondary flow loss 1n association

with the cross flow to improve the turbine performance, a

configuration having recesses and projections formed on the
turbine blade cascade end wall in nonaxisymmetry is known (for

example, see Patent Citation 1).

[0005]

Tn the turbine blades which generate a shock wave, IfoOr

weakening the shock wave and improving the turbine

performance, a configuration having a concave shaped end wall

near the turbine throat is known (for example, see Patent

Citation 2).

Patent Citation 1l: Specification of U.S. Patent No.

0283713

Patent Citation 2: Specification of U.S. Patent No.

66069445

'

Disclosure of Invention

[0006]
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As described above, the blades set to a large outflow

angle have a specific problem such that the secondary flow

loss 1n associliation with the cross flow further increases.

The effect of the nonaxisymmetric shape formed on the turbine

blade cascade end wall disclosed i1n Patent Citation 1 does not

solve the problem specific for the blades set to a large

outflow angle, but the effects may vary depending on the blade

shape. Therefore, resolution of the problem specific for the

blades set to a large outflow angle 1s reqgquired.

(0007 ]

According to the technology i1n the related art, =

[

phenomenon such that the pressure in a area lmmediately

downstream of the trailing edge of the blade (a portion in

Fig. 7 surrounded by a broken line and a portion 1in Fig. 8

surrounded by a broken line) rises higher than the surrounding

F
p—

area due to stagnation of flow appears. The flow 1in the

vicinity of the end wall passes through the area immediately

P

downstream of the trailing edge of the blade when flowing out

from the blade. As described above, when the pressure in the

F

area rises, the flow in the vicinity of the end wall 1is

n

hindered, and the cross flow and whirling up of flow on the

—

suction side of the blade 1s accelerated, so that increase in

loss 1s resulted.

#

In the case of the blades set to a large outflow angle,

U}

since the angle of flow 1s increased, the percentage of the
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flow passing through the area i1mmediately downstream of the

P

trailing edge of the blade 1s increased. Therefore, there 1is

a specific problem such that the effect to hinder the flow due

to the pressure increase in the corresponding area 1s
increased and, in particular, the cross flow and the whirling

2 e
i,

up of flow on the suction side of the blade 1s further

accelerated and, in particular, the increase 1in 1loss 1s

increased.

[0008]

On the turbine blade cascade end wall disclosed 1n Patent

Citation 2, there 1s provided a projection having a ridge

P

extending downward from the trailing edge of the turbiline blade

toward the downstream side at a regular rate and then along

the suction side of the adjacent turbine blade by providing a

F
p—

maximum height difference distributlion in the circumferential

—

shape of the end wall at the position of a throat.

As an effect of Patent Citation 2, reduction of 1loss by

reduction of a shock wave 1s 1ntended. The shock wave only

occurs at the blades under limited operating conditions and at

the limited blades, and the phenomenon 1s completely different

from the secondary flow loss 1n assoclation with the cross

o

flow. In the present i1nvention, the problem of increase 1n

L. L

"low 1o0oss 1n associliation with the cross flow 1in

the secondary

the blades set to a large outflow angle 1s solved.

[0009]
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F

In view of such circumstances, 1t 1s an object of the

present invention to provide a turbine blade cascade end wall

in which a cross flow generated on the turbine blade cascade

end wall is reduced and excessive whirling up of flow

generated on the suction side of the turblne having a

corresponding blade cascade 1s restralned so that an effect of

improved performance of the entire turbine having a plurality

r—

of blade cascades 1is achieved. 1In particular, according to

the present invention, specifically extensive 1mprovement

effect 1s obtained for the blades set to a large outflow

angle. Also, according to the present i1invention, the effect

o~

is achieved irrespective of the blade shape for the blades set

to a large out:

(0010]

"low angle.

In order to solve the above-described problem, the

followlng solutilions are employed.

The turbine blade cascade end wall according to a first

aspect of the present invention 1s a turbiline blade cascade end

wall positioned on the hub-side and/or the tip side of a

plurallity of turbine blades arranged in an annular shape,

including a first projection having a ridge extending downward

from the trailing edge of the turbine blade toward the

downstream side gently at the beginning and steeply at the

end, and along

According

the suction side of an adjacent turbine blade.

to the turbine blade cascade end wall as
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g

described above, a static pressure in the vicinity of a first

projection located immediately downstream of the trailing edge

gl gr—

of the blade as shown in Fi1g. 7 decreases by the effect of the

-

first projection which 1s different from, so-called, "fillet"
or "rounded" (see a portion surrounded by a broken line 1in
Fig. 7).

With the shape 1n the related art, 1in the area

immediately downstream of the trailing edge of the blade (the

area where the first projection 1s located), there 1s a

phenomenon such that the static pressure rises higher than the

surrounding area due to the stagnation of flow. If the static

pressure 1n thilis area rises when the flow in the vicinity of

the end wall directed circumferentilially by the cross flow

P

passes through the area i1mmedilately downstream of the trailing

edge (the area where the first projection 1s located), the

flow 1s hindered, and hence the cross flow and the whirling up

- -
p—

of flow to the suction side of the blade are accelerated, so

1

that the loss 1s 1ncreased. Since the first projection has an

effect to restrain the phenomenon of 1ncrease 1n static

J

pressure 1n the area lmmedlately downstream of the trailing

o

edge of the blade (to decrease the static pressure more than

1n the related art), a smoother flow than those in the related

art 1s achieved when the flow in the vicinity of the end wall

e

passes through the area 1mmediately downstream of the trailing

edge (where the first projection 1is located), so that
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restraint of increase 1n 1loss 1s achieved.

P

since the percentage of passage of the flow i1n the vicinity of

In the case of the blades set to a large outflow angle,

P

'}

F

the end wall in the area 1mmediately downstream of the

trailing edge of the blade 1s high, the loss improvement

I}

e

'

fect as descrilbed above 1s specifically effective and, from

F

the physical phenomenon described above, the effect 1is

achieved i1rrespective of the blade shape 1n the case of the

blades set to a large outflow angle.

(0011]

Preferably, the turbine blade cascade end wall according

to the present invention 1s provided between one turbine blade

and another turbine blade arranged adjacently to the one

turbine blade with a second projection swelled gently toward

F

the suction side of the one turbine blade 1in the range from

about 0% Cax to about 20% Cax and a third projection swelled

-

gently toward the pressure side of another turbine in the

range from about 0% Cax to about 20% Cax, where 0% Cax 1s the

position of the leading edge of the turbine blade in the axial

direction, 100% Cax 1s the position of the trailing edge of

1)

the turbine blade i1n the axial direction, 0% pitch i1s the

position of the pressure

P

fp—

pltch 1s the position o:

ﬁ

s1de of the turbine blade and 100 %

F

the suction side of the turbine blade

which opposes the pressure side of the turbine blade.

According to the turbine blade cascade end wall as
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pr—

describe above, the static pressure in the vicinity of the

second projection and the third projection may decrease,

whereby the pressure gradient on the upstream side of the

throat may be directed to the direction along the suction side

of the one turbine blade and the pressure side of the other

turbine blade and a working fluid may be caused to flow along

the suction side of the one turbine blade and the pressure

slde of the other turbine blade. Therefore, the cross flow

may be reduced and the secondary flow loss in assocliation with

the cross flow 1s reduced by using the turbine blade cascade

end wall, so that the turbine performance 1s improved.

[0012]

Further preferably, the turbine blade cascade end wall
described above 1s provided with a recess depressed gently

from the suction side of the one turbine blade and the

R

pressure side of another turbine blade toward the position o:

about 50% Cax and about 50% pitch.

According to the turbine blade cascade end wall as
described above, the static pressure in the vicinity of the
recess may rise, whereby the pressure gradient on the upstream

par——

side of the throat may be directed to the direction along the

P

suction side of the one turbine blade and the pressure side of

the other turbine blade and a working fluid may be caused to

flow along the suction side of the one turbine blade and the

P

pressure side of the other turbine blade. Therefore, the
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cross flow may be reduced and the secondary flow loss 1n

association with the cross flow 1s reduced by using the
turbine blade cascade end wall, so that the turbine

performance 1s 1mproved.

[0013]

The turbine according to a second aspect of the present

1nvention 1s provided with a turbine blade cascade end wall in

which the cross flow generated on the turbine blade cascade

P

end wall 1s reduced, and the excessive whirling up of flow

generated on the suction side of the turbine blade 1is

restrained.

According to the turbine as described above, increase 1in

secondary flow loss 1n association with the cross flow and the

secondary flow loss generated 1n assoclation with the whirling

pr—
-

up of flow (secondary flow on the suction side) 1s restrained,

so that the improvement of the performance of the entire

turbine having a plurality of blade cascades 1s achieved. In

particular, the effect 1s significant for the blades set to a

i

fect 1s obtained in the

large outflow angle, and the same e:

#

plades set to a large outflow angle 1rrespective of the blade

shape.

10014]

P

According to the second aspect of the present invention,

the turbine blade cascade end wall in which the cross flow

generated on the turbine blade cascade end wall may be
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P
p—

flow generated on

and the excessive whirling up o:
18

reduced,
the suction side of the turbine blade may be restrained,
- the

and the effect of improving the performance of
blade cascades 1is

o~

R—

provided,

entire turbine having a plurality o:
‘ect 1s extensilive 1n the

b

-y
L

the e:

In particular,
and the same effect is

achieved.
blades set to a large outflow angle,

achieved for the blades set to a large outflow angle

irrespective of the blade shape.

- Drawings

Brief Description o:

(0015]
1 1s a drawing showing an embodiment of a

[FIG. 1] Fig.
turbine blade cascade end wall according to the present
- the turbine

L

g
=

Ql-‘

C

nd 1s a schematic perspective view O

invention,

blade viewed from the les
2 1s a schematilc perspective view O:

2] Fig.
1 viewed from the

dilng edge side thereo:
= the

-

[FIG.
turbine blade cascade end wall shown 1n Fig.

B

ﬁ

3 1s a plan view O:

trailing edge side of the turbine blade.
a principal portion o:

Filg.
1.

[FIG. 3]
the turbine blade cascade end wall shown 1n Fig.
a principal portion of

—

4 1s a plan view o:

R—

[FIG. 4] Fig.

the turbine blade cascade end wall like in Fig. 3.
[FIG. 5] Fig. 5 1s a graph showing up and down (recesses
blade cascade end wall located

of the turbiline

and projections)
between one turbilne blade and another turbine blade.
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[FIG. ©] Fig. 6 1s a graph showing the up and down

r—

(recesses and projections) of the turbine blade cascade end

wall located between one turbine blade and another turbine

blade.

[FIG. 7] Fig. 7 1s a drawlng showing a static pressure

distribution on the surface of the turbine blade cascade end

wall.

-

[FIG. 8] Fig. 8 1s a drawing showing a flow of a working

fluid on the surface of the turbine blade cascade end wall.

[FIG. 9] Fig. 9 1s a graph showing the up and down

(recesses and projections) of the turbine blade cascade end

wall located between one turbine blade and another turbine

P

blade according to another embodiment of the turbine blade

cascade end wall in the present invention.

10;

11:

12

13:

14

B:

Explanation of Reference:
[0016]

hub end wall (turbine blade cascade end wall)

first projection (second projection)

second projection (third projection)

third projection (first projection)

recCess

turbine blade

4

Best Mode

for Carrying Out the Invention

10017 ]
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e

Referring now to the drawings, an embodiment of a turbine

blade cascade end wall 1n the present i1nvention will be
described.

As shown 1in Fig. 1 to Fig. 3, a turbine blade cascade end

wall (hereinafter, referred to as "hub end wall"”) 10 1in this

embodiment 1s arranged between one turbine blade (turbine

rotor blade in this embodiment) B and a turbine blade B

arranged 1n adjacent to the turblne blade B (hereinafter,

referred to as "another turbine blade B"), having a first

projection (second projection) 11, a second projection (third

projection) 12, a third projection (first projection) 13 and a

recess 14 provided thereon. Thin solid lines shown on the hub

end wall 10 1in Fig. 3 are contour lines.

[0018]

As shown in Fig. 1 and Fig. 3, the first projection 11 1s

a portion swelled gently (smoothly) in the range from about 0%

F

Cax to about 20% Cax toward the suction side of the one

turbine blade B.

The second projection 12 1s a portion swelled gently

(smoothly) 1n the range from about 0% Cax to about 20% Cax

ﬁ

toward the pressure side of the one turbine blade B.

As shown 1n Fig. 2 and Fig. 3, the third projection 13

P

has a ridge extending downward from the trailing edge of the

turbine blade B toward the downstream side gently at the

beginning and steeply at the end, and along the suction side
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of an adjacent turbine blade. The third projection 13 1s

e

different from, so-called, "fillet" or "rounded".

[0019]

The recess 14 is a portion depressed gently (smoothly)

-

from the suction side of the one turbine blade B and the

pressure side of another turbine blade B toward the position

F

of about 50% Cax and about 50% pitch, that 1s, a recessed

Y

portion having a peak of depression at the position of about

50% Cax and about 50% pitch.

The value 0% Cax here is the position of the leading edge

of the turbine blade B in the axial direction, the value 100%

e

Cax 1is the position of the trailing edge of the turbine blade

B in the axial direction. The value 0% pitch is the position

—

of the pressure side of the turbine blade B and the value

g

100 % pitch is the position of the suction side of the turbine

plade B.

A reference sign o in Fig. 3 1s an outflow angle and, 1in

this embodiment, 1t 1s set to be 60 degrees or larger (more

preferably, 70 degrees or larger).

[0020]

Referring now to Fig. 4 to Fig. ©, the shapes of the

first projection 11, the second projection 12, the third

projection 13 and the recess 14 are described 1n more detail.

P

Fig. 4 1s a plan view of the principal portion of the hub

end wall 10 like 1n Fig. 3. Thin solid lines L1 shown 1in Fig.
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4 are lines drawn 1n the vicinity of the suction side of the

turbine blade B and along the suction side of the turbine

blade B, that 1is, lines drawn at about 95% pitches 1in the

range from 0% Cax to 100% Cax.

Thin solid lines L2 shown 1n Fig. 4 are lines drawn 1n

the vicinity of the pressure side of the turbine blade B and

along the pressure side of the turbine blade B, that 1is, lines

drawn at about 5% pitches 1n the range from 0% Cax to 100%
Cax.

Thin solid lines L3 shown in Fig. 4 are lines drawn at
the intermediate position between the solid lines L1 and the
solid lines L2, that 1is, lines drawn at about 50% pitches in
the range from 0% Cax to 100% Cax.

[0021]

Thin solild lines L4 shown 1n Fig. 4 are lines extending
1in parallel to the surface orthogonal to the axial direction

(line of axis of rotatiocon) of the turbine blade B and are

lines drawn at positions 0% Cax in the range from 0% pitch to
100% pitches.

Thin solid lines L5 in Fi1g. 4 are lines extending in

"

parallel to the surface orthogonal to the axial direction o:
the turbilne blade B and are lines drawn at positions about 20%
Cax 1n the range from 0% pitch to 100% pitches.

Thin solid lines L6 in Fig. 4 are lines extending in

i

parallel to the surface orthogonal to the axial direction of
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the turbine blade B and are lines drawn at positions about 50%

Cax 1n the range from 0% pitch to 100% pitches.

Thin solid lines L7 in Fi1g. 4 are lines extending in

1

parallel to the surface orthogonal to the axial direction o:

the turbine blade B and are lines drawn at positions about 80%

Cax 1n the range from 0% pitch to 100% pitches.
Thin solid lines L8 in Fi1g. 4 are lines 1in parallel to

the surface orthogonal to the axial direction of the turbine

blade B and are lines drawn at positions 100% Cax in the range

from 0% pitch to 100% pitches.
10022]

Fig. 5 and Fig. © are graphs showing up and down

ke

(recesses and projections) of the hub end wall 10 positioned

between the one turbine blade B and another turbine blade B.

e

A broken line a shown 1n Fig. 5 i1ndicates the up and down of

the hub end wall 10 seen when moving from the leading edge to

the trailing edge of the turbine blade B along the thin solid

line L1 shown 1n Fig. 4.

A dashed line b shown in Fig. 5 indicates the up and down

of the hub end wall 10 seen when moving from the leading edge

to the trailing edge of the turbine blade B along the thin

solid line L2 shown in Fig. 4.

A dashed line c¢ shown 1n Fig. 5 indicates the up and down

Oof the hub end wall 10 seen when moving from the leading edge

to the trailing edge of the turbine blade B along the thin
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solid line L3 shown 1n Fig. 4.

(0023]
On the other hand, a thick solid line d shown in Fig. 6

indicates the up and down of the hub end wall 10 seen when

moving from the suction side (or the pressure side) of the one

turbine blade B to the pressure side (or the suction side) of

another turbine blade B along the thin solid line L4 shown in
Fig. 4.
A thin solid line e shown in Fig. 6 1ndicates the up and

P

down of the hub end wall 10 seen when moving from the suction

side (or the pressure side) of the one turbine blade B to the

#

pressure side (or the suction side) of another turbine blade B

along the thin solid line L5 shown in Fig. 4.

A thin solid line f shown in Fig. 6 indicates the up and

F

down of the hub end wall 10 seen when moving from the suction

side (or the pressure side) of the one turbine blade B to the

pressure side (or the suction side) of another turbine blade B

along the thin solid line L6 shown 1in Fig. 4.

A thin solid line g shown 1n Fig. © 1ndicates the up and

r—

down of the hub end wall 10 seen when moving from the suction

side (or the pressure side) of the one turbine blade B to the

—

pressure side (or the suction side) of another turbine blade B

along the thin solid line L7 shown in Fig. 4.

A thin solid line h shown 1n Fig. 6 indicates the up and

down of the hub end wall 10 seen when moving from the suction
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~

side (or the pressure side) of the one turbine blade B to the

¢ 1
}

another turbine blade B

pressure side (or the suctilion side) o:
along the thin solid line L8 shown 1in Fig. 4.

(0024 ]

As will be understood from Fig. 5 and Fig. 6, the apex of

the first projection 11 1s located at a level lower than the

P

apex of the second projection 12. In other words, the apex of

the second projection 12 1s located at a level higher than the

—

apex of the first projection 11.

The intermediate position between the one turbine blade B

and another turbine blade B 1s located at a level lower than

the root portion of the suction side of the one turbine blade

i

B and the root portion of the pressure side of another turbine

blade B 1in the range from 0% Cax to 100% Cax.

Also, as will be understood from the broken line a and
the dashed line b i1in Fig. 5, the apex of the third projection
13 (that 1s, the highest point of the ridge) 1is located at (in

F

the vicinity of) the tailing edge end of the turbine blade B.

[0025]

According to the hub end wall 10 in this embodiment, the

—

static pressure 1n the viclnity of the third projection 13 may

decrease (see the portion surrounded by a broken line in Figqg.

/7 and the portion surrounded by a broken line in Fig. 8) as

shown 1n Fig. 7.

Accordingly, increase in static pressure due to the
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n

stagnation of flow in the area i1mmediately downstream of the

-

trailing edge of the blade (the area where the third

L

projection 13 1is located) 1is restrained, and the flow in the

vicinity of the end wall directed circumferentially due to the

cross flow 1s hindered when passing through the area

immediately downstream of the trailing edge (the area where

the third projection 13 1s located), so that the acceleration

of the cross flow and the whirling up of flow on the suction

side are restrained. Therefore, 1ncrease in 1loss 1is

restrained.

In the blades set to a large outflow angle, since the

percentage of the flow passing through the area immediately

downstream of the trailing edge of the blade in the vicinity

P "
-

of the end wall 1s increased, the loss improvement effect as

described above is specifically extensive.

.

In addition, from the reasons shown above, in the blades

set to a large outflow angle, the same effect 1s achieved

l1rrespective of the blade shape.

Here, the blades set to a large outflow angle are those

having an outflow angle o 1s 60 degrees or larger (more

preferably, 70 degrees or larger).

Also, 1n the blades set to a large outflow angle, since

P

the space on the axially downstream side of the trailing edge

-

of the blade required for providing the third projection 13

~ JP—

may be small, they are at lower risk of need of extension o:

)
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the end on the downstream side of the hub end wall 10 (on the

axially downstream side).

[0026]

On the other hand, by the provision of the first

projection 11, the second projection 12, and the recess 14,

the static pressure in the vicinity of the first projection 11
and 1n the vicinity of the second projection 12 decreases as
shown in Fig. 7, whereby the static pressure 1n the vicinity

P

of the recess 14 may rise. Accordingly, the pressure gradient

on the upstream side of the throat may be directed to the

direction along the suction side of the one turbine blade B

and the pressure side of another turbine blade B and a working

g~

Cluid may be caused to flow along the suction side of the one

Ll

P

turbine blade B and the pressure side of another turbine blade

B. With the hub end wall 10 i1n the configuration shown above,

the cross flow may be reduced and the secondary flow loss 1in

assoclation with the cross flow 1s reduced, so that the

turbine performance 1s improved.

[0027]

B

By decreasing the static pressure 1in the vicinity of the

gr—

first projection 11 and in the vicinity of the second

projection 12, low temperature gas (leaked air) from a leading

edge upstream cavity 1s allowed to flow in a wider range

-

(area) along the surtftace of the hub end wall 10, so that the

— -
p—

cooling effect of the hub end wall 10 1s improved.
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[0028]

—

Referring now to Fig. 9, another embodiment of the hub

end wall according to the present 1nvention will be described.
The hub end wall according to this embodiment 1s

different from the embodiment described above 1n that the hub

end wall 10 seen when the hub end wall 1s moved from the

P

leading edge to the trailing edge of the turbine blade B along

the thin solid line L3 shown in Fig. 4 has up and down as
shown 1n a solid line c¢' 1n Fig. 9. Other components are the

same as the embodiment shown above, and hence description of

those components will be omitted here.

The broken line a and the double dashed line b in Fig. 9
are the same as the broken line a and the double dashed line Db
in Fig. 4, respectively.

(0029}

Since the effects and advantages are the same as those 1n
the embodiment described above, the description will be

omitted here.

[(0030]

'}

In the embodiments described above, the hub end wall of

the turbine rotor blade has been exemplified and described as
the hub end wall. However, the present invention 1is not
limited thereto, and the first projection 11, the second

projection 12, the third projection 13 and the recess 14 may

be provided on the hub end wall of the turbine stator blade or
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r-.-

- the turbine rotor blade, or the tip end wall

a tip end wall o:

of the turbine stator blade.

(0031]

The hub end wall according to the present inventlion may

be applied both to gas turbines and steam turbines.
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CLALIMS

1. A turbine blade cascade end wall positioned on the hub-

side and/or the tip side of a plurality of turbiline blades

arranged in an annular shape, comprising:

a first projection having a ridge extending downward from

F

the trailing edge of a turbine blade toward the downstream

side gently at the beginning and steeply at the end, and along

the suction side of an adjacent turbine blade.

2. The turbine blade cascade end wall according to Claim 1,
wherein the turbine blade cascade end wall 1s provided between
one turbine blade and another turbine blade arranged
adjacently to the one turbine blade with a second projection

swelled gently toward the suction side of the one turbine

blade in the range from about 0% Cax to about 20% Cax and a

"

third projection swelled gently toward the pressure side of

another turbine blade in the range from about 0% Cax to about

F

20%, where 0% Cax 1s the position of the leading edge of the

turbine blade in the axial direction, 100% Cax 1s the position

#

of the trailing edge of the turbine blade in the axial

I}

J

direction, 0% pitch is the position of the pressure side o:

the turbine blade and 100 % pitch i1s the position of the

P

suction side of the turbine blade which opposes the pressure

gr—

side of the turbine blade.

3. The turbine blade cascade end wall according to Claim 2,
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wherein the turbine blade cascade end wall 1s provided with a

recess depressed gently from the suction side of the one

turbine blade and the pressure side of another turbine blade

toward the position of about 50% Cax and about 50% pitch.

4 . A turbine comprising the turbine blade cascade end wall

according to Claim 1.
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