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Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present invention relates to a turbine blade
that is exposed to a relatively high temperature atmos-
phere and a relatively low temperature atmosphere, for
example, a turbine blade for use in a gas turbine and the
like.
[0002] Priority is claimed on Japanese Patent Applica-
tion No. 2006-343951, filed on December 21, 2006.

Background Art

[0003] Turbine blades for use in a gas turbine and the
like, for example, include: a concave-curve-like pressure
surface that is concaved along a flow direction of fluid;
and a convex-curve-like suction surface that is convexed
along the flow direction of the fluid. In such turbine blades,
a phenomenon in which a laminar boundary layer of fluid
formed on the suction surface is separated, that is, a
laminar separation is conventionally known to occur. The
laminar separation leads to noise or a decrease in the
turbine efficiency. Therefore, in the example in Patent
Document 1, there is proposed a technique of providing
projections on the suction surface to positively form tur-
bulence with which an occurrence of a laminar separation
is suppressed.
[0004] Patent Document 1: Japanese Unexamined
Utility Model Publication, First Publication No.
H07-35702
[0005] For example, in a turbine in a jet engine of an
aircraft, turbine blades are exposed to different temper-
ature environments between when the aircraft is cruising
and when it is taking off and landing. For example, when
the aircraft is cruising, the turbine blades are exposed to
a relatively low temperature environment (low tempera-
ture atmosphere) because the combustion energy of the
combustion chamber provided at the previous stage of
the turbine is low, that is, an engine output is low. On the
other hand, when the aircraft is taking off and landing,
the turbine blades are exposed to a comparatively high
temperature environment (high temperature atmos-
phere) because the combustion energy of the combus-
tion chamber is high, that is, an engine output is high.
[0006] In the turbine blades that are exposed to a low
temperature environment in cruising and to a high tem-
perature atmosphere in taking off and landing, there aris-
es a phenomenon in which a laminar separation occurs
in the low temperature atmosphere in cruising, while a
laminar separation does not occur in the high tempera-
ture atmosphere in taking off and landing. This phenom-
enon is conceivably due to the fact that in a low temper-
ature atmosphere in cruising, a laminar separation is like-
ly to occur because of low Reynolds numbers while in a
high temperature atmosphere in taking off and landing,

a laminar separation is not likely to occur because of high
Reynolds numbers.
[0007] Therefore, in the case where projections are
provided on the suction surface as in Patent Document
1, a pressure loss of the turbine blade increases more
than in the case without the projections, in a state of being
exposed to the high temperature atmosphere in taking
off and landing, that is, in a state where a laminar sepa-
ration has not occurred. Consequently, there is a possi-
bility of a decrease in turbine efficiency in spite of expec-
tations.
Reference is also made to US2006/0172629 and
US6488238 which disclose turbine blades according to
the preamble of Claim 1.

SUMMARY OF THE INVENTION

[0008] The present invention has been achieved in
view of the above problem, and has an object to decrease
a pressure loss of a turbine blade at low Reynolds num-
bers in a low temperature atmosphere without increasing
a pressure loss of the turbine blade at high Reynolds
numbers in a high temperature atmosphere.
[0009] To achieve the above object, the present inven-
tion provides a turbine blade that is exposed to a high
temperature atmosphere at relatively high temperatures
and to a low temperature atmosphere at relatively low
temperatures, comprising: a concave-curve-like pres-
sure surface that is concaved along a flow direction of
fluid; a convex-curve-like suction surface that is con-
vexed along the flow direction of the fluid; and a concave
and convex formation device provided on the suction sur-
face, characterized in that the concave and convex for-
mation device includes a first metal material and a second
metal material which are arranged in the flow direction
of the fluid, the first metal material has a lower thermal
expansion coefficient than that of the second metal ma-
terial, the concave and convex formation device is adapt-
ed so that the first metal material protrudes further than
the second metal material when the turbine blade is ex-
posed to the low temperature atmosphere which causes
a concave and convex portion along the flow of the fluid
to appear on the suction surface when the turbine blade
is exposed to the low temperature atmosphere and so
that the first metal material and the second metal material
are the same level when the turbine blade is exposed to
the high temperature atmosphere which turns the suction
surface into a smooth surface along a convex curve sur-
face of the suction surface.
[0010] According to the present invention, the concave
and convex formation device causes the concave and
convex portion along the flow of the fluid to appear on
the suction surface when the turbine blade is exposed to
the low temperature atmosphere, and turns the suction
surface into a smooth surface along the convex curve
surface when the turbine blade is exposed to the high
temperature atmosphere. That is, when the turbine blade
is exposed to the low temperature atmosphere, the con-
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cave and convex portion for suppressing the occurrence
of a laminar separation is formed on the suction surface.
When the turbine blade is exposed to the high tempera-
ture atmosphere, the concave and convex portion disap-
pears from the suction surface.
[0011] Furthermore, in the present invention, the con-
cave and convex formation device may include a plurality
of first metal materials and a plurality of second metal
materials alternately arranged in the flow direction.
[0012] According to the present invention, when the
turbine blade is exposed to a low temperature atmos-
phere, the concave and convex portion for suppressing
the occurrence of a laminar separation is formed on the
suction surface. When the turbine blade is exposed to a
high temperature atmosphere, the concave and convex
portion disappears from the suction surface. That is,
when Reynolds numbers are low and a laminar separa-
tion has occurred, the concave and convex portion ap-
pears. When Reynolds numbers are high and a laminar
separation has not occurred, the concave and convex
portion disappears.
[0013] Therefore, it is possible to reduce a pressure
loss of the turbine blade at low Reynolds numbers in the
low temperature atmosphere without increasing a pres-
sure loss of the turbine blade at high Reynolds numbers
in the high temperature atmosphere.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014]

FIG 1 is a perspective view showing a blade accord-
ing to a first embodiment of the present invention.
FIG. 2 is a cross-sectional view of a main part of the
blade according to the first embodiment of the
present invention, including the vicinity of a concave
and convex formation portion provided therein, and
shows a case where the blade is exposed to a low
temperature atmosphere.
FIG 3 is a cross-sectional view of the main part of
the blade according to the first embodiment of the
present invention, including the vicinity of the con-
cave and convex formation portion provided therein,
and shows a case where the blade is exposed to a
high temperature atmosphere.
FIG 4 is a perspective view showing a blade accord-
ing to a second embodiment of the present invention.

Description of the Reference Numerals

[0015] 10, 20, 30: turbine blade, 13: suction surface,
15: concave and convex formation portion (concave and
convex formation device), 151: low expansion coefficient
coating material (metal material), 152: high expansion
coefficient coating material, 153: concave and convex
portion, F: fluid

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0016] Hereinafter is a description of an embodiment
of a turbine blade according to the present invention with
reference to the drawings. In the following drawings, a
scale of every member is appropriately modified in order
to show the member in a recognizable size.

(First embodiment)

[0017] FIG 1 is a perspective view of a turbine blade
10 according to a first embodiment of the present inven-
tion. As shown in the figure, the turbine blade 10 has a
construction surrounded by: a leading edge 11 on a side
to which fluid F flows in; a concave-curve-like pressure
surface 12 that is concaved along a flow direction of the
fluid F; a convex-curve-like suction surface 13 that is con-
vexed along the flow direction of the fluid F; and a trailing
edge 14 on a side from which the fluid F flows out. In the
present embodiment, an attaching mount 16 for attach-
ment onto a turbine main unit (not shown in the figure)
is provided on a side surface of the turbine blade 10.
[0018] On the suction surface 13, a concave and con-
vex formation portion 15 (concave and convex formation
device) is provided over the entire region along a width
direction H of the turbine blade 10 (a direction orthogonal
to a chord of the blade).
[0019] FIG 2 is a cross-sectional view of a main part
of the turbine blade 10 including the vicinity of the con-
cave and convex formation portion 15. As shown in the
figure, the concave and convex formation portion 15 is
made of a plurality of low expansion coefficient coating
materials 151 and a plurality of high expansion coefficient
coating materials 152 (two rows of low expansion coef-
ficient coating materials 151 and three rows of high ex-
pansion coefficient coating materials 152, in the present
embodiment) alternately arranged in the flow direction of
the fluid F.
[0020] The low expansion coefficient coating material
151 is formed from an alloy material (a metal material)
with a thermal expansion coefficient less than that of the
high expansion coefficient coating material 152. For the
low expansion coefficient coating material 151, for ex-
ample an alloy material including a platinum or zirconium
alloy or the like can be used. Furthermore, the high ex-
pansion coefficient coating material 152 is formed from
an alloy material (metal material) with a thermal expan-
sion coefficient greater than that of the low expansion
coefficient coating material 151. For the high expansion
coefficient coating material 152, for example, an alloy
material including an aluminum alloy or the like can be
used. That is, in the present embodiment, the concave
and convex formation portion 15 is constituted by a metal
material group made of a plurality of metal materials with
different thermal expansion coefficients, the metal mate-
rials being arranged in the flow direction of the fluid F.
[0021] In such a concave and convex formation portion
15, the thickness and thermal expansion coefficient of
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the low expansion coefficient coating material 151 and
the thickness and thermal expansion coefficient of the
high expansion coefficient coating material 152 are set
so that when the turbine blade 10 is exposed to a low
temperature atmosphere, the concave and convex por-
tion 153 along the flow of the fluid F appears on the suc-
tion surface 13 as shown in FIG. 2, and also so that when
the turbine blade 10 is exposed to a high temperature
atmosphere, the suction surface 13 is turned into a
smooth surface that is convexed along the flow direction
of the fluid F (a smooth surface along a convex curve
surface) as shown in FIG 3.
[0022] That is, the turbine blade 10 of the present em-
bodiment is provided with the concave and convex for-
mation portion 15 which causes the concave and convex
portion 153 along the flow of the fluid F on the suction
surface 13 when the turbine blade 10 is exposed to a low
temperature atmosphere, and which turns the suction
surface 13 into a smooth surface along the convex curve
surface that convexes along the flow direction of the fluid
F when the turbine blade 10 is exposed to a high tem-
perature atmosphere.
[0023] In the present embodiment, "high temperature
atmosphere" signifies temperatures to which when the
turbine with the turbine blades 10 is installed in a jet en-
gine of an aircraft, the turbine blades 10 are exposed in
a state of high combustion energy of the combustion
chamber in taking off and landing of the aircraft, that is,
in a state of a high engine output. It is an atmosphere in
which no laminar separation occurs irrespective of the
presence or absence of the concave and convex portion
153 (an atmosphere at high Reynolds numbers). On the
other hand, in the present invention, "low temperature
atmosphere" signifies temperatures to which the turbine
blades 10 are exposed in a state of low combustion en-
ergy of the combustion chamber in cruising of the aircraft,
that is, in a state of a low engine output. It is an atmos-
phere in which a laminar separation occurs in the ab-
sence of the concave and convex portion 153 (an atmos-
phere at low Reynolds numbers). For example, when the
difference in temperature between the high temperature
atmosphere and the low temperature atmosphere is ap-
proximately 300°C, the difference in thickness between
the low expansion coefficient coating material 151 and
the high expansion coefficient coating material 152 is ap-
proximately 0.05 mm in the case of the low temperature
atmosphere.
[0024] When the turbine blade 10 of the present em-
bodiment as constructed in this manner is exposed to
the low temperature atmosphere, the concave and con-
vex portion 153 appears on the suction surface 13 as
shown in FIG 2. The flow of the fluid F that has flowed
from the leading edge 11 side of the turbine blade 10
onto the suction surface hits the concave and convex
portion 153, to thereby form turbulence. With such tur-
bulence, the fluid F flows out from the trailing edge 12 of
the turbine blade 10 while suppressing the generation of
the laminar separation in which the laminar boundary lay-

er of the fluid F is separated from the suction surface 13.
Therefore, it is possible to reduce a pressure loss of the
turbine blade 10 more than in the case where the laminar
layer of the fluid F is separated from the suction surface
13.
[0025] Furthermore, when the turbine blade 10 is ex-
posed to the high temperature atmosphere, the suction
surface 13 is turned into a smooth surface as shown in
FIG. 3. The flow of the fluid F that has flowed from the
leading edge 11 side of the turbine blade 10 onto the
suction surface flows out from the trailing edge 12 of the
turbine blade 10 without obstruction. In this manner, the
concave and convex portion 153 disappears from the
suction surface 13 in a state where no laminar separation
has occurred, to thereby make it possible to reduce a
pressure loss of the turbine blade 10 more than in the
case where the concave and convex portion 153 is
present.
[0026] When such a turbine blade 10 according to the
present embodiment is exposed to the low temperature
atmosphere, the concave and convex portion 153 for
suppressing the occurrence of a laminar separation is
formed on the suction surface 13. When the turbine blade
10 is exposed to the high temperature atmosphere, the
concave and convex portion 153 disappears from the
suction surface 13. That is, when Reynolds numbers are
low and a laminar separation has occurred, the concave
and convex portion 153 appears. When Reynolds num-
bers are high and a laminar separation has not occurred,
the concave and convex portion 153 disappears.
[0027] Therefore, it is possible to reduce a pressure
loss of the turbine blade 10 in the low temperature at-
mosphere without increasing a pressure loss of the tur-
bine blade 10 in the high temperature atmosphere.
[0028] It is preferable that the formation position of the
concave and convex formation portion 15 be closer to
the leading edge 11 than a maximum velocity point at
which the flow velocity of the fluid F having flowed onto
the suction surface 13 becomes maximum on the suction
surface 13.
[0029] With the concave and convex formation portion
15 thus being positioned closer to the leading edge 11
than a maximum velocity point at which the flow velocity
of the fluid F becomes maximum on the suction surface
13, the turbulence that is produced by the fluid F hitting
the concave and convex portion 153 is made strong in
the case where the concave and convex portion 153 has
appeared. Thereby, it is possible to further suppress the
occurrence of a laminar separation.

(Second embodiment)

[0030] Next is a description of a second embodiment
of the present invention. In the description of the second
embodiment, like constituent elements to those of the
above first embodiment are explained in a simplified
manner or are not repetitiously explained.
[0031] FIG 4 is a perspective view showing a turbine
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blade 30 of the second embodiment. As shown in the
figure, in the turbine blade 30 of the present embodiment,
the concave and convex formation portion 15, which is
provided over the entire region along the width direction
H of the turbine blade 10 (the direction orthogonal to a
chord of the blade) in the above first embodiment, is in-
termittently provided in the width direction H of the turbine
blade 30.
[0032] In the turbine blade 30 of the present embodi-
ment with such construction, a formation material of the
concave and convex formation portion 15, that is, the low
expansion coefficient coating materials 151 and the high
expansion coefficient coating materials 152 can be re-
duced in amount. Therefore, it is possible to decrease a
pressure loss of the blade in the low temperature atmos-
phere at lower costs, without increasing a pressure loss
of the blade in the high temperature atmosphere.
[0033] While preferred embodiments of the blade ac-
cording to the invention have been described with refer-
ence to the drawings, the invention is obviously not lim-
ited to the above embodiments. Shapes, combinations
and the like of the constituent members illustrated in the
above embodiments are merely examples, and various
modifications based on design requirements and the like
can be made without departing from the spirit or scope
of the invention.
[0034] For example, in the above embodiments, the
description refers to the construction in which the con-
cave and convex formation portion 15 is made of two
types of coating materials (the low expansion coefficient
coating material 151 and high expansion coefficient coat-
ing material 152). However, the present invention is not
limited to this. For example, two types of bar-like mem-
bers may be formed from the same metal materials as
those of the low expansion coefficient coating materials
151 and the high expansion coefficient coating materials
152, and these expansive members may be partly buried
and alternately arranged to construct the concave and
convex formation portion 15.
[0035] Furthermore, in the above embodiments, the
description refers to the construction in which the con-
cave and convex formation portion 15 is made of the
plurality of low expansion coefficient coating materials
151 and the plurality of high expansion coefficient coating
materials 152 alternately arranged. However, the present
invention is not limited to this. The concave and convex
formation portion 15 may be made of a row of low ex-
pansion coefficient coating material 151 and a row of high
expansion coefficient coating material 152. In addition,
the concave and convex formation portion 15 may be
made of a larger number of low expansion coefficient
coating materials 151 and a larger number of high ex-
pansion coefficient coating materials 152 alternately ar-
ranged.
[0036] In such a case, it is possible to suppress a lam-
inar separation in the low temperature atmosphere even
if a height difference is small between the low expansion
coefficient coating material 151 and the plurality of high

expansion coefficient coating materials 152.
[0037] Furthermore, in the above embodiments, the
description refers to the construction in which the con-
cave and convex formation portion 15 is made of two
types of coating materials (the low expansion coefficient
coating material 151 and the high expansion coefficient
coating material 152). However, the present invention is
not limited to this. The concave and convex formation
portion 15 may be constructed by arranging more types
of coating materials. In such a case, it follows that the
coating materials have different thermal expansion coef-
ficients. Therefore, it is possible to bring about a fmer
change in form in the concave and convex formation por-
tion 15.
[0038] Furthermore, the concave and convex forma-
tion device of the present invention is not limited in con-
struction to the concave and convex formation portion 15
of the above embodiments.

INDUSTRIAL APPLICABILITY

[0039] As described above, according to the turbine
blade installed in a jet engine of an aircraft according to
the present invention, it is possible to decrease a pres-
sure loss of a turbine blade at low Reynolds numbers in
a low temperature atmosphere without increasing a pres-
sure loss of the turbine blade at high Reynolds numbers
in a high temperature atmosphere.

Claims

1. A turbine blade (10,20,30) that is exposed to a high
temperature atmosphere at relatively high tempera-
tures and to a low temperature atmosphere at rela-
tively low temperatures, comprising:

a concave-curve-like pressure surface (12) that
is concaved along a flow direction of fluid;
a convex-curve-like suction surface (15) that is
convexed along the flow direction of the fluid;
and
a concave and convex formation device provid-
ed on the suction surface (15), characterized
in that
the concave and convex formation device in-
cludes a first metal material (151) and a second
metal material (152) which are arranged in the
flow direction of the fluid,
the first metal material (151) has a lower thermal
expansion coefficient than that of the second
metal material (152),
the concave and convex formation device is
adapted so that the first metal material (151) pro-
trudes further than the second metal material
(152) when the turbine blade is exposed to the
low temperature atmosphere which causes a
concave and convex portion (153) along the flow
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of the fluid to appear on the suction surface when
the turbine blade is exposed to the low temper-
ature atmosphere and so that the first metal ma-
terial (151) and the second metal material (152)
are the same level when the turbine blade
(10,20,30) is exposed to the high temperature
atmosphere which turns the suction surface into
a smooth surface along a convex curve surface
of the suction surface (15).

2. The turbine blade (10,20,30) according to claim 1,
wherein
the concave and convex formation device includes
a plurality of first metal materials (151) and a plurality
of second metal materials (152) alternately arranged
in the flow direction.

Patentansprüche

1. Turbinenschaufel (10, 20, 30), welche einer Hoch-
temperaturatmosphäre mit relativ hohen Tempera-
turen und einer Tieftemperaturatmosphäre mit rela-
tiv tiefen Temperaturen ausgesetzt ist, umfassend:

eine konkav gekrümmte Druckfläche (12), wel-
che eine Konkavität entlang einer Strömungs-
richtung von Fluid aufweist;
eine konvex gekrümmte Saugfläche (15), wel-
che eine Konvexität entlang einer Strömungs-
richtung des Fluids aufweist; und
eine Konkavitäts- und Konvexitätsausbildungs-
vorrichtung, welche auf der Saugfläche (15) vor-
gesehen ist, dadurch gekennzeichnet, dass
die Konkavitäts- und Konvexitätsausbildungs-
vorrichtung ein erstes metallisches Material
(151) und ein zweites metallisches Material
(152) umfasst, welche in der Strömungsrichtung
des Fluids angeordnet sind,
wobei das erste metallische Material (151) einen
niedrigeren Wärmeausdehnungskoeffizienten
als das zweite metallische Material (152) auf-
weist,
die Konkavitäts- und Konvexitätsausbildungs-
vorrichtung so ausgebildet ist, dass das erste
metallische Material (151) weiter vorsteht als
das zweite metallische Material (152), wenn die
Turbinenschaufel der Tieftemperaturatmosphä-
re ausgesetzt ist, welche das Auftreten eines
konkaven und konvexen Abschnitts (153) ent-
lang der Strömung des Fluids auf der Saugflä-
che verursacht, wenn die Turbinenschaufel der
Tieftemperaturatmosphäre ausgesetzt ist, und
so dass das erste metallische Material (151) und
das zweite metallische Material (152) sich auf
der selben Höhe befinden, wenn die Turbinen-
schaufel (10, 20, 30) der Hochtemperaturatmo-
sphäre ausgesetzt ist, welche die Saugfläche in

eine glatte Oberfläche entlang einer konvex ge-
krümmten Fläche der Saugfläche (15) umwan-
delt.

2. Turbinenschaufel (10, 20, 30) nach Anspruch 1, wo-
bei
die Konkavitäts- und Konvexitätsausbildungsvor-
richtung eine Mehrzahl von ersten metallischen Ma-
terialien (151) und eine Mehrzahl von zweiten me-
tallischen Materialien (152) umfasst, welche alter-
nierend in der Strömungsrichtung angeordnet sind.

Revendications

1. Aube de turbine (10, 20, 30) exposée à une atmos-
phère haute température en présence de tempéra-
tures relativement élevées et à une atmosphère bas-
se température en présence de températures rela-
tivement basses, comprenant :

une surface de pression du type à courbe con-
cave (12), rendue concave le long d’une direc-
tion d’écoulement d’un fluide ;
une surface d’aspiration du type à courbe con-
vexe (15), rendue convexe le long de la direction
d’écoulement du fluide ; et
un dispositif de formation concave et convexe
agencé sur la surface d’aspiration (15), carac-
térisée en que :

le dispositif de formation concave et conve-
xe englobe un premier matériau métallique
(151) et un deuxième matériau métallique
(152) agencés dans la direction d’écoule-
ment du fluide ;
le premier matériau métallique (151) a un
coefficient de dilation thermique inférieur à
celui du deuxième matériau métallique
(152) ;
le dispositif de formation concave et conve-
xe est adapté de sorte que le premier ma-
tériau métallique (151) déborde davantage
que le deuxième matériau métallique (152)
lorsque l’aube de turbine est exposée à l’at-
mosphère basse température, entraînant
l’apparition d’une partie concave et convexe
(153) le long de l’écoulement du fluide sur
la surface d’aspiration lorsque l’aube de tur-
bine est exposée à l’atmosphère basse
température et de sorte que le premier ma-
tériau métallique (151) et le deuxième ma-
tériau métallique (152) se trouvent au mê-
me niveau lorsque l’aube de turbine (10, 20,
30) est exposée à l’atmosphère haute tem-
pérature, transformant la surface d’aspira-
tion en une surface lisse le long d’une sur-
face à courbe convexe de la surface d’as-
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piration (15).

2. Aube de turbine (10, 20, 30) selon la revendication
1, dans laquelle :

le dispositif de formation concave et convexe
englobe plusieurs premiers matériaux métalli-
ques (151) et plusieurs deuxièmes matériaux
métalliques (152) agencés par alternance dans
la direction de l’écoulement.
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