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(54) Steam turbine with an improved exhaust casing

(57) The present invention relates to a steam turbine
(100) with an improved exhaust casing (112). In one em-
bodiment, the steam turbine (100) comprises a rotor
(102) fitted with moving blades (104). The steam turbine
(100) comprises an exhaust casing (112) enclosing a por-
tion of the rotor (102) and stationary blades (108A) which
form one or more blade stages (110A) with one or more
of the moving blades (104) fitted on the portion of the

rotor (102). The exhaust casing (112) comprises a first
chamber (114) in communication with hot portion of blade
stages (122), and a second chamber (116) connected to
cold portion of blade stages (124) that is in direction of
steam flow (120) and arranged after the hot portion of
blade stages (122). The exhaust casing (112) is provided
with an insulation means (118) for thermally insulating
the first chamber (114) from the second chamber (116).
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Description

[0001] The present invention generally relates to the
field of steam turbines, and more particularly relates to
an exhaust casing for steam turbines.
[0002] Steam turbines are machines that are used to
generate mechanical power from pressure energy of
steam. Steam turbine essentially comprises a rotor, an
inner casing, and an exhaust casing. The rotor is fitted
with moving blades which are arranged in a plurality of
rows in an axial direction. Similarly, stationary blades (al-
so known as guide blades) are arranged on the inner
casing in a plurality of rows. The inner casing encloses
the rotor.
[0003] A pair of moving and stationary blades forms a
blade stage. Thus, a steam turbine is comprised of a
number of blade stages. The number of blade stages
forms a steam flow path in an axial direction.
[0004] The exhaust casing is connected to the inner
casing and houses a portion of the rotor towards the ex-
haust end of the steam turbine. The exhaust casing is
provided with one or more stationary blades which form
blade stages (sometimes referred to as low pressure
stages) with the moving blades fitted on the portion of
the rotor. The exhaust casing is divided into a first cham-
ber and a second chamber via a partition wall (e.g., hav-
ing thickness of 25 to 30 mm). The first chamber is in
communication with hot portion of blade stages while the
second chamber is in communication with cold portion
of blade stages. The cold portion of blade stages is in
direction of steam flow and arranged after the hot portion
of blade stages. The hot portion of blade stages refers
to blade stage(s) which are in communication with high
temperature steam flowing in the axial direction towards
the exhaust end of the steam turbine. The cold portion
of blade stages refers to a final blade stage(s) among
the one or more blade stages through which low temper-
ature steam, particularly wet steam, is exhausted into the
second chamber.
[0005] During operation of the steam turbine, steam
generally flows along the steam flow path in the axial
direction from inlet to exhaust. As the steam travels along
the steam flow path, the steam does work on the moving
blades fitted on the rotor, thereby rotating the rotor of the
steam turbine. Due to this, temperature and pressure of
the steam gradually reduces as the steam flows towards
the exhaust end.
[0006] In the exhaust casing, the steam flows through
the hot portion of blade stages. During this phase, the
first chamber is in communication with the flowing steam.
The steam continues to flow along the steam flow path
while doing additional work on the moving blades and
finally get exhausted through the cold portion of blade
stages into the second chamber for flow to a condenser.
[0007] Normally, temperature of the steam in commu-
nication with the first chamber is higher than the temper-
ature of the steam exhausted into the second chamber.
Due to difference in temperature, heat transfer takes

place from the first chamber to the second chamber. Con-
sequently, the temperature of the steam which is in com-
munication with the first chamber undergoes heat loss
and as a result wetness is introduced in the steam. This
may lead to erosion of blades in the blade stages. Further,
the wetness in the steam may affect efficiency of the
steam turbine. Also, temperature of the steam in com-
munication with the second chamber increases due to
heat transfer from the first chamber. Hence, condenser
is required to do extra work to condense the exhausted
steam. As a result, the efficiency of the condenser is af-
fected.
[0008] Additionally, due to temperature difference
across the first chamber and the second chamber, tem-
perature across a horizontal flange connecting two
halves of the exhaust casing may vary in the range of 40
to 100 degree centigrade, resulting in opening at joints.
[0009] In light of the foregoing, there is a need for a
steam turbine with an improved exhaust casing such that
heat transfer across different chambers of the exhaust
casing is minimized.
[0010] Therefore, it is the object of the present inven-
tion to provide a steam turbine comprising an improved
exhaust casing provided with an insulation means for
thermally insulating the different chambers.
[0011] The object of the present invention is achieved
by a steam turbine employing an improved exhaust cas-
ing. The steam turbine comprises an exhaust casing
which encloses a plurality of stationary blades and a por-
tion of a rotor fitted with a plurality of moving blades. The
moving blades and the stationary blades together form
blade stages along a steam flow path. The blade stages
are classified as a hot portion of blade stages and a cold
portion of blade stages. The hot portion of blade stages
comprises one or more blade stages which are in com-
munication with high temperature steam flowing along
the steam flow path. The one or more blade stages can
be any blade stages other than the final blade stage(s).
The cold portion of blade stages comprises at least last
blade stage among the blade stages through which low
temperature steam is exhausted to flow into condens-
er(s). The cold portion of blade stages is in direction of
steam flow and arranged after the hot portion of blade
stages.
[0012] The exhaust casing comprises a first chamber
which is in communication with the hot portion of blade
stages and a second chamber which is connected to the
cold portion of blade stages. The first chamber and the
second chamber are separated by a partition. The ex-
haust casing is provided with an insulation means for
thermally insulating the first chamber from the second
chamber. Thus, the insulation means prevents the steam
in communication with the first chamber from heat loss
and hence no wetness is introduced in the steam.. Con-
sequently, erosion of blades in the blade stages enclosed
by the exhaust casing is significantly reduced. As a result,
efficiency of the steam turbine is optimized by use of the
insulation means. Additionally, efficiency of condenser
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handling the exhausted steam is optimized as heat gain
by the exhausted steam in the second chamber from the
steam in the first chamber is prevented through use of
the insulation means. The insulation means is made from
material which can prevent heat transfer across the par-
tition separating the first chamber and the second cham-
ber. For example, the insulating means is made from
material, such as a coating special acrylic resin blend
with ceramic compounds, which can withstand high tem-
perature (in the range of 100 to 200 degree centigrade)
and resistant to erosion and moisture.
[0013] In one embodiment, the insulation means is ar-
ranged on one side of the partition which separates the
first chamber from the second chamber. In another em-
bodiment, the insulation means is arranged on other side
of the partition. In yet another embodiment, the insulation
means is arranged on both sides of the partition.
[0014] Therein, the insulation means is arranged on
outer surface of horizontal flanges of the exhaust casing.
Thus, the insulation means ensures that temperature dif-
ference across the horizontal flanges is minimal. Advan-
tageously, uneven deformation and expansion of the hor-
izontal flanges is eliminated, thereby ensuring proper
contact closure at the horizontal flanges.
[0015] The above-mentioned and other features of the
invention will now be addressed with reference to the
accompanying drawings of the present invention. The
illustrated embodiments are intended to illustrate, but not
limit the invention.
[0016] The present invention is further described here-
inafter with reference to illustrated embodiments shown
in the accompanying drawings, in which:

FIG 1 illustrates a schematic representation of a
steam turbine employing an improved exhaust
casing according to one embodiment of the
present invention.

FIG 2 illustrates a schematic representation of a
steam turbine employing an improved exhaust
casing according to another embodiment of the
present invention.

[0017] Various embodiments are described with refer-
ence to the drawings, wherein like reference numerals
are used to refer the drawings, wherein like reference
numerals are used to refer to like elements throughout.
In the following description, for the purpose of explana-
tion, numerous specific details are set forth in order to
provide thorough understanding of one or more embod-
iments. It may be evident that such embodiments may
be practiced without these specific details.
[0018] FIG 1 illustrates a schematic representation of
a steam turbine 100 employing an improved exhaust cas-
ing 112 according to one embodiment of the present in-
vention. The steam turbine 100 comprises a rotor 102,
an inner casing 106 and an exhaust casing 112. The
inner casing 106 houses the rotor 102. The rotor 102 is

fitted with moving blades 104 arranged in a plurality of
rows. Similarly, the inner casing 106 is provided with a
stationary blades 108 arranged in a plurality of rows.
[0019] The moving blades 104 and the stationary
blades 108 form a steam flow path in an axial direction.
Each set of moving and stationary blades form a blade
stage. Thus, the moving blades 104 and the stationary
blades 108 forms plurality of blade stages 110 along the
steam flow path 120.
[0020] The exhaust casing 112 is connected to the in-
ner casing 106 towards the exhaust end of the steam
turbine 100. The exhaust casing 112 houses a portion of
the rotor 102. The exhaust casing 112 is provided with a
set of stationary blades 108A which form one or more
blade stages 110A with the set of moving blades 104
fitted on the portion of the rotor 102. Particularly, the one
or more blade stages 110A constitute low pressure stag-
es of the steam turbine 100.
[0021] For the ease of understanding, the blades stag-
es 110A is classified as hot portion of blade stages 122
and cold portion of blade stages 124. The hot portion of
blade stages 122 refers to blade stage(s) which are in
communication with high temperature steam 130 flowing
in direction of steam flow 120. The cold portion of blade
stages 124 refers to final blade stage(s) among the one
or more blade stages 110A through which low tempera-
ture steam 132, particularly wet steam, is exhausted. As
can be seen, the cold portion of blade stages 124 is lo-
cated in direction of steam flow 120 and arranged after
the hot portion of blade stages 124.
[0022] The exhaust casing 112 comprises a first cham-
ber 114, and a second chamber 116. The first chamber
114 is in communication with the hot portion of blades
stages 122. In an exemplary implementation, the first
chamber 114 is a chamber which houses the blade stag-
es 110A. The second chamber 116 is connected to the
cold portion of blade stages 124. In an exemplary imple-
mentation, the second chamber 116 is a chamber which
guides the steam 132 exhausted through the cold portion
of blade stages 124 to a condenser.
[0023] The first chamber 114 and the second chamber
116 are separated by a partition 126. An insulation means
118 is arranged on the partition 124. The insulation
means 118 thermally insulates the first chamber 114 from
the second chamber 116. In one embodiment, the insu-
lation means 118 is arranged on outer surface of the par-
tition 126. In another embodiment, the insulation means
118 is arranged on inner surface of the partition 125. In
yet another embodiment, the insulation means 118 is ar-
ranged on both surfaces of the partition 126.
[0024] During operation of the steam turbine 100, high
temperature and pressure steam 130 flows along the
steam flow path 120 through the blades stages 110. Con-
sequently, the high temperature and pressure steam 130
does work on the moving blades 104 fitted on the rotor
102. As a result, the rotor 102 rotates to generate rota-
tional energy. The temperature and pressure of the
steam 130 gradually decreases as the steam 130 flows
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along the steam flow path towards the final blade stages
(i.e., exhaust end).
[0025] Upon entering the exhaust casing 112, the
steam 130 flows through the hot portion of blade stages
122. At this point, the first chamber 114 is in communi-
cation with the flowing steam 130 which then flows to-
wards the cold portion of blade stages 124 and is finally
exhausted into the second chamber 116. The tempera-
ture of the steam 130 at the hot portion of blades 122 is
higher than temperature of steam 132 exiting the cold
portion of blades 124. This is due to the fact that the
temperature of the steam 130 gradually decreases as
the steam 130 flows from the hot portion of blades 122
towards the cold portion of blades 124. Thus, at any in-
stance during the operation of the steam turbine 100, the
inner surface of the partition 126 is in communication with
the high temperature steam 130 flowing through the hot
portion of blade stages 122 while the outer surface of the
partition 126 is in communication with the low tempera-
ture steam 132 exhausted through the cold portion of
blade stages 124. Hence, there is possibility of heat trans-
fer across the partition 126, i.e., from the first chamber
114 to the second chamber 116. According to the present
invention, the insulation means 118 arranged on the par-
tition 126 prevents heat transfer from the first chamber
114 to the second chamber 116. The insulation means
118 prevents heat loss from the steam 130 in the first
chamber 114. Thus, no wetness is introduced in the
steam 130 in communication with the blade stages 110A.
Consequently, erosion of blades in the blade stages
110A is significantly reduced. As a result, efficiency of
the steam turbine 100 is optimized. Also, efficiency of
condenser handling the steam 132 is optimized as the
steam 132 in the second chamber 116 does not undergo
heat gain from the steam 130 in the first chamber 114.
[0026] In accordance with the foregoing description,
the insulation means 118 is additionally disposed on sur-
face of horizontal flanges 128 connecting upper portion
and lower portion of the exhaust casing 118. The insu-
lation means 118 ensures that temperature difference
across the horizontal flanges 128 is minimal. Advanta-
geously, uneven deformation and expansion of the hor-
izontal flanges 128 is eliminated, thereby ensuring proper
contact closure at the horizontal flanges 128. Thus, no
special fastening means, such as bigger bolts and bottle
bores, is required to ensure proper contact closure at the
horizontal flanges 128.
[0027] The insulation means 118 is made from material
which can prevent heat transfer across the partition 126
especially when temperature difference across the par-
tition 126 is in the range of 100 to 200 degree centigrade.
Also, the insulation means 118 is selected such that it is
resistant to moisture and non-deteriorating. For example,
the insulation means 118 may be a coating of special
acrylic resin blend with ceramic compounds. The coating
of 5mm to 10mm can be sprayed on the partition 126 to
reduce heat losses from the first chamber 114 to the sec-
ond chamber 116 by almost 80% to 90%. It can be noted

that, type and amount of the insulation means 118 may
depend on the material used for making the exhaust cas-
ing 112.
[0028] FIG 2 illustrates a schematic representation of
a steam turbine 200 employing an improved exhaust cas-
ing 202 according to another embodiment of the present
invention. The steam turbine 200 of FIG 2 is similar to
the steam turbine 100 of FIG 1 except the construction
of the steam turbine 200 at the exhaust end. At the ex-
haust end of the steam turbine 200, the exhaust casing
202 houses the inner casing 106 carrying the stationary
blades 108. The inner casing 106 is provided with an
opening 204 at the hot portion of blade stages 122 so
that the first chamber 114 is in communication with the
hot portion of blade stages 122.
[0029] According to the present invention, the exhaust
casing 112 comprises the insulation means 118 which
thermally insulates the first chamber 114 from the second
chamber 116. In an exemplary implementation, the insu-
lation means 118 is arranged on at least one side of a
partition which separates the first chamber 114 and the
second chamber 118.
[0030] During operation of the steam turbine 200, cer-
tain amount of steam 130 flowing through the hot portion
of blade stages 122 enters the first chamber 114 via the
opening 204 in the inner casing 106. It is understood that,
certain amount of steam 130 is extracted in the first cham-
ber 114 for use in various industrial processes. The re-
maining steam 132 continues to flow along the steam
flow path 120 towards the cold portion of blade stages
124 and is finally exhausted through the cold portion of
blade stages 124 into the second chamber 116 for flow
to condenser(s). The steam 132 exhausted into the sec-
ond chamber 116 is having temperature lower than the
steam 130 accumulated in the first chamber 114. Due to
this, there is a possibility of heat transfer across the par-
tition 126 which separates the first chamber 114 and the
second chamber 116. However, the insulation means
118, arranged on the surface of the partition 126, pre-
vents heat losses from the high temperature steam 130
in the first chamber 114 to the low temperature steam
132 in the second chamber 116. Advantageously, the
high temperature steam 132 extracted in the first cham-
ber 114 can be efficiently used for industrial purposes.
[0031] One skilled in the art would understand that the
exhaust casing 112 may comprise more than one first
chamber 114, wherein the steam 130 collected in such
chambers is used for different industrial processes. At
least one chamber may be located before low pressure
blade stage of the steam turbine 200 and at least one
chamber may be chamber may be located after the low
pressure blade stage of the steam turbine 200.
[0032] While the present invention has been described
in detail with reference to certain embodiments, it should
be appreciated that the present invention is not limited
to those embodiments. In view of the present disclosure,
many modifications and variations would be present
themselves, to those skilled in the art without departing
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from the scope of the various embodiments of the present
invention, as described herein. The scope of the present
invention is, therefore, indicated by the following claims
rather than by the foregoing description. All changes,
modifications, and variations coming within the meaning
and range of equivalency of the claims are to be consid-
ered within their scope.

Claims

1. A steam turbine (100) comprising:

an exhaust casing (102) enclosing multiple
blade stages (110A) arranged in an axial direc-
tion, wherein the exhaust casing (112) compris-
es a first chamber (114) which is in communica-
tion with a hot portion of blade stages (122), and
a second chamber (116) which is connected to
a cold portion of blade stages (124), wherein the
cold portion of blade stages (124) is located in
the direction of steam flow (120) and arranged
after the hot portion of blade stages (122), char-
acterized by an insulation means (118) for ther-
mally insulating the first chamber (114) from the
second chamber (116).

2. The steam turbine (100) according to claim 1, where-
in the insulation means (118) is arranged on one side
of a partition (126) which separates the first chamber
(114) from the second chamber (116).

3. The steam turbine (100) according to claim 1, where-
in the insulation means (118) is arranged on other
side of a partition (126) which separates the first
chamber (114) from the second chamber (116).

4. The steam turbine (100) according to claim 1, where-
in the insulation means (118) is arranged on both
sides of a partition (126) which separates the first
chamber (114) from the second chamber (116).

5. The steam turbine (100) according to any of the pre-
ceding claims 1 to 4, wherein the insulation means
(118) is arranged on outer surface of a horizontal
flange (128) of the exhaust casing (112).

6. The steam turbine (100) according to any of the pre-
ceding claims 1 to 5, wherein the insulation means
(118) is moisture resistant.
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