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(57) A fluid power equipment (201, 202) having at
least one stage (201A, 202A) comprising a plurality of
blades and a plurality of nozzles, and a casing (203) ac-
commodating the stages (201A, 202A) there-within is
provided. The casing (203) is configured to have a ma-
chineable exhaust arrangement (203A) therein, ma-
chined based on a number of stages (201A, 202A) to be

FIG 3B

accommodated in the casing and to direct a flow of ex-
haust mass from the casing (203) during operation of the
fluid power equipment (201, 202). Thereby, enabling a
common casing (203) of a fixed length useable for up to
five stages (201A, 202A) of a fluid power equipment (201,
202).

203B

Printed by Jouve, 75001 PARIS (FR)



1 EP 3 734 025 A1 2

Description

[0001] The present invention relates to an exhaust ar-
rangement for a fluid power equipment, such as, a steam
turbine. More particularly the present invention relates to
a casing of the fluid power equipment, having a custom-
izable exhaust arrangement to accommodate variations
in the steam path configuration, for example, a quantity
of stages of the fluid power equipment.

[0002] FIG 1 illustrates an elevation view of an active
part of a fluid power equipment 100, that is, a steam tur-
bine, of the state of the art, as mentioned above. The
steam turbine 100 of the state of the art, especially when
designed for smaller power ranges, comprises a casing
101 carrying various stages of the turbine there-within in
an area 101B of the casing 101, and at a rear end 101A
of the fluid power equipment 100, an exhaust casing (not
shown) is additionally attached to direct steam flow to a
condenser (not shown) for condensing applications or to
a customer supply (not shown) for backpressure appli-
cations. Conventional turbine casings 101 are designed
to be of a standard length to avoid design variations which
may lead to design delays and increase in manufacturing
and fabrication costs. Fixed length casings 101 may be
optimized based on thermodynamic properties to in-
crease power output and improve performance as de-
manded by the application. Typically, a fixed length of
the turbine casing 101 is determined considering maxi-
mum number of stages that are demanded on an aver-
age. In cases where the number of stage requirements
is less, then there is an extra space indicated in FIG 1
by a distance of Y mm which is about 250 mm for smaller
power applications, left in the configured fixed length tur-
bine casing 101 leading to an over-designed equipment.
[0003] Moreover, longer the turbine casing 101, farther
is the bearing centre, indicated in the FIG 1 by a distance
of X mm which is about 300mm for smaller power appli-
cations. This in turn, requires larger sized rotors thereby
posing challenges for rotor-dynamics due to increased
flexibility of the rotor. This may lead to an overall increase
in the costs and loss of business against competitors.
[0004] Therefore,itis an object of the presentinvention
to provide a fluid power equipment of the aforementioned
kind, which is cost effective and can be easily configured
to accommodate various stage requirements.

[0005] The fluid power equipment disclosed in the
present invention achieves the aforementioned object,
in that the fluid power equipment comprises an exhaust
arrangement machineable based on number of stages
to be accommodated in the fluid power equipment.
[0006] Accordingtothe presentinvention, afluid power
equipment is provided. As used herein, "fluid power
equipment" refers to an electro-mechanical device such
as turbomachinery. The fluid power equipment disclosed
herein is a steam turbine. Advantageously, the fluid pow-
er equipment is an industrial steam turbine and specifi-
cally a back-pressure turbine employed in facilities such
as oil refineries, petrochemical industry, paper-pulp in-
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dustry, fibre industry, food industry, etc., where large
amounts of steam demand is prevalent. The fluid power
equipment disclosed herein, includes at least one stage
and a casing. The stages comprise multiple nozzles and
blades. The casing accommodates the stages there-
within.

[0007] The casingis configured to have a machineable
exhaust arrangement. As used herein, the term "machi-
neable" refers to an arrangement permitting removal of
a material, for example, cutting of a metal. Also used
herein, "exhaust arrangement" refers to a section of a
wall of the casing which when machined from the casing,
enables exhaust mass produced during operation of the
fluid power equipment to flow there-through. The exhaust
arrangement is configured to have a circular cross sec-
tion. Advantageously, the exhaust arrangement, that is,
the physical dimensions, are configured based on one
or more fluid dynamics parameters associated with a fluid
used in the fluid power equipment. The fluid dynamics
parameters comprise, for example, a pressure of the flu-
id, a velocity of the fluid, and a volumetric flow of the fluid,
etc. Upon configuration of the exhaust arrangement, the
casing is configured so as to have an area defined by
the exhaust arrangement marked on a wall of the casing.
This enables the design engineers and other manufac-
turing personnel toidentify the exhaustarrangement. The
exhaust arrangement is machined based on a number
of stages to be accommodated in the fluid power equip-
ment. When the fluid power equipmentis being designed
for an application requiring up to three stages, then the
exhaust arrangement is machined from the casing.
Whereas, when the fluid power equipment is being de-
signed for an application requiring more than three stag-
es, then the exhaust arrangementis not machined. Thus,
advantageously, the casing disclosed herein is config-
ured as a common casing that can accommodate up to
five stages of the fluid power equipment without require-
ment of re-designing of the casing. This is achieved due
to the aforementioned exhaust arrangement. According
to another embodiment of the present invention, the ex-
haust arrangement s configured as a bleed arrangement
oran extraction arrangement within the fluid power equip-
ment.

[0008] Thefluid powerequipmentcomprises aleakage
prevention unit disposable against one of the faces of
the casing. The leakage prevention unit maintains a di-
rection of flow of exhaust mass generated by the fluid
power equipment during operation of the fluid power
equipment. The leakage prevention unit is configured as
a seal, in the shapes comprising, for example, a lid, a
plate, a pipe, etc. The leakage prevention unit, according
to one embodiment, when disposed against the face of
the casing, enables maximal flow of exhaust mass of the
fluid power equipment via the machined exhaust ar-
rangement. That is, when the fluid power equipment is
having less than or equal to three stages, the leakage
prevention unit is designed, for example, as a sealing
plate, so as to direct the exhaust mass flow through the
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exhaust arrangement. Whereas, when the fluid power
equipment is having more than three stages, the leakage
prevention unit is designed, for example, as an exhaust
pipe, so as to direct the exhaust mass flow through itself
into a condenser or to a supply for backpressure appli-
cations. The exhaust pipe in such cases is, for example,
the exhaust casing used in backpressure type steam tur-
bines or condensing type steam turbines. Thus, one or
more physical dimensions of the leakage prevention unit
are configured based on a number of stages to be ac-
commodated in the fluid power equipment.

[0009] Also, disclosed herein, is a casing of a fluid pow-
er equipment, for example, a turbine casing, configurable
to accommodate there-within atleast one stage compris-
ing multiple blades and nozzles. The casing comprises
an exhaust arrangement. Advantageously, the exhaust
arrangement enables the casing to be used for up to five
stages with minimal machining and assembling. The ex-
haust arrangement is machined based on a number of
the stages to be accommodated in the casing, for exam-
ple, for up to three stages. The exhaust arrangement is
configured based on one or more fluid dynamics param-
eters associated with a fluid used in the fluid power equip-
ment, for example, a pressure of the fluid, a velocity of
the fluid, and a volumetric flow of the fluid, etc.

[0010] 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.

[0011] The presentinvention is further described here-
inafter with reference to illustrated embodiments shown
in the accompanying drawings, in which:

FIG 1 illustrates an elevation view of an active
part of a steam turbine, of the state of
the art.

FIGS 2A-2B llustrate elevation views of steam tur-
bines, according to an embodiment of
the present invention.

FIGS 3A-3C illustrate perspective views of turbine
casing for the steam turbines shown in
FIGS 2A-2B, having a machineable ex-
haust arrangement, according to an em-
bodiment of the present invention.
FIGS 4A-4C llustrate a leakage prevention unit dis-
posable against the turbine casing
shown in FIGS 3A-3C, according to the
present invention.

[0012] Various embodiments are described with refer-
ence to the drawings, wherein like reference numerals
are used to refer to like elements throughout. In the fol-
lowing description, for the purpose of explanation, nu-
merous specific details are set forth in order to provide
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thorough understanding of one or more embodiments. It
may be evident that such embodiments may be practiced
without these specific details.

[0013] FIGS 2A-2B illustrate elevation views of steam
turbines 201, 202, according to an embodiment of the
presentinvention. FIG 2Aillustrates a three-stage steam
turbine 201. Each of the stages 201A of the three-stage
steam turbine 201 comprise multiple blades and nozzles
(not shown) accommodated within a turbine casing 203.
FIG 2B illustrates a five-stage steam turbine 202. Each
of the stages 201A of the five-stage steam turbine 202
are accommodated within the turbine casing 203. As
seen in FIGS 2A and 2B, a common turbine casing 203
can be used to accommodate stages ranging from one
tofive. This stage accommodation variability using a fixed
length turbine casing 203 is possible due to an exhaust
arrangement 203A shown in FIG 2A and 2B. The exhaust
arrangement 203A comprises a portion of the casing con-
figured such that it can be machined, that is, removed if
required. After removal of the portion, the machined ex-
haust arrangement 203A’ shown in FIG 2A enables the
turbine casing 203 to be used for a three-stage steam
turbine 201. Whereas, if there are more than three stages
201A to be accommodated within the turbine casing 203
then the exhaust arrangement 203A is not machined,
that is, not removed from the turbine casing 203. Thus,
the same turbine casing 203 can be used for up to five
stages of a steam turbine.

[0014] FIGS 3A-3C illustrate perspective views of tur-
bine casing 203 for the steam turbines 201 and 202 hav-
ing a machineable exhaust arrangement 203A shown in
FIGS 2A-2B, according to an embodiment of the present
invention. FIG 3A shows the turbine casing 203. Initially,
the exhaust arrangement 203A is closed with an inner
wall 203C of the turbine casing 203. On the inner wall
203C, multiple grooves 203B are machined, each con-
figured to accommodate a turbine stage 201A therein,
shown in FIG 2A. FIG 3B shows the turbine casing 203
with a machined exhaust arrangement 203A’ as the tur-
bine casing 203 is for a three-stage arrangement. In this
case, a face 203D of the turbine casing 203 is configured
so as to be operably coupled with a leakage prevention
unit directing the exhaust mass of the steam turbine 201,
202 via the machined exhaust arrangement 203A’ only.
FIG 3C shows the turbine casing 203 having grooves
203B extended in number to accommodate five stages
of the steam turbine 201, 202. In this case, the exhaust
arrangement 203A is not machined out from the turbine
casing 203 and the face 203D is sealed with help of a
standard backpressure or condensing type exhaust cas-
ing directing the exhaust mass flow via the exhaust cas-
ing.

[0015] FIGS 4A-4C illustrate aleakage prevention unit
401, 402, and 403 disposable against the turbine casing
203 shown in FIGS 3A-3C, according to the present in-
vention. FIG 4A shows a leakage prevention unit 401
configured as a circular plate. A face 401A of the plate
operably couples with the face 203D of the turbine casing
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203 shown in FIG 3B to enable the exhaust mass to flow
through the machined exhaustarrangement203A’. FIGS
4B and 4C show leakage prevention units 402 and 403
respectively configured such that the faces 402A and
403A operably couple with the face 203D shown in FIG
3C. The leakage prevention units 402 and 403 are used
for steam turbines having more than three stages, that
is, when the exhaust arrangement 203A is not machined
from the turbine casing 203. In these cases, the exhaust
mass flows through the exhaust pipes 402B and 403B
shown respectively in FIGS 4B and 4C.

[0016] The foregoing examples have been provided
merely for the purpose of explanation and are in no way
to be construed as limiting of the present invention dis-
closed herein. While the invention has been described
with reference to various embodiments, it is understood
that the words, which have been used herein, are words
of description and illustration, rather than words of limi-
tation. Further, although the invention has been de-
scribed herein with reference to particular means, mate-
rials, and embodiments, the invention is not intended to
be limited to the particulars disclosed herein; rather, the
invention extends to all functionally equivalent structures,
methods and uses, such as are within the scope of the
appended claims. Those skilled in the art, having the ben-
efit of the teachings of this specification, may affect nu-
merous modifications thereto and changes may be made
without departing from the scope and spirit of the inven-
tion in its aspects.

List of reference numerals

[0017]

100 fluid power equipment of state of the art

101 turbine casing of the state of the art

101A rear end of the fluid power equipment of
the state of the art

101B area of the casing accommodating stag-
es, of the state of the art

201, 202 fluid power equipment (steam turbines
having three and five stages respective-
ly)

201A, 202A  stages of the fluid power equip-
ment/steam turbine

203 casing/turbine casing

203A machineable exhaust arrangement

203A machined exhaust arrangement

203B groove(s)/diaphragm groove accommo-
dating stages there-within

203C wall of the casing

203D face of the casing

401 leakage prevention unit for fluid power
equipment having less than or equal to 3
stages

402, 403 leakage prevention units/exhaust cas-

ings/exhaust pipes for fluid power equip-
ment having more than 3 stages
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401A face of the leakage prevention unit 401

402A face of the leakage prevention unit 402

402B exhaust pipe of leakage prevention unit
402

403A face of the leakage prevention unit 403

403B exhaust pipe of leakage prevention unit
403

Claims

1. A fluid power equipment (201, 202) having:

- at least one stage (201A, 202A) comprising a
plurality of blades and a plurality of nozzles;

- acasing (203) accommodating the atleastone
stage (201A, 202A) there-within;

characterized in that:

- the casing (203) is configured to have a ma-
chineable exhaust arrangement (203A).

2. The fluid power equipment (201, 202) according to
claim 1, wherein the exhaust arrangement (203A) is
machined based on a number of stages (201A,
202A) to be accommodated in the fluid power equip-
ment (201, 202).

3. The fluid power equipment (201, 202) according to
any one of the claims 1 and 2, wherein the exhaust
arrangement (203A) is configured based on one or
more fluid dynamics parameters associated with a
fluid used in the fluid power equipment (201, 202),
wherein the fluid dynamics parameters comprise a
pressure of the fluid, a velocity of the fluid, and a
volumetric flow of the fluid.

4. The fluid power equipment (201, 202) according to
the claim 1, comprising a leakage prevention unit
(401) disposable against one of the faces (203D) of
the casing (203).

5. The fluid power equipment (201, 202) according to
the claim 4, wherein the leakage prevention unit
(401) when disposed against the face (203D) of the
casing (203), enables maximal flow of exhaust mass
of the fluid power equipment (201, 202) via the ma-
chined exhaust arrangement (203A").

6. The fluid power equipment (201, 202) according to
any one of the claims 4 and 5, wherein one or more
physical dimensions of the leakage prevention unit
(401, 402, 403) are configured based on a number
of stages (201A, 202A) to be accommodated in the
fluid power equipment (201, 202).

7. The fluid power equipment (201,202) according to
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any one of the previous claims is a steam turbine.

A casing (203) of a fluid power equipment (201, 202)
configurable to accommodate there-within at least
one stage (201A, 202A) comprising a plurality of
blades and a plurality of nozzles, the casing (203)
characterized by a machineable exhaust arrange-
ment (203A).

The casing (203) according to the claim 8, wherein
the exhaust arrangement (203A) is machined based
on a number of stages (201A, 202A) to be accom-
modated in the casing (203).

The casing (203) according to any one of the claims
8 and 9, wherein the exhaust arrangement (203A)
is configured based on one or more fluid dynamics
parameters associated with a fluid used in the fluid
power equipment (201, 202), wherein the fluid dy-
namics parameters comprise a pressure of the fluid,
a velocity of the fluid, and a volumetric flow of the
fluid.
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FIG 3A
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FIG 3B
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