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MOVING TURBINE BLADE
BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to a moving turbine
blade, and more particularly, one useful when applied
to an axial flow .impulse turbine,.

2. Description of the Related Art

FIG. 5 is a schematic view showing moving
turbine blades, along with stationary turbine blades,.
of an axial flow impulse turbine according to an
earlier technology. As shown in the drawing, a
multiplicity of moving turbine blades 1 are disposed
in a circumferential direction of an impeller (not
shown). A multiplicity of stationary blades 2 are
fixed to a casing (not shown) of the axial flow impulse
turbine. The stationary blades 2 function as nozzles
for supplying a high velocity, high pressure fluid (e.qg.
steam) to the moving turbine blades 1.

An analysis of flow velocity in this type of
axial flow impulse turbine has now shown the occurrence
ofn an important phenomenon. With this type of turbine,
conventional knowledge has been that a slow flow
velocity region extending in a band form, called a
stationary blade wake 3 (a dotted portion in the

drawing), is formed behind a rear edge 2a of the



stationary blade 2. A recent finding is that each time
the moving turbine blade 1 cuts across the stationary
blade wake 3 upon rotation of the turbine, a high
velocity region (a cross-hatching in the drawing) 4
of a sharply quickening fluid occurs on a dorsal
surface portion la of the moving turbine blade 1. The
mechanism for formation of this regiqn may be as
follows: The stationary blade wake 3 functions as an
effective wall against a main stream with a high flow-
velocity. Consequently, as the moving turbiﬁe blade
1 approaches the stationary blade wake 3 in accordance
with rotational movement of the moving turbine blade
1 (the direction of the'rotational movement ié
indicated by an arrow A in the drawing), a throat of
a passagéway.effectively forms between the statidnary
blade wake 3 and the moving turbine. blade 1. As a
result, the high veiocity region 4 of a sharply
quickening fluid occurs on the dorsal surface portion
la of the moving turbine blade 1 with the passage of
time. Such a stationary blade wake 3 is formed behind
each of the stationary blades 2, and the high velocity
region 4 is also formed in correspondence with each
stationary blade wake 3. However, only one stationary
" blade wake 3 and only one high velocity region 4 are
shown in the drawing as representatives.

When the above-described unsteady high

velocity region 4, where the flow velocity sharply



increases at the instant of approach to the stationary
blade wake 3, is formed on the dorsal surface portion
la of the moving turbine blade 1, a turbine loss at
this site is great. This is because if the wall stands
in the passageway of the fluid, friction corresponding
to the difference in flow velocity between the high
velocity region and the low veloc.:i.ty region appears,
and the kinetic energy of the fluid changes into heat
owing to this friction. That is, a total pressure loss

occurs. Thus, the efficiency of the turbine declines.
SUMMARY OF THE INVENTION

The present invention has been accomplished in
light of the foregoing problems with the earlier
technology. The object of the invention is to provide
a moving turbine blade which can contribute to
increasing the efficiency'of a turbine while
suppressing an unsteady, sharp increase in flow
velocity,

To attain the above object, the inventors
investigated conditions for formation of a marked high
velocity region 4, and obtained the following
findings: The shape of the stationary blade wake 3 is
. determined simply by the shape of the stationary blade
2. The moving turbine blade '1, on the other hand, is

configured from the aspect that a smooth flow velocity



distribution in a range from a front edge 1b to a rear
edge 1d of the moving turbine blade 1 is ensured based’
on the outlet angle of the fluid flowing out of the
stationary blade 2. Fromthis aspect, the approximate
inlet angle and the approximate shapes of the dorsal
surface portion la and a ventral surface portion lc
are determined. As a fesult, with the moving turbine
blade 1 according to the earlier technology, the dorsal
surface portion la at the site of the front edge 1b
of the moving turbine blade 1 is shaped to be parallel
to the stationary blade wake 3. This shaping of the
dorsal surface portion la of the moving turbine blade
1 to be parallel to the stationary blade wake 3 may
be the major cause of the unsteady, sharp increase in
the flow velocity. When the dorsal surface portion la
is shaped to be parallel to the stationary blade wake
3, a t;.hroat of the passageway is formed, most
proninently, between the stationary blade wake 3 and
the dorsal surface portion la of the moving turbine
blade 1.

The features of the present invention based on
the foregoing findings are characterized by the
following aspects 1) to 5):

1 A moving turbine blade in a turbine having a
multiplicity of the moving furbine blades disposed in
a-circumferential direction of an impeller, the moving

turbine blade being acted on by a fluid, which has left



stationary blades as fixed blades, to transmit a
rotating force to the impeller, wherein:

a shape of a dorsal surface portion, at a front
edge and in a portion adjacent thereto, of the moving
turbine blade is a chamfered shape so as not to be
parallel to a stationary blade wake.

According to the above aspect of the invention,
the shape of the dorsal surface portion at the front
edge of the moving turbiﬂe blade can be displaced from
the stationary blade wake. Thus, it becomes possible
to widen a passageway formed between the dorsal surface
portion at the front edge of the moving turbiné blade
and the stationary blade wake when the moving turbine
blade cuts across the sfatiénary blade wake upon its
rotational movement. Hence, an unsteady increase of
the flow velocity on the dorsal surface portion can
be suppressed. Consequently, even when the moving
turbine blade periodically cuts across the stationary
blade wake in accordancé with movement of the moving
turbine blade, it becomes possible to remove a partial
high wvelocity region of the flow velocity, eliminate
a total pressure loss at this site, and cont_ribute to
increasing the efficiency of the. turbine.

2) In the moving turbine blade described in the
aspect 1) above, when an angle, which a tangent to the
dorsal surface portion at the front edge of the moving

turbine blade makes with a straight line perpendicular
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to a rotating shaft of the turbine, is designated as
0; and a geometrical outlet angle of the stationary
blade is designated as o, 6 is in the following
relationship: |

oy + 2° < 0 < o + 12°

According to this aspect, not only the actions

described in the aspect 1) have been obtained, but also

‘the upper limit value of @ has been restricted. Thus,

a geometrical relationship, such as the inlet angle
of the moving turbine blade relative to the outlet
angle of the stationaryblade, canbe ensured optimally.
Consequently, the moving turbine blades can contribute
to increasing the efficiency of the turbine, without
sacrificing other characteristics.
3) In the moving turbine blade described in the
aspect 1) or 2) above, when a maximum blade thickness
of the moving turbine blade is designated as T,.. and
a blade width, which is a distance between the front
edge and a rear edge of the moving turbine blade, is
designated as W, T,,/W is in the following
relationship:

0.33 < T, /W < 0.42

According to this aspect, not only the actions
described in the aspects 1) and 2) have been obtained,
but also the blade shape' of the moving turbine blade
is thin-walled. Thus, the passageway between the

adjacent moving turbine blades is widened. The



average flow velocity at this site can be decreased.
Consequently, a high velocity region of the flow
velocity between the stationary blade wake and the
dorsal surface portion of the moving turbine blade can
be removed further satisfactorily, and a further
increase in the turbine efficiency can be facilitated.
4) In the moving turbine blade described in the
aspect 1) or 2) above, when an angle, which a tangent
tq a ventral surface portion at the front edge of the
moving turbine blade makes with a tangent to the dorsal
surface portion, is designated as B;,., PBi,c is in the
following relationship:

13° < By < 27°

According to this aspect, not only the actions
described in the aspects 1) and.2) have been obtained,
but also the moving turbine blade has a small blade
thickness in the vicinity of the front edge where the
flow velocity is particularly increased because of the
stationary blade wake. Thus, the passageway between
the adjacent moving turbine bla&es is widened. The
average flow velocity at this site can be decreased.
Consequenfly, a high.velocity region of the flow
velocity between the stationary blade wake and the
dorsal surface portion of the moving turbine blade can
be removed further_satisfactorily, and a further
increase in the turbine efficiency can be facilitated.

5) In the moving turbine blade described in the



aspect 1) or 2) above, when a maximum blade thickness
of the moving turbine blade is designated as T,,.» and
a blade width, which is a distance between the front
edge and a rear edge of the moving turbine blade, is
designated as W, T,,/W is in the following
relationship:

0.33 < T,.,/W < 0.42,
and when an angle, which a tangent to a ventral surface
portion at the front edge of the moving turbine blade
makes with a tangent to the dorsal surface portion,
is designated as Bj,.r Bisc 1s in the following
relationship:

13° < By < 27°

According to this aspect, the superimposition
of the actions described in the aspect 1) or 2) and

the aspects 3) and 4) is obtained. Consequently, the

turbine efficiency can be increased most remarkably.
BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will become more fully
understood from the detailed description given
hereinbelow and the accompanying drawings which are
given by way of illustration oﬁly, and thus are not
limitative of the present invention,; and wherein:

FIGS. 1(a) to 1{c) are views concerned with an

embodiment of the present invention, in which.FIG. 1(a)



is a schematic view showing a moving turbine blade,
FIG. 1(b) is an explanation view conceptually showing
a geometrical outlet angle of a stationary blade, and
FIG. 1(c) is a partial view showing, in an extracted
manner, a front edge portion of the moving turbine

blade;

FIG. 2 is a schematic view showing the shapes
(solid lines) of two moving turbine blades according
to the embodiment of the present invention, in
comparison with the shapes {(dashed lines) of twomoving .
turbine blades according to an earlier technology;

FIG. 3 is a characteristics view showing the
blade surface flow. velocity distribution
characteristics (solid lines) of the moving turbine
blade according to the embodiment of the present
invention, in comparison with the blade surface flow
velocity distribution characteristics (dashed lines)
of the moving turbine blade according to the earlier
technology;

FIG. 4 is a characteristics view showing the
turbine température efficiency (a solid line) of a
turbine having tﬁe moving turbine blade according to '
the embodiment of the present invention, in comparison
with the turbine temperature efficiency (a dashed
line) of a turbine having the moving turbine blade
according to the earlier technology; and

FIG. 5 is a schematic view showing moving



10

turbine blades, along with stationary blades, of an
akial flow impulse turbine according to the earlier

technology.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

An embodiment of the present inventionwill now
be described with reference to the accompanying
drawings, but it should be understood that the
invention is not restricted thereby.

The embodiment is concerned with contrivances
worked out for the shape of a dorsal surface portion
of a moving turbine blade relative to a stationary
blade wake. The problem is what angle of the moving
blade should be set in response to the angle of the
stationary blade wake. Thus, a geometrical outlet
angle o, has bee defined as a parameter corresponding
to the outlet angle of a stationary blade, and a
. preferred shape of the moving turbine blade has been
_specified in relation to this geometrical outlet angle
o . A stationary blade 2 is the same as that in the
earlier technology shown in FIG. 5. The present
embodiment will be explained as a mox-ring turbine blade
combined with such a stationary blade 2.

FIGS. 1(a) to 1{c) are views concerned with the
embodiment of the present invention, in which FIG. 1 (a)

is a schematic view showing a moving turbine blade,
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FIG. 1(b) is an explanation view conceptually showing
a geometrical outlet angle of a stationary blade, and
FIG. 1(c) is a partial view showing, in an extracted
manner, .a front edge portion of the moving turbine
blade.

In FIG. 1(a), the reference numeral 11 denotes
a moving turbine blade, 1la a dorsal surface portion,
11b a front edge, 1llc a ventral surface portion, and
11d a rear edge. Amultiplicity of such moving turbine
blades 11 are disposed in a positional relationship
as shown in FIG. 5, i.e., they are disposed in a
ci‘rct_lmferential direction of an impeller (not shown),
and opposite stationary blades 2. Thus, a fluid coming
out from among the stationary blades 2 is caused to
act on the moving turbine blades 11, transmitting a
rotating force to the impeller. When an angle, which
a tangent L, to the dorsal surface portion 1la of the
moving turbine blade 11 at the front edge ilb of the
moving turbine blade 11 makes with a straight line I,
perpendicular to the rotating shaft of the turbine,
is designated as 6, and a geometrical outlet angle of
the stationary blade 2 is &esignated as dy, 0 is in the
- range defined by the following Expression (1):

Oy + 2° < 0 < o + 12° (1)

More preferably, 6 is in the range defined by
the following Expression (2):

oy + 5° < 0 < oy + 7° (2)
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Here, the geometrical outlet angle o, of the
stationary blade 2 is an angle defined in the following
manner: As shown in FIG. 1(b), a stationary blade
pitch, which is the distance between the adjacent
stationary blades 2, is designated as C,, and a
stationary blade throat width, which is the distance
from a rear edge 2a of one of the adjacent stationary
blades 2 to the dorsal surface portion of the other
stationary blade 2, is designated as §,. 1In this case,
oy is given by the equation o, = sin™'{(§,/C,), because
the straight line that gives the stationary blade
throat. 8y, and a tangent to the stationary blade 2 which
gives the geometrical outlet angle oy can be handled
as being approximately perpendicular to each other,

The uppel; limit of the angle 06 set by the
aforementioned numerical restriction'is determined in
consideration of the following factors: When the
geometrical outlet angle o, of the stationary blade 2
is determined, the preferred shape of the portion at
the front edge 11b of the moving turbine blade 11,
corresponding thereto, is also determined. This
preferred shape is given as having the sum of an angle
0’ and the aforesaid angle 0, the angle 8’ being an angle,
which a tangent L; to the ventral surface portion llc
of the moving turbine blade 11 at the front edge 11b
of the moving turbine blade 11 makes with a straight

line L, perpendicular to the rotating shaft of the
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turbine. Thus, when the angle 6 is fixed, the angle
6 is determined within the framework of the sum of
the angle 0’ and the angle 6. That is, the angle
corresponding to this sum cannot be exceeded.

By restricting the angle 0 as stated above, the
shape of the dorsal surface portion 1la at the front
edge 11b of the moving turbine blade 11 can be displaced
from the stationary blade wake 3 (see FIG. 5; the same
will hold in the descriptions to follow), In other
words, the shape _of the dorsal surface portion 1lla and
the stationary blade wake 3 are not parallel any more,
so that it becomes possible to widen the passageway
formed between the dorsal surface portion 11a at the
front edge ilb of the moving turbine blade 11 and the
stationary blade wake 3 when the moving turbine blade
11 cuts across the stationary blade:wake 3 upon its
rotational movement. Hence, an unsteady increase in
the flow velocity on the dorsal surf.ace can be
suppressed.”’ |

FIG. 2 is a schematic view showing the shapes
(solid lines) of moving turbine blades _11 according
to the above-described embodiment of the present
invention, in comparison with the shapes (dashed
iines) of moving turbine blades 1 according to the
earlier technology shown in FIG. 5. As will become
clear by reference to the drawing, the moving turbine

blade 11 according to this embodiment takes a shape
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formed by chanmfering the dorsal surface portion la
close to the front edge 1b of the moving turbine blade
1 of the earlier technology ((see FIG. 5; the same will
hold in the descriptions to follow). As a result, the
shape of the dorsal surface portion 1lla can be
displaced from the direction of the stationary blade
wake. Incidentally, with the moving turbine blade 1
according to the earlier technology, the angle 8 is
formed to be nearly the same as the ge_ometrical'outlet
angle o, of the stationaryblade 2. It is at least true
that the angle 6 does not exceed (o + 2°).

Because of the foregoing numerical restriction
on the angle 0, the shape of the dorsal surface portion
l1la of the moving turbine blade 11 can be displaced
from, rather than parallel to, the stationary blade
wake 3. In the present embodiment, .the following
additional numerical restriction is adopted:

Circles indicated by two-dot chain lines,
which are inscribed in the shape of the moving turbine
blade 11 shown in FIG. 1(a), have diameters
representing the blade thicknesses of the moving
turbine blade 11 at the site concerned. When the
maximum blade thickness of the moving turbine blade
11 is designated as T,,, and the blade width, which
is the distance between the front edge 11 b and the
rear edge 11d of the moving turbine blade 11, is

designated as W, the ratio T,,,/W is constituted to
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fulfill the relationship 0.33 < T, /W < 0.42,
preferably 06.34 < T, /W < 0.38. Because of this
constitution, the blade shape of the moving turbine
biade 11 is thin-walled. Thus, the passageway between
the adjacent moving turbine blades 11 is widened,
whereby the average flow velocity at this site can be
decreased. Incidentally, the ratio T,,/W in the
moving turbine blade 1 according to the earlier
technology exceeds 0.42.

In the present embodiment, the following
further numerical restriction is performed: As shown
in FIG. 1(c), an angle, which a tangent L, to the dorsal
surface portion 1la at the front edge 11b of the moving
turiaine blade 11 makes with a tangent L; to the ventral
surface portion llc, is designated as PBines Biac is
constituted to have the relationship 13° < Py, < 27°.
Because of this constitution; the moving turbine blade
11 has a small blade thickness in the vicinity of the
‘front edge 11b where the flow velocity is particularly
increased by the stationary blade wake 3.. Thus, the
passageway i)etween the adjacent moving turbine blades
11 is widened, whereby the average flow velocity at
this site can be decreased. Incidentally, the angle
Bin. in the moving turbine blade 1 according to the
eariier technology exceeds 27°.

The lower limit values of the ratio T,,/W and

the angle B;,. have been determined in order to obtain
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a predetermined blade thickness, because the blade
thickness of the moving turbine blade 11 is restricted
by the conditions for forming a smooth flow velocity
distribution in the path from the front edge 11b to
the rear edge 11d of the moving turbine blade 11.
In the turbine having the moving turbine blade

11 according to the present embodiment described above,
the shape of the dorsal surface portion 1la of the
moving turbine blade 11 is not parallel to the
stationary blade wake 3. Thus,'even when the moving
turbine blade 11 cuts across the stationary blade wake
3 in accordance with rotational movement of the moving
turbine blade 11, a relatively large passageway can
be secured between the stationary blade wake 3 and the
moving turbine blade 11. Hence, the high velocity
region 4 (see FIG. 5) of a sharply increased flow
velocity is not formed in this passageway area.
Furthermore, the ratio T,,,/W and the angle B,,. have been
optimized to decrease the average £low velocity
between the adjacent moving turbine blades 11. From
this aspect as well, occurrence of the high velocity
region 4 can be prevented.

| FIG. 3 is a characteristics view showing the
blade surface flow velocity distribution
gharacteristi_cs (solid lines) of the moving turbine
blade 11 according to the above embodiment, in

comparison with the blade surface flow velocity
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distribution characteristics (dashed lines) of the
moving turbine blade according to the earlier

techfxology. FIG. 4 is a characteristics view showing
the turbine temperature efficiency (a solid line) of

the turbine having the moving turbine blade 11

‘according to the above embodiment, in comparison with

the turbine temperature efficiency (a dashed line) of
a turbine having the moving turbine blade according
to the earlier technology. By referring to FIG. 3, one
will see that a marked decrease in flow velocity occurs
on the dorsal surface portion 11la in the vicinity of
the front edge l}b of themoving turbine blade 11. With
reference to FIG. 4, the turbine efficiency is
increased at any instant of one period, and the average
efficiency in one period markedly increases, without
doubt. One period in FIG. 4 refers to the time from
the moment when one moving turbine blade 11 cuts across
one stationary blade wake 3, until the moment when a
next moving turbine blade 11 cuts across a next
stationary blade wake 3. The specifications in FIGS.
3 and 4 are as follows: angle 6 = 21.9°, ratio T,ax)w
= 0.38, and angle B,,. = 24.3°.

The moving turbine blade 11 in the above-
described embodiment has been explained as a moving
turb:".ne blade of an impulse turbine, but is not
restricted thereto. However, the moving turbine

blade will be particularly useful, if it is applied
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to an impulse turbine having a small inlet angle, and
having a dorsal surface portion whose shape tends to
be parallel to a stationary blade wake.

While the present invention has been described
in the foregoing fashion, it is to be understood that
the invention is not limited thereby, but may be varied
in many other ways. Such variations are not to be
regarded as a departure from the spirit and scope of
the inventién, and all such modifications as would be
obvious to one skilled in the art are intended to be

included within the scope of the appended claims.
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What is claimed is:

1. A moving turbine blade in a turbine having a
multiplicity of the moving turbine blades disposed in
a circumferential direction of an impeller, the moving
turbine blade being acted on by a fluid, which has left
stationary blades as fixed blades, to transmit a
rotating force to the impeiler, wherein:

a shape of a dorsal surface portion, at a front
edge and in a portion adjacent thereto, of the moving
turbine blade is a chamfered shape so as not to be

parallel to a stationary blade wake.

2. The moving turbine blade of claim 1, wherein:

when an angle, which a tangent to the dorsal
surface portion at the front edge of the moving turbine
blade makes with a straight line perpendicular to a
rotating shaft of the turbine, is designated as 6, and
a geometrical outlet angle of the stationary blade is
designated as oy, O is in the following relationship:

oy + 2°< 9 < oy + 12°

3. The moving turbine blade of claim 1 or 2,
wherein:

when a maximum blade thickness of the moving
turbine blade is designated as T,,,, and a blade width,

which is a distance between the front edge and a rear

A
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edge of the moving turbine blade, is designated as W,
Pnax/W is in the following relationship:

0.33 < T,, /W < 0.42

4, The moving turbine blade of claim 1 or 2,
wherein:

when an angle, which a tangent to a ventral
surface portion at the front edge of the moving turbine
blade makes with a tangent to fhe dorsal surface
portion, is desighated as Bipesr Pige is in the following
relationship:

13° < By < 27°

5. The moving turbine blade of claim 1 or 2,
wherein:

when a maximum blade thickness of. the moving
turbine blade is designated as T,,,, and a blade width,
which is a distance between the front edge and a rear
edge of the moving turbine blade, is designated as W,
Taax/W is in the following relationship:

0.33 < T,.,/W < 0.42, and

when an angle, which a tangent to a ventral
surface portion at the front edge of the moving turbine
blade makes with a tangent to the dorsal surface

portion, is designated as B,., B, is in the following

relationship:

13° < ﬂinc < 27°
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