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Title of Invention

Multifrequency control stage for improved dampening of excitation factors

Detailed Explanation of the Invention

FIELD OF THE INVENTION

The invention relates to steam turbines. More specifically the invention relates

to steam turbine control stage arrangements.

BACKGROUND

An efficient means of throttling the power output of a multi-stage steam turbine
system is by means of a divided steam feed system in which the steam enters the
turbine inlet via numerous isolatable and individually controllable arcs of admission.
In this method, known as partial arc admission, the number of active first stage
nozzles is varied in response to load changes. However, partial arc admission
systems in the past have been known to have certain disadvantages, which fimit the
efficiency of work output across the control stage. Some of these limitations are due
to unavoidable mechanical constraints, such as, for example, an unavoidable amount
of windage and turbulence, which occurs as rotating blades pass nozzle groups that
are not discharging steam. This results in mechanical excitation of the blades, which
is particularly a problem for the first blade rows that follow the control stage. A
solution to this problem is to increase the distance between the arcs of admission
and the rotating blades so by providing increased volume for mixing and thus more
even flow distribution to the blades. However this solution increases overall turbine
tength, which is undesirable.

Another solution that reduces the effect of mechanical excitation of the airfoils
and enabling the shortening of the mixing section of the turbine is to make blades
and nozzles stiffer. However, such an approach is contradictory to the demand of

increased efficiency as stiffer blades generally reduce performance.

US Pat No. 4,780,057 A1 provides an alternate solution where the partial arc
admission system comprises suitably arranged control stage nozzles with variable
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aspect ratio wherein the variable aspect ratio improves steam distribution. US Pat No.
5.080.558 A1 provides yet another solution utilising variably dimensioned control

nozzies.

Such arrangements do not however eliminate the problem thus there is a need

for other solutions.

SUMMARY OF THE INVENTION

The invention provides an alternate solution to the problems caused by lack of
circumferential steam distribution uniformity in the control stage of a partial arc

admission system.

This problem is solved by means of the subject matters of the independent

claims. Advantageous embodiments are given in the dependent claims.

The invention is based on the general idea of providing multiple arcs of
admission for each nozzie chamber of a turbine and advantageously arranging and

sizing the arcs.

It has been found that up to the point of even circumferential flow when the
turbine is fully loaded, the higher the frequency of excitation generated by a control
stage the more efficient the mixing in the mixing chamber hence leading too reduced
cyclical stressing of the standard blades. This observation has been utilized in one
aspect of the invention that provides a control stage for a steam turbine, wherein the
control stage comprises: a plurality of staging valves circumferentially distributed
around the turbine for regulating steam admission flow so as to control the loading of
the turbine; nozzle chambers connected to a downstream end of each staging valve;
an arc of admission forming the downstream portion of each nozzle chamber; and
control stage nozzles in the arcs of admission defining the downstream end of the
nozzle chamber wherein the control stage is characterized by each nozzle chamber

having at least two arcs of admission each with a different circumferential dimensions,

Another aspect provides a control stage wherein each arc of admission is

circumferentially interspersed by the arcs of admission of another nozzle chamber
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thus providing improved steam circumferential feed uniformity and a higher feed
harmonic. The contro! stage may preferably comprise four staging valves wherein
each nozzle chamber has two arcs of admission arranged and configured such that
when two circumferentially diagonally opposite staging valves are open the arcs of
admission corresponding to the open staging valves are interspersed by arcs of
admission corresponding to closed staging valves. so by exciting the 2™ harmonic,
When the turbine is further loaded by the opening of yet another control valve the
excitation occurs between the 2™ and 3™ harmonic providing a significantly improved
dampening effect. The improved dampening effect from this arrangement can be
beneficially utilised to either reduce the mechanical stress differential on standard
blades by ensuring a more even steam flow passing from the mixing chamber or
otherwise enabling the shortening of the mixing chamber so by making it possible to
increase the number of fitted standard blades thereby increasing the overall machine
efficiency for a given machine rotor length. Further this benefit can be achieved
without increasing the number of control valves that would be a costly complex

alternative.

By unbalancing steam addition through different arcs of admission it was
found that further improvement in the stress loading on standard blades can be
achieved. This effect is provided by another aspect of the invention that provides at
least one nozzle chamber configured to ensure that in operation the feed density

through the arcs of admission of that nozzle chamber differ.

The actual amount of imbalance is dependent on design and performance
requirements of a given machine taking into account reduce machine efficiency that

may result from such imbalance.

Other objectives and advantages of the present invention will become
apparent from the following description, taken in connection with the accompanying
drawings wherein by way of illustration and example, an embodiment of the invention
is disclosed.

By way of example, an embodiment of the invention is described more fully

hereinafter with reference to the accompanying drawings,
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Brief Explanation of the Drawings

FiG. 1 is a side sectional view of a steam turbine with a control stage.

FIG. 2 is a cross sectional end view of the steam turbine control stage through -1l of
FIG. 1, showing a partial arc admission control stage according to a preferred

embodiment of the invention.

FiG. 3 is a detailed view of a nozzle chamber of FIG. 2.

DETAILED DESCRIPTION OF THE INVENTION

Preferred embodiments of the present invention are now described with
reference to the drawings, wherein like reference numerals are used to refer to like
elements throughout. In the following description, for purposes of explanation,
numerous specific details are set forth in order to provide a thorough understanding
of the invention. It may be evident, however, that the invention may be practiced
without these specific details. Throughout this specification the circumferential
reference refers to an arc that has a constant perpendicular distance from the turbine

longitudinal axis.

FIG. 1 shows a side view of a steam turbine with a control stage 10 configured
with a partial arc admission system. The control stage 10 comprises a staging valve
12, shown in FIG. 2 for controlling the loading of the steam turbine. Connected
downstream of the staging valve 12 is a nozzle chamber 14. The downstream portion
of the nozzle chamber 14 comprises an arc of admission 16 that has control stage
nozzles 18 at its downstream end. The contro! stage nozzles 18 direct steam into
rotating control stage blades 19 that are mounted on a rotor 25 and robustly
configured to withstand the variable steam distribution from the control stage nozzles
18 when the turbine is partially loaded. To further reduce the stress on standard
blades 30 located downstream of control blades 19, the control blades 19 are
configured so that the majority of turbine pressure loss occurs across them. To yet
further reduce standard blade 30 stresses a mixing chamber 20 is provided between
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the standard blades 30 and control stage blades 19. This mixing chamber 20 is
configured to provide the volume required to ensure circumferential mixing of the
stearm. The length 22 of the mixing chamber 20 is defined as the distance between
the downstream end of the control stage blades 19 and the upstream edge of the first
standard blade 30.

FIG 2 shows details of a preferred embodiment of the invention wherein the
control stage comprises four staging valves 10 each connected to a nozzle chamber
14 having a downstream portion configured to provide arcs of admission 16. Each
nozzie chamber 14 has two arcs of admission 16 wherein the arcs of admission 16 of
each nozzle chamber 14 are interspersed with arcs of admission 16 of other nozzle
chambers 14. In this arrangement, if two diagonally opposite staging valves 12 are
opened the arcs of admission 16, forming the end portions of the nozzle chambers
14 of these open staging valves, are interspersed by an arc of admission 16 of
nozzle chambers 14 which have closed staging valves 12.

FIG 3 shows details of a nozzle chamber 14 of an exemplary embodiment that
contains several features that provide advantageous unbalancing of circumferential
steam distribution. As shown, the circumferential dimensions L1, L2 of the two arcs of
admission 16 is different. Further unbalancing is achieved through the sizing and
shaping of branches 15 of the nozzle chambers 14 combined with the design of the
arc of admission 16, wherein the branches 15 split the steam flow of the nozzle
chambers 14 and direct the split flow to the arcs of admission 16. In an exemplary
embodiment a nozzle chamber 14 is configured through size and shape, to provide
different resistance to flow to each arc of admission 16. This results in a variable feed

density that creates an imbalance that further reduces blade stress.

Aithough the invention has been herein shown and described in what is
conceived to be the most practical and preferred embodiment, it is recognized that
departures can be made within the scope of the invention, which is not to be limited
to details described herein but is to be accorded the full scope of the appended
claims so as to embrace any and all equivalent devices and apparatus. For example

while an embodiment of the invention has been describe with reference to a single
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sided steam turbine the invention could equally be applied to a two-sided steam
turbine. Yet further, the invention could also be applied to other arrangements having
a different number of staging valves 12 and arcs of admission 16 from that

exemplified.

REFERENCE NUMBERS

10 Control stage

12 Staging vaive

14 Nozzle chamber

15 Nozzle chamber branches
16 Arcs of admission

18 Control stage nozzle
19 Control stage blade

20 Mixing chamber

22 Mixing chamber length
25 Rotor

30 Standard blades

A Machine axis

L1, L2 Circumferential dimension of an arc of admission
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Claims

1. A control stage (10) for a steam turbine, wherein the control stage (10) comprises:

a plurality of staging valves (12) circumferentially distributed around said
turbine for regulating steam admission flow so as to control the loading of said
turbine;

nozzle chambers (14) connected to a downstream end of each staging valve
(12);

at least two arcs of admission (16) forming downstream portions of the nozzle
chamber (14); and

a plurality of control stage nozzles (18) in said arcs of admission (16) at the
downstream end of said nozzle chamber (14),
the control stage (10) characterized by the downstream end of the arcs of admission
(168) of each nozzle chamber (14) each having a circumferential dimension (L1, L2)
that is different.

2. The control stage of claim 1 wherein each arc of admission (16) is circumferentially
interspersed by said arcs of admission (16) of another said nozzle chamber (14).

3. The control stage (10) of claim 2 comprising four staging valves (12) wherein each
nozzle chamber has two arcs of admission (16) arranged and configured such that
when two circumnferentially diagonally opposite staging valves (12) are open the arcs
of admission (16) corresponding to said open staging valves (12) are interspersed by
arcs of admission (18) corresponding to closed staging valves (12).

4. The control stage of claim 1 wherein at least one nozzle chamber (30) is
configured to provide different resistance to flow through each of its arcs of admission
(16).
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Abstract

Provided is a control stage (10) for a steam turbine. The control stage (10)
comprises: a plurality of staging valves (12) circumferentially distributed around the
turbine for regulating steam admission flow so as to control the loading of the turbine;
nozzle chambers (14) connected to a downstream end of each staging valve (12); an
arc of admission (186) forming the downstream portion of each nozzie chamber (14);
and control stage nozzles (18) in the arcs of admission (16) defining the downstream
end of the nozzle chamber (14). The control stage (10) is characterized by each
nozzle chamber having at least two arcs of admission, each with a different
circumferential dimension. The arrangement improves steam flow distribution to

downstream blades (30).

Fig 2

FIG. 1
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