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Description

Title of Invention: TURBINE SEAL ASSEMBLY AND TURBINE
APPARATUS COMPRISING THE TURBINE SEAL ASSEMBLY

[1]

[2]

[3]

[4]

[5]

[6]

[7]

Technical Field

Exemplary embodiments relate to a turbine seal assembly and a turbine apparatus

comprising the turbine seal assembly.

Background Art

A turbine apparatus converts energy of a fluid (such as water, gas, or steam), into
valuable work.

In particular, in a gas turbine apparatus, gas at high temperature and high pressure
discharged from a combustor enters the turbine apparatus and hits the blades of the

turbine apparatus, thereby rotating the output axis of the turbine apparatus.
Disclosure of Invention

Technical Problem

In gas turbine apparatuses, turbine performance may be enhanced by increasing a
seal performance, and Japanese Patent Publication No. 2003-254006 discloses a
technique for increasing the number of seal fins while reducing the risk of rubbing in

order to increase the seal performance.

Solution to Problem

One or more exemplary embodiments provide a turbine seal assembly including a
seal member having increased motion control performance, and a turbine apparatus
comprising the turbine seal assembly.

According to an aspect of an exemplary embodiment, there is provided a turbine seal
assembly comprising: a seal installation groove formed inside a casing; at least one
seal member that has at least one tip portion formed in a blade direction and is installed
in the seal installation groove; at least one elastic member for elastically connecting the
casing to the seal member, wherein an inlet for an inflow of compressed gas is formed
in the seal installation groove, and wherein a first space which the compressed gas
enters is formed in the seal member, and at least one flow pathway which connects the
first space to a space between a blade and the seal member is formed in the seal
member.

Advantageous Effects of Invention
According to exemplary embodiments, seal performance may be improved by

improving performance for controlling movement of a seal member.

Brief Description of Drawings
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The above and other aspects will become more apparent by describing in detail

exemplary embodiments thereof with reference to the attached drawings in which:
FIG. 1 is a cross-sectional view of a turbine apparatus according to an exemplary em-

bodiment;
FIG. 2 is a magnified cross-sectional view of a seal assembly of the turbine apparatus
of FIG. 1;
FIG. 3 is a perspective view of a seal member of the turbine apparatus of FIG. 1;
FIG. 4 is a front view of the seal member of FIG. 3; and
FIG. 5 is a schematic diagram for describing an operation of the seal assembly of the

turbine apparatus, according to an exemplary embodiment.

Best Mode for Carrying out the Invention

According to an aspect of an exemplary embodiment, there is provided a turbine seal
assembly comprising: a seal installation groove formed inside a casing; at least one
seal member that has at least one tip portion formed in a blade direction and is installed
in the seal installation groove; at least one elastic member for elastically connecting the
casing to the seal member, wherein an inlet for an inflow of compressed gas is formed
in the seal installation groove, and wherein a first space which the compressed gas
enters is formed in the seal member, and at least one flow pathway which connects the
first space to a space between a blade and the seal member is formed in the seal
member.

The elastic member may be a plate spring.

A thermal expansivity of a material of the elastic member may be different from a
thermal expansivity of a material of the casing.

The first space may be closed in a front direction of the blade.

The inlet may be connected to a compressed gas tube connected to a compressor.

According to an aspect of another exemplary embodiment, there is provided a turbine
apparatus comprising: a casing in which a seal installation groove is formed; a rotor
that is installed inside the casing and has a plurality of blades; at least one seal member
that has at least one tip portion formed in a blade direction and is installed in the seal
installation groove; at least one elastic member for elastically connecting the casing to
the seal member, wherein an inlet for an inflow of compressed gas is formed in the seal
installation groove, and wherein a first space which the compressed gas enters is
formed in the seal member, and at least one flow pathway which connects the first
space to a space between a blade and the seal member is formed in the seal member.

The tip portion may comprise a first tip portion and a second tip portion formed apart
from the first tip portion, and a space between the first tip portion and the second tip

portion is connected to the flow pathway.



WO 2013/129788 PCT/KR2013/001103

[21]

[22]
[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

A thermal expansivity of a material of the elastic member may be different from a

thermal expansivity of a material of the casing.
The first space may be closed in a front direction of the blade.

The inlet may be connected to a compressed gas tube connected to a compressor.
Mode for the Invention

The exemplary embodiments will be described more fully with reference to the ac-
companying drawings. Like reference numerals in the specification and drawings
denote like elements, and thus their repetitive description will be omitted.

FIG. 1 is a cross-sectional view of a turbine apparatus 100 according to an exemplary
embodiment, FIG. 2 is a magnified cross-sectional view of a seal assembly of the
turbine apparatus 100 of FIG. 1, FIG. 3 is a perspective view of a seal member of the
turbine apparatus 100 of FIG. 1, and FIG. 4 is a front view of the seal member 130 of
FIG. 3.

As shown in FIG. 1, the turbine apparatus 100 has a multistage turbine structure
having 4 stages and includes a casing 110, a rotor 120, the seal member 130, an elastic
member 140, and a frame 150. In the configuration of the turbine apparatus 100, a part
directly related to a seal operation may be called a seal assembly, and in the current
embodiment, the seal assembly may be a structure including a portion of the casing
110, the seal member 130, and the elastic member 140.

The casing 110 has an internal space in which gas flows, and the rotor 120, the seal
member 130, and the elastic member 140 are accommodated in the internal space.

An intake 111 for inflow of gas at high temperature and high pressure from a
combustor (not shown) is formed in a front direction of the casing 110, and an outlet
112 for discharging expanded gas is formed in a rear direction of the casing 110.

Nozzle vanes 113 are installed between rows of blades 122 of the rotor 120 inside the
casing 110 to guide the gas flown in to effectively hit the blades 122. Since this con-
figuration of the nozzle vanes 113 may be well-known and commonly used for general
multistage turbines, a detailed description of the structure and arrangement is not
provided here.

As shown in FIG. 2, a seal installation groove 114 is formed inside the casing 110 in
a circumference direction around the rotor 120.

An inlet 114a for introducing compressed gas is formed in the seal installation
groove 114 to be connected to a compressed gas tube 210 connected to an external
compressor (not shown). A designer may select a compressor having a plurality of
stages as the external compressor and also select a configuration for connecting the
compressor to the compressed gas tube 210 in order to receive compressed gas at an

appropriate location of each pressure stage. Alternatively, the designer may select a
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configuration including a plurality of external compressors, each external compressor
generating compressed gas at a different pressure, and in this case, the compressed gas
generated by each external compressor flows through a corresponding compressed gas
tube 210.

The rotor 120 includes a rotation axis 121 functioning as an output axis and the
blades 122 for generating a rotational force when hit by the inflow of gas.

The rotation axis 121 is supported by bearings 151 installed on the frame 150.

The blades 122 generate a rotational force when hit by the gas guided by the nozzle
vanes 113 and are arranged with a predetermined interval therebetween along the cir-
cumference direction of the rotation axis 121.

The blades 122 may be classified into a first blade row 122a, a second blade row
122b, a third blade row 122c, and a fourth blade row 122d according to expanded
stages, as shown in FIG. 1.

Although the turbine apparatus 100 has a 4-stage structure in the current em-
bodiment, wherein the blades 122 include the first to fourth blade rows 122a, 122b,
122¢, and 122d, the exemplary embodiment is not limited thereto. That is, the number
of stages in the turbine apparatus 100 is not limited, and accordingly, the number of
blade rows is not limited either. For example, the turbine apparatus 100 may have a
10-stage structure, wherein the blades 122 are classified into 10 blade rows.

As shown in FIG. 2, the seal member 130 is installed in the seal installation groove
114 to seal a space between the casing 110 and the blades 122.

As shown in FIGS. 3 and 4, the seal member 130 is formed in an arc shape, and a
plurality of seal members 130 may be installed in a row on a single seal installation
groove 114. That is, the seal member 130 is installed in the seal installation groove
114, and the seal member 130 is formed to match the shape of the seal installation
groove 114 formed in the circumference direction.

The seal member 130 has a stirrup-shaped(U-shaped) cross section as shown in FIG.
2 and comprises an upper part 131, a lower part 132 that is apart from the upper part
131 and is arranged below the upper part 131, and a connection part 133 for connecting
the upper part 131 to the lower part 132, wherein a first space 130a is formed between
the upper part 131 and the lower part 132.

A tip portion 134 is formed in a blade direction on the surface of the lower part 132
of the seal member 130 to face the blades 122.

The tip portion 134 includes a first tip portion 134a and a second tip portion 134b
that is apart from the first tip portion 134a and is arranged at a location closest to the
blades 122 from among parts in the seal member 130.

A plurality of flow pathways 132a are formed in the lower part 132 of the seal

member 130 to connect to a space between the first tip portion 134a and the second tip
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portion 134b, thereby connecting a space between the blades 122 and the seal member
130 to the first space 130a.

The first space 130a is a space into which the compressed gas is introduced from the
inlet 114a formed in the seal installation groove 114. The first space 130a is open in
the rear direction of the casing 110 so that the open part faces the inlet 114a, while the
first space 130a is closed in the front direction of the casing 110 by the connection part
133.

The elastic member 140 elastically connects the casing 110 to the seal member 130.

One end of the elastic member 140 is fixed to the inner surface of the seal installation
groove 114 in the casing 110, and the other end thereof is fixed to the upper part 131 of
the seal member 130.

The elastic member 140 is formed of a material having a different thermal ex-
pansivity from a material of the casing 110, and thus, a thermal behavior of the casing
110 and a thermal behavior of the elastic member 140, which vary according to an
operation of the turbine apparatus 100, may not be influenced by each other. As a
result, a thermal behavior of the seal member 130 connected to the elastic member 140
may not be influenced by the thermal behavior of the casing 110, thereby being easy to
control the seal member 130.

However, the exemplary embodiment is not limited thereto. That is, the material of
the casing 110 may have the same thermal expansivity as the material of the elastic
member 140.

Although the elastic member 140 is a plate spring in the current embodiment, the
exemplary embodiment is not limited thereto. That is, the elastic member 140 is not
specifically limited as long as it is elastically connecting the casing 110 to the seal
member 130. For example, the elastic member 140 may have a coil spring shape.

The frame 150 functions as a frame structure of the turbine apparatus 100.

Although the turbine apparatus 100 includes the frame 150 in the current em-
bodiment, the exemplary embodiment is not limited thereto. That is, the turbine
apparatus 100 according to the current embodiment may not include the frame 150 so
that the casing 110 may function as the frame structure of the turbine apparatus 100. In
this case, the casing 110 forms not only the outer surface of the turbine apparatus 100
but also is formed to extend towards the inside of the turbine apparatus 100 to perform
the function of the frame 150.

The bearings 151 for supporting the rotation axis 121 are installed on the frame 150,
and the casing 110 is also installed on the frame 150.

An operation of the turbine apparatus 100 according to an exemplary embodiment
will now be described.

When a user starts the turbine apparatus 100, gas at high temperature and high
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pressure enters through the intake 111 of the casing 110, expands by passing through
the nozzle vanes 113, and hits the blades 122. As such, the blades 122 rotate, thereby
generating power.

According to the current embodiment, the user may increase the seal performance
and simultaneously prevent a collision (rubbing phenomenon) between an edge part
122t of a blade 122 and the seal member 130 by optimally controlling a gap between
the seal member 130 and the blades 122 of the rotor 120. An operation of controlling
the gap between the seal member 130 and the blades 122 of the rotor 120 by con-
trolling the movement of the seal member 130 will now be described with reference to
FIG. 5.

FIG. 5 is a schematic diagram for describing an operation of the seal assembly in the
turbine apparatus 100, according to an exemplary embodiment.

During an operation of the turbine apparatus 100, gas at high pressure flows from the
front direction of a blade 122 to a space @ via a space @ and presses the seal member
130 with a force P1 forcing the seal member 130 to move in the rear direction (the
positive direction of an x-axis) and a force P2 forcing the seal member 130 to move in
the upper direction (the positive direction of a y-axis). As a result, the seal member 130
may excessively move in the upper direction (the positive direction of the y-axis) and
also may excessively move in the rear direction (the positive direction of the x-axis) so
that a jamming phenomenon at points A and B according to a collision between the
seal member 130 and the inner surface of the seal installation groove 114 may occur.

However, in the current embodiment, the user may introduce compressed gas having
an appropriate pressure through the inlet 114a formed in the seal installation groove
114 to control the gap between the seal member 130 and the blades 122 of the rotor
120. By doing as so, the introduced compressed gas flows into the first space 130a (a
space @) of the seal member 130, the compressed gas flowing into the first space 130a
moves to the space between the first tip portion 134a and the second tip portion 134b
via a flow pathway 132a so that a pressure in the first space 130a (the space @) and a
pressure in a space @ balance each other so that a force P3 makes the seal member 130
move in the front direction (the negative direction of the x-axis).

Thus, the user may optimally control the movement of the seal member 130 by
selecting a shape and material of the elastic member 140 in consideration of the force
P2 and an elastic force of the elastic member 140 in the y-axis direction and by
adjusting the magnitude of a pressure of the compressed gas flowing through the inlet
114a in consideration of the forces P1 and P3 in the x-axis direction.

In more detail, the user may select an elastic coefficient, a shape, and a material of
the elastic member 140 and may determine a pressure of the compressed gas flowing

through the inlet 114a to obtain maximum seal performance by repeatedly performing
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experiments and simulations and may optimally operate the turbine apparatus 100
based on the experimental and simulation results.

For example, the user may appropriately adjust the pressure of the compressed gas
flowing through the inlet 114a to balance the forces P1 and P3 so that the seal member
130 freely moves in the x-axis direction.

In the current embodiment, since the thermal behavior of the seal member 130 is not
influenced by the thermal behavior of the casing 110 due to the structure and material
of the elastic member 140, the movement of the seal member 130 is easily controlled
as described below.

When a temperature of the turbine apparatus 100 increases after the turbine apparatus
100 starts operating, a thermal expansion speed of the casing 110 is faster than that of
the rotor 120 due to a structural characteristic of the casing 110 enclosing the rotor
120. Thus, a gap between the inner wall of the casing 110 and the rotor 120 becomes
temporarily wide. However, since the seal member 130 is installed using the elastic
member 140 having a different thermal expansivity from the casing 110 in the current
embodiment, the thermal behavior of the seal member 130 is not influenced by the
thermal behavior of the casing 110. Thus, according to the current embodiment, an
effect due to the thermal expansion may be reduced as much as possible when the
movement of the seal member 130 is controlled.

In addition, when the operation of the turbine apparatus 100 is about to end, the tem-
perature of the turbine apparatus 100 decreases, and in this case, a thermal reduction
speed of the casing 110 is faster than that of the rotor 120 due to the structural charac-
teristic of the casing 110 enclosing the rotor 120. Accordingly, the gap between the
inner wall of the casing 110 and the rotor 120 is temporarily too narrow. However,
since the seal member 130 is installed using the elastic member 140 having a different
thermal expansivity from the casing 110 in the current embodiment, the thermal
behavior of the seal member 130 is not influenced by the thermal behavior of the
casing 110. Thus, according to the current embodiment, an effect due to the thermal
reduction may be reduced as much as possible when the movement of the seal member
130 is controlled.

As described above, according to the exemplary embodiment, the user may optimally
control the movement of the seal member 130 by selecting a shape and material of the
elastic member 140 in consideration of the force P2 and an elastic force of the elastic
member 140 in the y-axis direction and adjusting the magnitude of a pressure of the
compressed gas flowing through the inlet 114a in consideration of the forces P1 and P3
in the x-axis direction. That is, the user may obtain optimal seal performance by
optimally controlling the movement of the seal member 130, thereby increasing the

performance of the turbine apparatus 100 and preventing occurrence of the rubbing
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[65] In addition, since the thermal behavior of the seal member 130 is not affected by the

[66]

[67]

thermal behavior of the casing 110 due to the structure and material of the elastic
member 140, the movement of the seal member 130 may be easily controlled.

While the present invention has been particularly shown and described with reference
to exemplary embodiments thereof, it will be understood by those of ordinary skill in
the art that various changes in form and details may be made therein without departing

from the spirit and scope of the present invention as defined by the following claims.
Industrial Applicability

According to an aspect of an exemplary embodiment, there is provided a turbine seal

assembly and a turbine apparatus.
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Claims

A turbine seal assembly comprising:

a seal installation groove formed inside a casing;

at least one seal member that has at least one tip portion formed in a
blade direction and is installed in the seal installation groove; and

at least one elastic member for elastically connecting the casing to the
seal member,

wherein an inlet for an inflow of compressed gas is formed in the seal
installation groove, and

wherein a first space which the compressed gas enters is formed in the
seal member, and at least one flow pathway which connects the first
space to a space between a blade and the seal member is formed in the
seal member.

The turbine seal assembly of claim 1, wherein the elastic member is a
plate spring.

The turbine seal assembly of claim 1, wherein a thermal expansivity of
a material of the elastic member is different from a thermal expansivity
of a material of the casing.

The turbine seal assembly of claim 1, wherein the first space is closed
in a front direction of the blade.

The turbine seal assembly of claim 1, wherein the inlet is connected to
a compressed gas tube connected to a compressor.

A turbine apparatus comprising:

a casing in which a seal installation groove is formed;

a rotor that is installed inside the casing and has a plurality of blades;
at least one seal member that has at least one tip portion formed in a
blade direction and is installed in the seal installation groove; and

at least one elastic member for elastically connecting the casing to the
seal member,

wherein an inlet for an inflow of compressed gas is formed in the seal
installation groove, and

wherein a first space which the compressed gas enters is formed in the
seal member, and at least one flow pathway which connects the first
space to a space between a blade and the seal member is formed in the
seal member.

The turbine apparatus of claim 6, wherein the tip portion comprises a

first tip portion and a second tip portion formed apart from the first tip



WO 2013/129788

[Claim 8]

[Claim 9]

[Claim 10]

10

PCT/KR2013/001103

portion, and

a space between the first tip portion and the second tip portion is
connected to the flow pathway.

The turbine apparatus of claim 6, wherein a thermal expansivity of a
material of the elastic member is different from a thermal expansivity
of a material of the casing.

The turbine apparatus of claim 6, wherein the first space is closed in a
front direction of the blade.

The turbine apparatus of claim 6, wherein the inlet is connected to a

compressed gas tube connected to a compressor.
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