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CUSTOMISABLE CASING ARRANGEMENT FOR STEAM TURBINE

The present invention relates to a casing arrangement for a
fluid power equipment, such as, a steam turbine. More
particularly the present invention relates to a customizable
casing arrangement customized for accommodating a governing
valve or control valve of either single valve design or multi-
valve design into the fluid power equipment, which control flow

of the fluid, such as, steam into the steam turbine.

This patent application claims priority of European patent application
EP 19 177 692.1, the disclosure of which is incorporated herein by

reference.

Fluid power equipment, such as, steam turbines employed in
industrial setups typically, employ valve arrangements, in order
to regulate flow of steam according to load changes or to stop
the flow of steam altogether. Such valve arrangements typically
constitute arrangements controlling an inlet of the industrial
steam via a single governing valve or a series of governing
valves working in concert also known as multi-valve
arrangements. Based on the valve arrangement and an inlet size
of a steam turbine, the casing designs vary. For example, up to
four variants may have to be designed. This leads to a longer
delivery time, a higher inventory cost, a higher pattern cost,

and an increased engineering effort.

US patent 6302644 Bl discloses a steam turbine, a method and a

casting model for achieving a reduction in the casting models
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and the modules, especially for the turbine casings by
maintaining 2 control valves without a control stage and having
a turbine outer casing of substantially identical design to a

steam turbine having a control stage.

US patent 20150252681 Al discloses machineable elements provided
at fabrication stage such that, the construction has an inner
shell and an outer shell and inner shell axial locations are
selectable to be machined to create an exhaust slot for allowing
fluid to exit the inner shell cavity and enter the at least one
closed chamber. Similarly, the outer shell has a second access
region adjacent the closed chamber. The second access region
includes outer shell axial locations selectable to be machined
to create an exhaust opening fluidly connected with the closed

chamber through the outer shell.

DE patent 4425352 Al discloses machineable walls in a
casing/housing with a conductive floor suspension and multiple
extraction ports which are selectively machined such that the
casing can be used for a counter-pressure turbine and a

condensation turbine wvariant.

DE patent 19708273 Cl discloses a casing having a plurality of
chambers, an intermediate wall machineable in accordance with
respective requirements for steam injection or extraction by

machining part of the intermediate wall.

FIG 1 illustrates a sectional view of a single valve arrangement
100 of fluid power equipment (not shown), for example, a steam
turbine, of the state of the art, as mentioned above. The single

valve arrangement 100 of the state of the art, is bulkier



WO 2020/239997 PCT/EP2020/065020

compared to a multi-valve arrangement, as it requires additional
space to accumulate volumetric flow of the steam required by the
turbine. The single valve arrangement 100 comprises wvalves 101A,
101B, and 101C operated manually or pneumatically to manage
different load points by controlling an amount of steam flow
through an inner chamber 102. Moreover, in a single valve
arrangement 100, the steam inlet flow 103 has to be maintained
from one side only, for example, right hand side. This single
valve arrangement 100 suits the customers who generally have a
fixed direction of steam inflow. However, this single valve
arrangement 100 poses limitations for those customers who need
flexibility in the design due to the steam inlet being in the
opposite direction to that of the inlet flow 103 of the single
vale arrangement 100 of the state of the art. This leads to

unnecessary loss of customer orders.

FIG 2 illustrates a sectional view of a multi vale arrangement
200 of a fluid power equipment, that is, a steam turbine, of the
state of the art. The multi-valve arrangement comprises valves
201A-201C operated in concert with one another to control steam
inlet flow in the steam turbine. According to the load control
requirements of a customer, a single valve arrangement shown in
FIG 1 or a multi-valve arrangement shown in FIG 2 is configured

in a steam turbine.

At present, original equipment manufacturers (0OEMs) do not
maintain a significant inventory due to high number of variants
required in the casing design. Typically, inlet casings of
either single valve or multi-valve are procured as per order
entry, from vendors, and then machined in-house or sourced back

to vendors depending on factory loading. Typically, a single
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valve arrangement 1s required for mechanical drive applications
whereas a multi-valve arrangement is required for turbo-
generator set applications. Additionally, a single valve
arrangement is also preferred by customers in low capital
investment market where customers prefer to run the turbine on
single load-point for most parts of the season and will use the
hand-valves when an increased power demand is there for short
term durations during the season. As inlet casings are one of
the longest lead items in an order, their sourcing and machining

results in an increase in overall delivery time of the turbine.

Therefore, it is an object of the present invention to provide a
casing arrangement to be employed, for example, in a fluid power
equipment of the aforementioned kind, wherein the casing
arrangement is simple in design, is cost effective, and is able
to accommodate different variants of the valve arrangements
including single valve and multi-valve arrangements with minimal

alterations.

The casing arrangement disclosed in the present invention
achieves the aforementioned object, in that the casing
arrangement provides for one or more elements to be machined out

easily based on valve arrangement configuration regquirements.

Disclosed herein is a casing arrangement. The casing 1s provided
for a fluid power equipment to control flow of fluid into the
fluid power equipment. As used herein, “fluid power equipment”
refers to turbomachinery, for example, a steam turbine. The term
“casing” refers to an enclosure capable of housing rotors,
blades there-within and controlling flow of the fluid in the

fluid power equipment.
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The casing disclosed herein comprises chambers within the
casing, capable of controlling a fluid flowing through the fluid
power equipment in communication with a valve arrangement,
typically referred to as wvalve-chest. As used herein, “valve
arrangement” refers to control valve arrangement controlling
flow of the fluid through the fluid power equipment, such as, a
steam turbine. According to one aspect, the valve arrangement is
a single valve arrangement having up to three hand valves and a
governing valve or a control valve. The governing valve or the
control valve is actuator driven and each of the hand valves are
operated manually, to control load points in a steam turbine,
that is, flow of the steam. According to another aspect, the
valve arrangement is a multi-valve arrangement having up to
three valves that are operated in concert to control load points
in a steam turbine, that is, flow of the steam and are
controlled by actuators. Advantageously, there are at least five
chambers available in the casing. There may be more than five
chambers based on customization requirements to be made. The
casing also includes machineable elements which when selectively
machined from the casing alter a number of the chambers there-
within resulting in multiple chamber arrangements thereby,
allowing multiple solutions, that is, multiple valve
arrangements to be adapted to, with flexibility. As used herein,
the term “machineable” refers to an arrangement permitting
removal of a material, for example, cutting of a metal. Also
used herein, “elements” refer to one or more parts of the
casing. According to one aspect of the present invention, the
elements comprise, for example, walls such as inner walls, outer
walls, partitioning walls that form chambers within the casing.

According to another aspect of the present invention, the
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elements also include physical dimensions of the walls such as a
thickness of a wall, a height of the wall, etc. According to yet
another aspect of the present invention, the elements also
include holes punched through the walls of the casing for
establishing fluid communication between a space enclosed within
a chamber of the casing and a space outside the chamber, that
is, in the remainder of the casing in a downstream direction of
the fluid flow. The machineable walls when machined decrease the
number of chambers within the casing. Advantageously, the
machineable elements are selectively machined from the casing
based on a valve arrangement to be accommodated in the fluid
power equipment, based on application requirements.
Advantageously, the number of chambers can vary from about three
to at least five depending on the amount of flow which needs to
be admitted in the turbine or the type of valve control
required. For example, when four valves including three hand
valves and a governing valve of a single valve arrangement is to
be accommodated in the fluid power equipment, the machineable
elements are machined so as to form four chambers. Similarly,
when three valves of a multi-valve arrangement are to be
accommodated in the fluid power equipment, the machineable
elements are machined so as to form three chambers in the
casing. Similarly, in cases of a low steam volume requirement,
only an upper half of the casing can be used. In this scenario,
the casing has six chambers by default. Without machining any
machineable elements, the casing’s upper half can be used for a
single valve arrangement having four valves. With machining only
one of the machineable elements, the casing’s upper half can be
used for a multi-valve arrangement having three valves. Thus,
the casing i1s configurable to suit multiple load point

requirements of a fluid power equipment.
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According to one aspect of the invention, by default, the casing
provided contains at least one hole and at least five chambers.
The chambers are configured to be reduced in number by machining
one or more elements of the casing thereby, combining the
chambers, based on the valve arrangement to be accommodated in

the fluid power equipment.

Advantageously, based on the number of chambers formed post
machining of the elements, holes are machined, that is, punched
through a top wall of the casing such that the total number of
holes is equal to the number of valves for the valve arrangement
being accommodated. The valves are then assembled through these

holes.

Advantageously, one or more physical dimensions of the
machineable elements of the casing 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 fluid, a velocity of
the fluid, a temperature of the fluid, a volumetric flow of the

fluid, etc.

Typically, steam in the chambers that are in fluid communication
with the valve arrangement, designated as valve-chest, will be
used to feed the steam in the downstream section of the casing
through a control section, for example, a nozzle-plate. An
amount of steam to be admitted in a turbine is an outcome of a
thermodynamic behavior of the turbine which is governed by steam
characteristics comprising, for example, a steam velocity, a

steam pressure, a steam temperature, etc. According to yet
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another aspect of invention, the casing disclosed herein allows
accommodation of nozzles in the nozzle-plate to be positioned
anywhere along a diameter of the chambers in the valve-chest.
Advantageously, the design of the casing with its chambers and
flexible control section geometry achieved via the nozzle plate
positioning provides freedom of configuring an optimized turbine
using a single common casing and eliminating the need to have
separate variants to handle different thermodynamic load cases

based on application requirements.

The casing disclosed herein comprises an inflow member in fluid
communication with one or more of the chambers and configurable
to receive a fluid inflow into the casing. Advantageously, the
inflow member is positioned so as to lead the fluid inflow into
the chamber stretching across upper and lower halves of the
casing. Advantageously, the casing disclosed herein is
configurable to receive fluid inflow at least from each of
opposing sides of the casing thereby, being effectively suited
for a variety of customer requirements and installations. The
casing when configured for a single valve arrangement can
receive steam inlet flow from a bottom right side of the casing
via the inflow member, a top right side of the casing, or a top
left side of the casing. The casing when configured for a multi-
valve arrangement can receive steam inlet flow from a top right

side of the casing or a top left side of the casing.

Thus, the casing disclosed herein enables significant reduction
in inventory management time and effort because by procuring a

single casing the requirements of single and multi-valve
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arrangements can be easily accommodated. This also leads to
reduction in overall turbine costs and delivery time required
per order. Moreover, flexibility of incorporating steam inlet
entry for single valve arrangement from top left, from top
right, or from bottom left increases customer base that can be

catered to with minimal changes in the casing.

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.

The present invention is further described hereinafter with
reference to illustrated embodiments shown in the accompanying

drawings, in which:

FIG 1 illustrates a sectional view of a single valve
arrangement of fluid power equipment, for example, a

steam turbine, of the state of the art.

FIG 2 illustrates a sectional view of a multi wvale
arrangement of a fluid power equipment, that is, a

steam turbine, of the state of the art.

FIGS 3A-3C illustrate sectional perspective views of a casing
having machineable walls, according to an embodiment

of the present invention.

FIG 4 illustrates a sectional elevation view of the casing

shown in FIG 3B accommodating a single valve
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arrangement, according to an embodiment of the

present invention.

FIG 5 illustrates a sectional elevation view of the casing
shown in FIG 3C accommodating a multi-valve
arrangement, according to an embodiment of the

present invention.

FIG 6A-6E illustrate various steam inlet flow arrangements

achieved using the casing shown in FIGS 3A-3C.

Various embodiments are described with reference to the
drawings, wherein like reference numerals are used to refer to
like elements throughout. In the following description, for the
purpose of explanation, numerous specific details are set forth
in order to provide thorough understanding of one or more
embodiments. It may be evident that such embodiments may be

practiced without these specific details.

FIGS 3A-3C illustrate sectional perspective views of a casing
300 having machineable walls 303 and 304, according to an

embodiment of the present invention.

FIG 3A illustrates a casing 300 configurable based on a single
or a multi-valve arrangement to be accommodated in a fluid power
equipment for which the casing is to be used. The casing 300 is
provided by default and comprises about five chambers C1-C5. The
chambers C1-C5 are configured to be reduced in number by
machining one or more walls 303, 304, 305, etc., along
orthogonal axes A-A’ and B-B’ passing centrally through the

casing 300 thereby, combining one or more of the chambers C1-C5,
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based on the valve arrangement to be accommodated. The chambers
Cl and C2 have a machineable wall 303 there-between. The
chambers C3 and C4 have a machineable wall 305 there-between.
The chambers C4 and C5 have a machineable wall 304 there-
between. The chambers Cl, C2, and C3 are positioned entirely in
an upper half H1 of the casing 300. The chamber C4 is positioned
entirely in a lower half H2 of the casing 300. The chamber C5 is
positioned so as to stretch through the upper half H1 and the
lower half H2 of the casing 300. The casing 300 may also have
one or more holes 306 by default providing a fluid communication
passage into the chambers C3 and/or C5. The casing 300 comprises
an inflow member 307 in fluid communication with the chamber Cb.
The inflow member 307 is positioned in the lower half H2 to

allow fluid inlet from bottom right of the casing 300.

Alternatively, the casing 300 may comprise a sixth chamber C6
(not shown) formed by splitting the chamber C5 into two chambers
by having a machineable wall (not shown) positioned along the
horizontal axis A-A’ corresponding to the position of the
machineable wall 305. This arrangement allows the casing 300 to
suit applications having a requirement for a low steam volume
wherein, the chambers Cl, C2, C3, and the sixth chamber (not
shown) formed by splitting the chamber C5, that are lying in the
upper half H1 of the casing 300 are put to use. The lower half
H2 of the casing 300 remains unused. In this arrangement, the
machineable wall 303 can be machined from the casing 300 based

on the valve arrangement to be accommodated.

FIG 3B illustrates a casing 300 configured to accommodate a
single valve arrangement. Therefore, the wall 304 shown in FIG

3A is machined out from the casing 300 thereby, creating
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chambers 300A, 300B, 300C, and 300D in the casing 300. The
chambers 300A, 300B, and 300C each accommodate a hand wvalve of
the single valve arrangement therein for controlling the load
points during operation of a steam turbine in which the casing
300 is to be used. The chamber 300D accommodates a governing
valve (not shown) therein inserted into the casing 300 which is
mounted at an inlet flange (not shown) of the casing 300. One of
the hand valves is inserted through the other hole 306 so as to
be in fluid communication with the chamber 300C. Additiocnal
holes 301 are also machined from the casing 300 through which
the hand valves are then inserted and installed in the casing
300 so as to be in fluid communication with the chambers 300A

and 300B.

FIG 3C illustrates a casing 300 configured to accommodate a
multi-valve arrangement. Therefore, the walls 303 and 305 are
machined out from the casing 300 thereby creating chambers 300E,
300F, and 300G in the casing 300. The chambers 300E, 300F, and
300G each accommodate a valve of the multi-valve arrangement
therein for controlling the load points during operation of a
steam turbine in which the casing 300 is to be used. A first
valve and a third valve of the multi-valve arrangement are
inserted into the casing 300 through holes 306 so as to be in
fluid communication with the chambers 300E and 300F
respectively. A hole 302 is machined from the casing 300 so as
to provide fluid communication between a second valve of the

multi-valve arrangement and the chamber 300G.

FIG 4 illustrates a sectional elevation view of the casing 300
shown in FIG 3B accommodating a single valve arrangement 400,

according to an embodiment of the present invention. The casing
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300 post machining has chambers 300A, 300B, 300C, and 300D. The
hand valves 401 of the single valve arrangement 400 are each in
fluid communication with the space defined by inner walls of the
chambers 300A, 300B, and 300C respectively. Similarly, a
governing valve (not shown) is in fluid communication with the

space defined by inner walls of the chamber 300D.

FIG 5 illustrates a sectional elevation view of the casing 300
shown in FIG 3C accommodating a multi-valve arrangement 500,
according to an embodiment of the present invention. The casing
300 post machining has chambers 300E, 300F, and 300G. The wvalves
501 of the multi-valve arrangement 500 are each in fluid
communication with the space defined by inner walls of the

chambers 300E, 300F, and 300G respectively.

FIG 6A-6E illustrate various steam inlet flow arrangements
achieved using the casing 300 shown in FIGS 3A-3C. FIGS 6A-6D
illustrate the casing 300 machined to suit a single valve

arrangement 400 shown in FIG 4.

As shown in FIG 6A, the casing 300 allows entry of the steam
from bottom right side 300J of the casing 300 allowing about 65%
of the steam in the chamber 300D, 10% of the steam in each of
the chambers 300A and 300B shown in FIG 3B, and 15% of the steam
in the chamber 300C shown in FIG 3B upon operation of the hand

valves 401 shown in FIG 4.

As shown in FIG 6B, the casing 300 allows entry of the steam
from top right side 300I of the casing 300 allowing about 65% of
the steam in the chamber 300D, 10% of the steam in each of the
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chambers 300A and 300B, and 15% of the steam in the chamber 300C

upon operation of the hand valves 401.

As shown in FIG 6C, the casing 300 is machined so as to allow
entry of the steam from bottom right side 300J of the casing 300
thereby, allowing 100% steam to enter into the chamber 300D
further being split into about 50% in each of the two halves
within the chamber 300D i.e. upper half and lower half. Out of
which, 10% of the steam enters the chamber 300B from the chamber
300C which is in communication with the chamber 300D through
hand-valve 401. Also, 10% of the steam enters the chamber 300A
upon operation of the hand valves 401. In this arrangement, one
or more machineable elements, such as the machineable walls 304
and 305, of the casing 300 between the chambers 300D and 300C
are machined to allow the chambers 300D and 300C to be in fluid
communication with one another. Advantageously, for this
embodiment of the casing 300 shown in FIG 6C, the single valve
arrangement 400 works with three chambers 300A, 300B, and the
chamber formed by combining the chambers 300C and 300D.

As shown in FIG 6D, the casing 300 is machined so as to allow
entry of the steam from top right side 300I of the casing 300
thereby, allowing 40% of the steam to enter into the chamber
300D, 10% of the steam into the chamber 300A, 10% of the steam
into the chamber 300B, and 40% of the steam into chamber 300C
upon operation of the hand valves 401. In this arrangement, one
or more machineable elements of the casing 300 between the
chambers 300D and 300C are machined so as to allow approximately

equal area within the chambers 300C and 300D.
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FIGS 6E illustrates the casing 300 machined to suit a multi-
valve arrangement 500 shown in FIG 5. As shown in FIG 6E, the
casing 300 is machined so as to allow entry of the steam from
top right side 300I of the casing 300 allowing 40% of the steam
to flow into the chamber 300F, 20% of the steam to flow into the
chamber 300G and 40% of the steam to flow into the chamber 300E

upon operation of the wvalves 501.

The casing 300 shown in FIGS 6A-6E can be machined to accept the
steam flow entry thorough the top left side 300H of the casing
300 for both single valve arrangement 400 as well as multi-valve

arrangement 500.

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 disclosed 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
limitation. Further, although the invention has been described
herein with reference to particular means, materials, 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.
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Claims

1. A casing (300) for an inlet section of a steam turbine, the
casing (300) comprising and characterized by:

- a plurality of chambers (Cl1-C5) inside the casing (300)
capable of controlling a fluid flowing through the steam
turbine in communication with a valve arrangement (400,
500); and

- machineable elements (301, 302, 303, 304, 305) configured
to enable accommodation of one or more variants of valve
arrangements (400, 500) in the casing (300), wherein the
machineable elements (301, 302, 303, 304, 305) when
selectively machined from the casing (300) decrease the

chambers (C1-C5) there-within.

2. The casing (300) according to the claim 1, wherein the
plurality of chambers (Cl1-Cb) comprise at least five chambers

(C1-CH).

3. The casing (300) according to the claim 1, wherein the wvalve
arrangement (400, 500) comprises one of a single valve

arrangement (400) and a multi-valve arrangement (500).

4. The casing (300) according to the claim 3, wherein
accommodating a single valve arrangement (400) requires
machining of the machineable elements (301, 302, 303, 304, 305)
so as to form four chambers (300A-300D).

5. The casing (300) according to the claim 3, wherein
accommodating a multi-valve arrangement (500) requires machining
of the machineable elements (301, 302, 303, 304, 305) so as to
form three chambers (300F-300E).
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6. The casing (300) according to any one the previous claims,
wherein one or more physical dimensions of the machineable
elements (301, 302, 303, 304, 305) are configured based on one
or more fluid dynamics parameters associated with a fluid used
in the steam turbine, wherein the fluid dynamics parameters
comprise one or more of a pressure of the fluid, a velocity of
the fluid, a temperature of the fluid, and a volumetric flow of

the fluid.

7. The casing (300) according to any one of the previous claims,
wherein the machineable elements (306A) are configured to enable
fluid inflow from each of opposing sides (300H, 300I) of the
casing (300), wherein the machineable elements (306A) when
selectively machined from the casing (300) open the sides (300H,

300I) of the casing (300).
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