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(54) TURBINE BLADE-CASCADE END WALL

(57) Provided is a turbine blade cascade endwall that
is capable of reducing crossflow and is capable of reduc-
ing secondary-flow loss that occurs in association with
the crossflow, therefore being capable of achieving en-
hanced turbine performance. A convex portion (11) that
is gently swollen as a whole, that has an apex (P1) at a
position of 0 to 20 % pitch in a position of 5 to 25 % Cax,
that gently slopes from this apex (P1) toward a down-
stream side and a suction side surface of an adjacently
disposed turbine stationary blade (B1) or turbine moving
blade, and that slopes slightly steeply from the apex (P1)
toward an upstream side is provided between one turbine
stationary blade (B1) or turbine moving blade and anoth-
er turbine stationary blade (B1) or turbine moving blade
disposed adjacent to one turbine stationary blade (B1)
or turbine moving blade.
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Description

Technical Field

[0001] The present invention relates to a turbine blade
cascade endwall.

Background Art

[0002] On a turbine blade cascade endwall in a turbine
serving as a motive power generator that obtains motive
power by converting kinetic energy of a fluid to rotational
motion, a so-called "crossflow (secondary flow)" occurs
from the pressure side of one turbine blade to the suction
side of an adjacent turbine blade.
In order to enhance the turbine performance, it is neces-
sary to reduce this crossflow and to reduce secondary-
flow loss that occurs in association with the crossflow.
[0003] Therefore, as a turbine blade cascade endwall
that reduces such secondary-flow loss associated with
crossflow to improve turbine performance, one having
non-axisymmetric irregularities formed thereon has been
known (for example, see Patent Citation 1).

Patent Citation 1: U.S. Patent No. 6,283,713, Spec-
ification.

Disclosure of Invention

[0004] In a turbine blade cascade endwall disclosed in
the above-described Patent Citation, a concave portion
is formed on a suction-side trailing edge of one turbine
blade and a convex portion is formed on a pressure-side
trailing edge of an adjacent turbine blade.
However, in the convex portion formed on the pressure-
side trailing edge, static pressure declines thereat, and
a discharge angle of a blade outlet ends up increasing,
which deteriorates the performance of a blade cascade
located downstream of a blade cascade having irregu-
larities, thereby posing the risk of decreasing the overall
performance of a turbine having a plurality of blade cas-
cades.
[0005] The present invention has been conceived in
light of above-described circumstances, and an object
thereof is to provide a turbine blade cascade endwall that
is capable of reducing a crossflow and that is also capable
of reducing secondary-flow loss that occurs in associa-
tion with the crossflow, thus being capable of achieving
enhanced turbine performance.
[0006] In order to solve the above-described problems,
the present invention employs the following solutions.
defining 0% Cax as a leading edge position of the turbine
stationary blades or the turbine moving blades in an axial
direction and 100% Cax as a trailing edge position of the
turbine stationary blades or the turbine moving blades in
the axial direction, and defining 0% pitch as a position
on a pressure side surface of the turbine stationary
blades or the turbine moving blades, and 100% pitch as

a position on a suction side surface of a turbine stationary
blade or a turbine moving blade facing the pressure side
surface of the turbine stationary blade or the turbine mov-
ing blade, a convex portion, which is gently swollen as a
whole, which has an apex at a position of 0 to 20 % pitch
at a position of 5 to 25 % Cax, which gently slopes from
this apex toward a downstream side and the suction side
surface of the adjacently disposed turbine stationary
blade or turbine moving blade, and which slopes slightly
steeply from the apex toward an upstream side, is pro-
vided between one turbine stationary blade or turbine
moving blade and another turbine stationary blade or tur-
bine moving blade disposed adjacent to one turbine sta-
tionary blade or turbine moving blade.
[0007] With the turbine blade cascade endwall accord-
ing to the first aspect of the present invention, because
the static pressure near the convex portion can be re-
duced and the flow of working fluid in the axial direction
can be increased, it is possible to reduce the crossflow
and to reduce secondary-flow loss that occurs in asso-
ciation with the crossflow; therefore, enhanced turbine
performance can be achieved.
[0008] A turbine blade cascade endwall according to
a first aspect of the present invention is a turbine blade
cascade endwall that is positioned on a tip side or a hub
side of a plurality of turbine stationary blades or turbine
moving blades arranged in the form of a ring, wherein,
defining 0% Cax as a leading edge position of the turbine
stationary blades or the turbine moving blades in an axial
direction and 100% Cax as a trailing edge position of the
turbine stationary blades or the turbine moving blades in
the axial direction, and defining 0% pitch as a position
on a pressure side surface of the turbine stationary
blades or the turbine moving blades and 100% pitch as
a position on a suction side surface of a turbine stationary
blade or a turbine moving blade facing the pressure side
surface of the turbine stationary blade or the turbine mov-
ing blade, a concave portion, which is gently depressed
as a whole, which has a bottom point at a position of 70
to 90 % pitch in a position of 5 to 25 % Cax, which gently
slopes from this bottom point toward a downstream side
and the pressure side surface of the adjacently disposed
turbine stationary blade or turbine moving blade, and
which slopes slightly steeply from the bottom point toward
an upstream side, is provided between one turbine sta-
tionary blade or turbine moving blade and another turbine
stationary blade or turbine moving blade disposed adja-
cent to one turbine stationary blade or turbine moving
blade.
[0009] With the turbine blade cascade endwall accord-
ing to the second aspect of the present invention, be-
cause the static pressure near the concave portion can
be increased and the flow of working fluid in the axial
direction can be increased, it is possible to reduce the
crossflow and to reduce secondary-flow loss that occurs
in association with the crossflow; therefore, enhanced
turbine performance can be achieved.
[0010] It is further preferable that a second convex por-
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tion that is gently swollen as a whole or a convex portion
be provided near a throat of the turbine blade cascade
endwall according to the first aspect or the second aspect
described above.
[0011] According to the turbine blade cascade endwall
as described above, because the flow rate of the working
fluid passing near the throat increases, thereby reducing
the static pressure thereof and alleviating a pressure gra-
dient generated at the suction side surface of the turbine
stationary blade or the turbine moving blade in a blade-
height direction, vortices generated at the suction side
surface of the turbine stationary blade or the turbine mov-
ing blade can be suppressed, and therefore, it is possible
to reduce secondary-flow loss associated with these vor-
tices.
[0012] A turbine according to a third aspect of the
present invention is provided with the turbine blade cas-
cade endwall according to the first aspect or the second
aspect described above.
With the turbine according the third aspect of the present
invention, because it is equipped with a turbine blade
cascade endwall that is capable of reducing the crossflow
and is capable of reducing secondary-flow loss that oc-
curs in association with the crossflow, it is possible to
achieve enhanced overall turbine performance.
[0013] With the present invention, an advantage is af-
forded in that it is possible to reduce the crossflow and
to reduce secondary-flow loss that occurs in association
with the crossflow, and therefore, enhanced turbine per-
formance can be achieved.

Brief Description of Drawings

[0014]

[Fig. 1] Fig. 1 is a plan view of relevant portions of a
turbine blade cascade endwall according to a first
embodiment of the present invention.
[Fig. 2] Fig. 2 is a plan view of relevant portions of a
turbine blade cascade endwall according to a second
embodiment of the present invention.
[Fig. 3] Fig. 3 is a plan view of relevant portions of a
turbine blade cascade endwall according to a third
embodiment of the present invention.
[Fig. 4] Fig. 4 is a plan view of relevant portions of a
turbine blade cascade endwall according to a fourth
embodiment of the present invention.
[Fig. 5] Fig. 5 is a plan view of relevant portions of a
turbine blade cascade endwall according to another
embodiment of the present invention.
[Fig. 6] Fig. 6 is a diagram showing isobaric lines at
a suction side surface of a turbine stationary blade
shown in Fig. 5.

Best Mode for Carrying Out the Invention

[0015] A first embodiment of a turbine blade cascade
endwall according to the present invention will be de-

scribed below, with reference to Fig. 1.
As shown in Fig. 1, each turbine blade cascade endwall
(hereinafter, referred to as "third-stage stationary-blade
tip endwall) 10 according to this embodiment has a first
convex portion 11 between one turbine third-stage sta-
tionary blade (hereinafter, referred to as "third-stage sta-
tionary blade") B1 and another third-stage stationary
blade B1 disposed adjacent to this third-stage stationary
blade B1.
Note that, solid lines drawn on the third-stage stationary-
blade tip endwall 10 in Fig. 1 indicate contour lines of the
first convex portion 11, contour lines of a second convex
portion 12, to be described later, and contour lines of a
third convex portion 13, to be described later.
[0016] The first convex portion 11 has an apex (peak)
P1 at a position of 0 to 20 % pitch (substantially 7 % pitch
in this embodiment) at a position of 5 to 25 % Cax (sub-
stantially 14 % Cax in this embodiment) and is, as a
whole, a gently (smoothly) swollen portion which moder-
ately slopes, from the apex P1, toward the downstream
side and the suction side surface of the adjacently dis-
posed third-stage stationary blade B1, and which slopes
slightly steeply (slopes at a sloping angle that is larger
(steeper) than a sloping angle toward the downstream
side and the suction side surface of the adjacently dis-
posed third-stage stationary blade B1 from the apex P1)
toward the upstream side from the apex P1.
Here, 0 % Cax indicates a leading edge position of the
third-stage stationary blade B1 in the axial direction, and
100 % Cax indicates a trailing edge position of the third-
stage stationary blade B1 in the axial direction. - (minus)
indicates a position on the upstream side going up from
the leading edge position of the third-stage stationary
blade B1 in the axial direction, and + (plus) indicates a
position on the downstream side going down from the
leading edge position of the third-stage stationary blade
B1 in the axial direction. Furthermore, 0 % pitch indicates
a position on the pressure side surface of the third-stage
stationary blade B1, and 100 % pitch indicates a position
on the suction side surface of the third-stage stationary
blade B1.
The height (degree of convexity) of the apex P1 of this
first convex portion 11 is set at 5 % to 20 % (about 13 %
in this embodiment) of the axial chord length of the third-
stage stationary blade B1 (length of the third-stage sta-
tionary blade B1 in the axial direction).
[0017] Note that, as shown in Fig. 1, the third-stage
stationary-blade tip endwall 10 according to this embod-
iment has, in addition to the first convex portion 11, a
second convex portion 12 that moderately slopes toward
a base of the first convex portion 11 from a position of
substantially 100 % pitch at a position of substantially 0
% Cax, and a third convex portion 13 that moderately
slopes toward the base of the first convex portion 11 from
a position of substantially 100 % pitch at a position of
substantially 90 % Cax.
[0018]  With the third-stage stationary-blade tip end-
wall 10 according to this embodiment, because the static
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pressure near the first convex portion 11 can be reduced
and the flow of working fluid in the axial direction can be
increased, it is possible to reduce cross flow and to re-
duce secondary-flow loss that occurs in association with
the crossflow; therefore, enhanced turbine performance
can be achieved.
[0019] A second embodiment of a turbine blade cas-
cade endwall according to the present invention will be
described with reference to Fig. 2.
As shown in Fig. 2, each turbine blade cascade endwall
(hereinafter, referred to as "third-stage stationary-blade
hub endwall) 20 according to this embodiment has a
fourth convex portion 21 between one turbine third-stage
stationary blade (hereinafter, referred to as "third-stage
stationary blade") B1 and another third-stage stationary
blade B1 disposed adjacent to this third-stage stationary
blade B1. Note that, solid lines drawn on the third-stage
stationary-blade hub endwall 20 in Fig. 2 indicate contour
lines of the fourth convex portion 21 and contour lines of
a fifth convex portion 22, to be described later.
[0020] The fourth convex portion 21 has an apex
(peak) P2 at a position of 0 to 20 % pitch (substantially
3 % pitch in this embodiment) at a position of 5 to 25 %
Cax (substantially 14 % Cax in this embodiment) and is,
as a whole, a gently (smoothly) swollen portion which
moderately slopes from the apex P2 toward the down-
stream side and the suction side surface of the adjacently
disposed third-stage stationary blade B1, and which
slopes slightly steeply (slopes at a sloping angle that is
larger (steeper) than a sloping angle toward the down-
stream side and the suction side surface of the adjacently
disposed third-stage stationary blade B1 from the apex
P2) toward the upstream side from the apex P2.
The height (degree of convexity) of the apex P2 of this
fourth convex portion 21 is set at 5 % to 20 % (about 12.5
% in this embodiment) of the axial chord length of the
third-stage stationary blade B1 (length of the third-stage
stationary blade B1 in the axial direction).
[0021] Note that, as shown in Fig. 2, the third-stage
stationary-blade hub endwall 20 according to this em-
bodiment has the fifth convex portion 22 that moderately
slopes toward a base of the fourth convex portion 21 from
a suction side surface located between substantially -10
% Cax and substantially 85 % Cax of the adjacently dis-
posed third-stage stationary blade B1.
[0022] With the third-stage stationary-blade hub end-
wall 20 according to this embodiment, because the static
pressure near the fourth convex portion 21 can be re-
duced and the flow of working fluid in the axial direction
can be increased, it is possible to reduce crossflow and
to reduce secondary-flow loss that occurs in association
with the crossflow; therefore, enhanced turbine perform-
ance can be achieved.
[0023] A third embodiment of a turbine blade cascade
endwall according to the present invention will be de-
scribed with reference to Fig. 3.
As shown in Fig. 3, each turbine blade cascade endwall
(hereinafter, referred to as "fourth-stage stationary-blade

tip endwall) 30 according to this embodiment has a first
concave portion 31 between one turbine fourth-stage tur-
bine stationary blade (hereinafter, referred to as "fourth-
stage stationary blade") B2 and another fourth-stage sta-
tionary blade B2 disposed adjacent to this fourth-stage
stationary blade B2. Note that, solid lines drawn on the
fourth-stage stationary-blade tip endwall 30 in Fig. 3 in-
dicate isobathic lines of the first concave portion 31 and
isobathic lines of a sixth convex portion 32, to be de-
scribed later.
[0024] The first concave portion 31 has a bottom point
(depression peak) P3 at a position of 70 to 90 % pitch
(substantially 83 % pitch in this embodiment) at a position
of 5 to 25 % Cax (substantially 17 % Cax in this embod-
iment) and is, as a whole, a gently (smoothly) depressed
portion which moderately slopes from the bottom point
P3 toward the downstream side and the pressure side
surface of the adjacently disposed fourth-stage station-
ary blade B2, and which slopes slightly steeply (slopes
at a sloping angle that is larger (steeper) than a sloping
angle toward the downstream side and the pressure side
surface of the adjacently disposed fourth-stage station-
ary blade B2 from the bottom point P3) toward the up-
stream side from the bottom point P3.
The depth (degree of concavity) of the bottom point P3
of this first concave portion 31 is set at 5 % to 15 % (about
6 % in this embodiment) of the axial chord length of the
fourth-stage stationary blade B2 (length of the fourth-
stage stationary blade B2 in the axial direction).
[0025] Note that, as shown in Fig. 3, the fourth-stage
stationary-blade tip endwall 30 according to this embod-
iment has a sixth convex portion 32 that has an apex
(peak) P4 at a position of substantially 90 % pitch at a
position of substantially 90 % Cax and that moderately
slopes toward the bottom point P3 and a pressure side
surface of the adjacently disposed fourth-stage station-
ary blade B2.
[0026] With the fourth-stage stationary-blade tip end-
wall 30 according to this embodiment, because the static
pressure near the first concave portion 31 can be in-
creased and the flow of working fluid in the axial direction
can be increased, it is possible to reduce crossflow and
to reduce secondary-flow loss that occurs in association
with the crossflow; therefore, enhanced turbine perform-
ance can be achieved.
[0027] A fourth embodiment of a turbine blade cascade
endwall according to the present invention will be de-
scribed with reference to Fig. 4.
As shown in Fig. 4, each turbine blade cascade endwall
(hereinafter, referred to as "fourth-stage stationary-blade
hub endwall) 40 according to this embodiment has a sec-
ond concave portion 41 between one turbine fourth-stage
stationary blade (hereinafter, referred to as "fourth-stage
stationary blade") B2 and another fourth-stage stationary
blade B2 disposed adjacent to this fourth-stage station-
ary blade B2. Note that, solid lines drawn on the fourth-
stage stationary-blade hub endwall 40 in Fig. 4 indicate
isobathic lines of the second concave portion 41.
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[0028] The second concave portion 41 has a bottom
point (depression peak) P5 at a position of 70 to 90 %
pitch (substantially 81 % pitch in this embodiment) at a
position of 5 to 25 % Cax (substantially 18 % Cax in this
embodiment) and is, as a whole, a gently (smoothly) de-
pressed portion which moderately slopes from the bottom
point P5 toward the downstream side and the pressure
side surface of the adjacently disposed fourth-stage sta-
tionary blade B2, and which slopes slightly steeply
(slopes at a sloping angle that is larger (steeper) than a
sloping angle toward the downstream side and the pres-
sure side surface of the adjacently disposed fourth-stage
stationary blade B2 from the bottom point P5) toward the
upstream side from the bottom point P5.
The depth (degree of concavity) of the bottom point P5
of this second concave portion 41 is set at 5 % to 15 %
(about 9.4 % in this embodiment) of the axial chord length
of the fourth-stage stationary blade B2 (length of the
fourth-stage stationary blade B2 in the axial direction).
[0029] With the fourth-stage stationary-blade hub end-
wall 40 according to this embodiment, because the static
pressure near the second concave portion 41 can be
increased and the flow of working fluid in the axial direc-
tion can be increased, it is possible to reduce crossflow
and to reduce secondary-flow loss that occurs in asso-
ciation with the crossflow; therefore, enhanced turbine
performance can be achieved.
[0030] With a turbine equipped with the turbine blade
cascade endwall 10, 20, 30, or 40 according to the em-
bodiments described above, because it is equipped with
the turbine blade cascade endwall 10, 20, 30, or 40 that
is capable of reducing crossflow and is capable of reduc-
ing secondary-flow loss that occurs in association with
the crossflow, it is possible to achieve enhanced overall
turbine performance.
[0031] As shown in Fig. 5, in the above-described em-
bodiments, it is further preferable that a seventh convex
portion 51 (not shown) be provided (formed) on the tur-
bine blade cascade endwall 10, 20 , 30, or 40 near a
throat thereof.
By providing such a seventh convex portion 51 on the
turbine blade cascade endwall 10, 20, 30, or 40 near the
throat thereof, because the flow rate of working fluid pass-
ing near the throat increases, thereby reducing the static
pressure thereof and alleviating a pressure gradient gen-
erated at the suction side surfaces of the third-stage sta-
tionary blade B1 and the fourth-stage stationary blade
B2 in a blade-height direction (up-down direction in Fig.
6), as in the contour lines shown by the solid lines in the
blade surface in Fig. 6, vortices generated at the suction
side surfaces of the third-stage stationary blade B1 and
the fourth-stage stationary blade B2 can be suppressed,
and therefore, it is possible to reduce secondary-flow loss
associated with these vortices.
[0032]  The present invention is not limited to the
above-described embodiments, and appropriate modifi-
cations, alterations, and combinations thereof that do not
depart from the gist of the present invention are possible.

[0033] In the above-described embodiments, a turbine
blade cascade endwall has been described as exempli-
fied in the third-stage stationary-blade tip endwall, the
third-stage stationary-blade hub endwall, the fourth-
stage stationary-blade tip endwall, and the fourth-stage
stationary-blade hub endwall; however, the present in-
vention is not limited thereto, and it can be applied to a
hub endwall of turbine moving blades, a tip endwall of
turbine moving blades, a stationary-blade tip endwall of
other stages, or a stationary-blade tip endwall of other
stages.
[0034] Furthermore, the turbine blade cascade end-
wall according to the present invention can be applied to
both a gas turbine and a steam turbine.

Claims

1. A turbine blade cascade endwall that is positioned
on a tip side or a hub side of a plurality of turbine
stationary blades or turbine moving blades arranged
in the form of a ring, wherein,
defining 0% Cax as a leading edge position of the
turbine stationary blades or the turbine moving
blades in an axial direction and 100% Cax as a trail-
ing edge position of the turbine stationary blades or
the turbine moving blades in the axial direction, and
defining 0% pitch as a position on a pressure side
surface of the turbine stationary blades or the turbine
moving blades and 100% pitch as a position on a
suction side surface of a turbine stationary blade or
a turbine moving blade facing the pressure side sur-
face of the turbine stationary blade or the turbine
moving blade,
a convex portion that is gently swollen as a whole,
that has an apex at a position of 0 to 20 % pitch at
a position of 5 to 25 % Cax, that gently slopes from
this apex toward a downstream side and the suction
side surface of the adjacently disposed turbine sta-
tionary blade or turbine moving blade, and that
slopes slightly steeply from the apex toward an up-
stream side is provided between one turbine station-
ary blade or turbine moving blade and another tur-
bine stationary blade or turbine moving blade dis-
posed adjacent to one turbine stationary blade or
turbine moving blade.

2. A turbine blade cascade endwall that is positioned
on a tip side or a hub side of a plurality of turbine
stationary blades or turbine moving blades arranged
in the form of a ring, wherein,
defining 0% Cax as a leading edge position of the
turbine stationary blades or the turbine moving
blades in an axial direction and 100% Cax as a trail-
ing edge position of the turbine stationary blades or
the turbine moving blades in the axial direction, and
defining 0% pitch as a position on a pressure side
surface of the turbine stationary blades or the turbine
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moving blades and 100% pitch as a position on a
suction side surface of a turbine stationary blade or
a turbine moving blade facing the pressure side sur-
face of the turbine stationary blade or the turbine
moving blade,
a concave portion that is gently depressed as a
whole, that has a bottom point at a position of 70 to
90 % pitch in a position of 5 to 25 % Cax, that gently
slopes from this bottom point toward a downstream
side and the pressure side surface of the adjacently
disposed turbine stationary blade or turbine moving
blade, and that slopes slightly steeply from the bot-
tom point toward an upstream side is provided be-
tween one turbine stationary blade or turbine moving
blade and another turbine stationary blade or turbine
moving blade disposed adjacent to one turbine sta-
tionary blade or turbine moving blade.

3. A turbine blade cascade endwall according to Claim
1 or 2, wherein a second convex portion that is gently
swollen as a whole or a convex portion is provided
near a throat.

4. A turbine provided with a turbine blade cascade end-
wall according to any one of Claims 1 to 3.
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