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@ A turbine blade.

(7)) A turbine blade (10) having such a profile that (A) a
straightline (H) is drawn such that (a) said straight line passes
a point of intersection (J) between an extension of a first
straight line (F) which, together with a second straight line in
parallel with the axis of a circular blade array, defines an inlet
angle («;) and an extension of a third straight line which,
together with a fourth straight line in parallel with said axis,
defines an outlet angle {(«:), (b} said straight line (H) is in
parallel with said axis, and {c) said straight line (H) is spaced
apart from the outlet end of the blade {10} by a distance

w= greater than one half of the chord length {C) thereof; and (B)

< that at the point of intersection (P) between said straight line
(H) and the center line (A) of the flow passage between adja-
cent blades, said point being the flow direction changing
point, the smallest width {Sp) of the flow passage is less than
about 0.4 times the width (t) of said flow passage at the inlet
thereof.
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A TURBINE BLADE

The present invention relates to generally
a velocity enhancing blade array of axial flow fluid
machines and more particularly a turbine blade.

Various blade profiles which constitute the
blade arrays of axial flow fluid machines, such as
turbines have been designed and demonstrated. For
instance, a turbine blade profile consists of a
plurality of successively merging cilrcular arcs whose
radii of curvature are gradually decreased from the
leading edge to the tTrailing edge. Blade profiles are
in general designed to obtain a desired inlet angle, a
desired outlet angle and a desired blade width or chord
length, but hydrodynamical conditions in the flow
passage between the adjacent blades are not taken into
consideration. In addition, understanding of the
performance of the blade profiles which can be used in
practice is not sufficient. As a result, it has been
very difficult to obtain a turbine blade profile which
ensures high performance of an axial flow fluid machine.
More specifically, the boundary layers are .formed over
the blade surfaces due to the viscosity of the fluid
and flow past the outlet of the flow passage, resulting
in the lack of velocity of the fluid at the downstream
of the outlet. The degree of the lack of the velocity

of the fluid at the downstream of the outlet determin-

RAM mmisie. .. ﬂ
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the performance of the olade profile. rThe most important
factor which must be taken into consideration in design
of turbine blade profiles islfhe thickness of the
boundary layer at the outlet of*the:flow passage between
the adjacent blades. In general, the;thinner the
boundary layer at the outlet, the higherithe performance
becomes. It has been clarified,that the development of
the thickness of the boundary layer is closely correlated
with the variations in velocity of the fluid pasSing
through the flow paseage. However so,far theavariations
in velocity have not:been taken into coﬁsideration in
the design of a flow passage between the blades. As a
result, no attempt has been made to suppress the formation
of the boundary layer so that the eeoaration of the
boundary layer results, causing very eerious adverse
effects on the performance. Thas it hae been difficult
to obtain the turbine blade profiles which ensure the
ﬁigh performance. o

One of the objecte of the present invention
is therefore to provide a turbine blade which can
stabilize the boundary layers thereon, thus ensuring
high performance. | |

Another object of the present;invention is
to provide a high-performance turbine:olade which
enables the fluid to flow throogh'the flow passage
defined between the adjacent turbihe blades in such a
way that the acceleration'of‘tﬁe fluid is almoet |

completed before the fluid reaches the flow direction
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changing point in the flow passage, whereby the

boundary layers can be stabilized and high performance

can be ensured.

To the above and other ends, briefly stated,
the present invention provides a turbine blade having
such a blade profile that (A) a straight line is drawn
in such a way that (a) said straight line passes a point
of intersection between an extension of a first straight
line which, together with a second straight line in
parallel with the axis of a circular turbine blade
array, defines an inlet angle and an extension of a
third straight line which, together with a fourth
straight line in parallel with said axis, defines an
outlet angle, (b) said straight line is in parallel
with said axis and (c¢) said straight line is spaced
apart from the outlet or discharge end of the turbine
blade by a distance greater than one half of the chord
length thereof; and (B) that at the point of intersection
between said straight line thus drawn and the center
line of the flow passage defined between tThe adjacent
turbine blades, said point being the flow direction
changing point, the smallest width of the flow passage
is less than ébout 0.4 times the width of said flow
passage at the inlet thereof, whereby the acceleration
of the fluid flowing through the flow passage is almost
completed prior to said flow direction changing point
and consequently the boundary layers on the blades are

stabilized to such a higher degree as unattainable by
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any prior art fturbine blade profile.

The above and other objects, features and
effects of the present invention will become moré
apparent from the following description'of a preferred
embodiment thereof taken in cdnjunction with the
accompanying drawings,riniwhich:- |

Fig. 1 is a diagram of a turbine blade
profile in accordancé with the present invéntioh;

Fig. 2 shows the development of the flow
passage between the adjacent blades shown in Fig. 1;

Fig. 3 shows the pressure distribuﬁions,oﬁ
the surfaces of the turbine blade in accordance with
the present invention;

Fig. U4 is a vieW'ﬁsed for the explanation of
the behaviors of the boundary layer on the back
surface of the turbine blade in accordance with the
present invention; and

Fig. 5 shows the relationship between the
deflectlion angle and the blade profile loss céefficient
of the turbine blade in accordance with theipfésenﬁ
invention. | |

Referring fifst,to:Fig; i, the features of
a blade profilile in accordance with the present .
invention will be described. A line H is first drawn
which is in parallel with the axis of blades 10 (that
is, the direction in which the blédes 10 arermounﬁed
in a circular array) and which passes the point of

intersection J between a first line F inclined with
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respect to a second line, which is in parallel with the
axis of a circular turbine blade array, at an inlet
angle o, and a third line inclined with respect to-a
fourth line in parallel with the above-mentioned axis
at an outlet angle %y The position of this line H
corresponds to the point at which the fluid flow is
deflected in direction within the passage between the
back surface 1l0b of the turbine blade 10 and the front
surface 10a of the adjacent blade 10. As shown in Fig.
2, the inlet width of this passage is denoted by t .while
the outlet width, by s. The passage width SP is the
width at the point P at which the center line A of the
flow passage intersects the line H. The distance
between the straight line H which passes the flow
direction changing point P and the outlet of the blade
is so selected as to be greater than one half of the
chord length C of the blade 10. The portion of the
blade profile above the straight line H is referred to
as "the upstream portion" while the portion below the
straight line H, "the downstream portion". The radius
of curvature RN of the upstream portion of the back
surface 10b is smaller than that of the prior art blade
profile while the radius of curvature RNO of the down-
stream portion is greater than that of the prior art
blade profile. 1In addition, the radius of curvature
RNP of the downstream portion of the front surface 10a
is greater than that of the prior art blade profile.

Fig. 2 shows the development of the flow
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passage between the adjacent blades along the;ceﬁﬁer line
APB shown in Fig. 1. It is seen that the width of the
flow passage is drastically reduced at the upstream
portion from the inlet to the flow direction changlng
point P (from A to P in Fig. 1) whilerthe decrease in
width is gradual in the downstream portion,(from P to
B in PFig. 1).

In brief, according to the present invention,
ﬁhe radius of curvature RN ef the upstream portion of
the back surface 10b (from the inlet to the straight
line H in Fig. 1) is made smaller than that of the prior
art blade profile. That is, RN/C <70,1571n matheﬁatidal

terms. The radius of curvature R of the downstream

NO
portion of therback surface lOb (from the stfaight line
H to the outlet in Fig. 1 is expressed by R /C > 5.0.

The radius of curvature RNP
of the front surfacerlOa is ekpressed by RNP/C > 1.3.

of the downstream portion

These conditions are summarized in TABLE i'below.

TABLE 1
upstream ‘downstream | downstream
portian -portion portion
of back: of back of front
~surface surface surface
radius R : R R
of _.I.\.I.< 0.15 - co>__N_Q>5() co)._l\g>1'3
c : C C
curvature

- ——— w—
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TABLE 2 shows the relationship between the
passage width SP at the flow direction changing point P,

the width S at the outlet and the width £ at the inlet.

TABLE 2
Ratio S/SP SP/t
< 1.0 < 0.4
> 0.9

Since the flow passage width at the flow direction
changing point P is SP/t < 0.4, the above width is
smaller than that of the prior art blade profile at the

upstream of the point P. On the other hand, since the

flow passage width at the point P is 0.9 < S/SP < 1.0,

the above width i1s greater than that of the prior art

blade profile at the downstream of the point P. 1In

summary, according to the present invention, as compared

with the prior art blades, the curvature of the back
surface above the straight line H, which passes through
the flow direction changing point P, is made greater
while thé curvatures of the downstream portions of the
front and back surfaces are made smaller or made sub-

stantially zero. Opposed to the prior art blade
profiles consisting of successive merging circular arcs,
according to the present invention, a flow passage

profile can be defined in which an optimum acceleration
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of flow can be ensﬁred. As a result, the accéleration
of the fluid flowing through the flow'passage between
the blades can bé substahtially completed before the
fluid reaches the fldw direction'changing point P.

Next the thickness of the blade profile in
accordance with the present invention will be described
with further reference to Fig. 1. The thicknéss 6f the
upstream portion of the blade is very noticéably
different from that of the prior art blade. The dis—
tance d between therstraight line7F passing thertip'E
of the blade and the point J and the straight line Q
which is in parallel wiﬁh the straight 1line F an&,
tangential to the back surface,lob is 1.5 to 2.0 times
as compared with the prior art blade. ”The'increase in
thickness results from therfact that the redius of

N
10b is reduced so that the upstream portion of the blade.

curvature R,, of the upstream portion of the back surface -

is increased in thickhess. As arresult,'the acceleration'
ofrthé fluid can be substantiallyrcombleted 5efore the
fluid reaches the flow direction_changing'boint E without
changing the inlet angle %y In addition,lthe accelera—r
tion stabilizes the boundary layers and décreéses their
thickness. The fluid flow is deflected’aldﬁg the front
and back surfaceSVIOa and 10b, which are concave and
convex, respectively, so that satisfactory bodndary
layers are formed even after passing'the:flow direction
changing point P. As a consequence, a uniform &elocity

distribution can be attained in the flow.at the
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downstream of the outlet.

In summary, according to the present invention,
the thickness dm of the blade is given by the following

dimensionless expression or parameter:
>
dm/C 0.23

where dm is the distance from the point M, at which the
straight line Q 1s tangent to the back surface 10b, to
the point at which a straight line constructed at the
point M at right angles to the straight line Q intersects
the outline profile of the front surface 10a of the
blade. It will be apparent that, as compared with the
prior art blade in which dm/C is 0.16, the upper

porticon of the blade is increased in thickness.

The features of the present invention will be
more clearly understood from Fig. 3 which shows the flow
in the passage between the blades is expressed in terms-
of the pressure acting on the blade surfaces. The
pressure acting on the back surface of the blade has a
high pressure drop APs in the upstream portion of the
flow passage from the inlet to the point P at which the
flow ié deflected. Since the pressure drop APs
approaches AP which is a pressure drop in the overall
portion of the flow passage, the stabilized boundary
layers can be formed. At the throat (indicated by S in
Pig. 1), a very gentle increase in pressure is observed

while a sudden pressure rise 1s observed in the case of
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the prior art blade. A sudden preSSure'risé'(or the
decrease in velocity) faqilitatesrthe formation 6f the
boundary layers. That is, the pressufe,riée_determines
the conditions of the boundary layers formed and
consequently the performance of the blade;

Shown in Fig. 4 are the veldcity distribution
V, displacement thickness g;and momentum thickness 6 on
the back sﬁrface 10b of the blade. Thé thiéknesses [
and 8 are the measures 1n determining the ﬁhickness of
the boundary layer and are calculated (according to
"N D-5681", published by NASA, May 1970) based’ru'pon fhe,
pressure distributions shown in Fig. 3. 'As,descfibed
above, according to therpresent invention, the éccéle-
ration 1s almost completed before the fluid reaches the
flow direction changing point P so that both the |
displacement thickness § and the momentum thickness 8
can be decreased at the outlet of the'blade,(lX/L = l.O),r
whereby a high performance blade profile can be obtained.

From the data shown in Fig. 4, the blade
profile loss coéfficientjg isrobﬁained by the fbllqwing

equation.

1.74 8
1 - 8

where e is the blade profile loss coefficient;

g

is the displacement thickness; and
8 is the momentum thickness.

As compared with the prior art blade profile, the blade
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profile loss coefficient e of the blade profile in

accordance with the present invention is reduced by

about 30%.

In Fig. 5 1s shown the relationship between
the blade profile loss coefficient e and the inlet and
outlet angles o

and o The blade profile loss

1 2"
coefficient e 1s plotted along the ordinate while the

deflection angle [180° - (al + az)], along the abscissa.

It is seen that when the deflection angle is close to
100°, the blade profile loss coefficlent can be made

as little as about 0.02 as compared with the prior art
blade having a blade profile loss coefficient of higher
than 0.025. Thus the present invention provides a blade
profile with a minimum loss and a higher degree of
performance.

In summary, according to the present invention,
the acceleration is almost completed before the flow
direction changing point so that the.boundary layers can
be highly stabilized and consequently thé velocity
enhancing and high performance blade prorile can be

provided.
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A turbine blade charactgrizéd'by having a blade
profile in which

drawn is a straight line (H) whlch passes a point
of intersection (J) between anrexten51on of a first
straight line (F) which defines an inlet angle (o)
with a second straight line in parallel with the
axis of a circular turbine blade array_and an ex-
tension of a third straight line which defines an
outlet angle (0(2) with a fourth straight line in
parallel with said axis of a circular turbine blade
array, , ,

said straight liner(H) beihg in parallel with said
axis of a circulér turbine blade'arréy and being
spaced apart from the outlet or,dischargé'end of
said blade (10) by a distance greater than one half
of the éhord length (C) of said blade (10); and

the smallest width (Sp) of the flow passage between
the adjacdent blades at the point of intersection (P)
between said straight line (H) ahd,the center line
(A) of said flow passage, said point (P) being the
flow diréctionrchanging point, is selected to be
less than about 0.4 times as small as the width (t)
of the inlet of said flow passage,

whereby the acceleratlon of the flu1d flow1ng
through said flow passage is almost accomplished be-
fore said flow,direbtion changing point (P) and

thereby the boundary 1ayeré are Stabilized.

A turbine blade as set forth in claim 1

further characterized in that,

said smallest width (Sp) QfVSaid flow passage at
said flow direction changing point (P) is about
0.9-1.0 times the smallest width at the outlet of
said flow passage..
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A turbine blade as set forth in claim 1

further characterized in that

the radius of curvature (RN) of the portion of the
back surface of the blade (10) at the upstream of
said flow direction changing point (P) is less

than 0.15 times the chord length (C) of said
blade (10).

A turbine blade as set forth in claim 1

further characterized in that

the radius of curvature (RNO) of the portion of the
back surface of the blade (10) at the downstream

of said flow direction changing point (P) is greater
than 5 times the éhord length (C) of said blade
(10) ..

A turbine blade as set forth in claim &

further characterized in that

the radius of curvature (RNP) of the portion of
the front surface of the blade (10) at the down-

stream of said flow direction changing point (P)

is greater than 1.3 times the chord length (C) of

the blade (10).
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FIG. 4
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FIG. 5
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