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(54) System for reducing the start-up time of a steam turbine

(57) A steam turbine includes a rotor core assembly
(1), which includes a rotor core(2) extending in a longi-
tudinal direction and one or more extended portions (3)
coupled to the rotor core (2), extends the rotor core in a
radial direction. The steam turbine further includes one
or more thermal exchange channels (4) located on the
one or more extended portions (3). The thermal ex-

change channel is capable of having thermal communi-
cation between the rotor core (2) and a steam surround-
ing the rotor core, thereby expediting the heating of the
rotor core (2). In a variation of the invention, the one or
more thermal exchange channels (4) may be intercon-
nected through an interconnection channel (6) in order
to drain accumulated moisture.
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Description

[0001] The method and system relates to reducing
start-up time of a steam turbine, by enabling faster heat-
ing of the turbine rotor during start-up.
[0002] The rotor of the steam turbine is subjected to
high temperature during operation. However, during
start-up the rotor of the steam turbine will be at a much
lower temperature than that of the steam. However, if
such high temperature steam is introduced during the
start-up of steam turbine, the rotor may experience a ther-
mal shock, due to the temperature gradient existing be-
tween the outer surface (hot) and the inner core (cold)
of rotor. Generally, the components such as rotor of the
steam turbine are pre-heated to certain temperature be-
fore starting the normal operation of the turbine. The tur-
bine is started up according to predefined start-up curves
where the components such as rotors and valves are
gradually preheated. Preheating of the rotor reduces the
thermal stress experienced and increases the life of the
rotor. But the pre-heating cycles are generally time con-
suming and non-productive.
[0003] Currently, various methods are used to preheat
the rotor of the turbine during startup. For example, struc-
tural modifications are used to prevent the rotor from ex-
periencing thermal shock. The rotor is designed to having
a smaller cross section. In some cases, the rotor is ro-
tated at a pre-defined low speed to uniformly pre-heat
the rotor. In some instances, the rotor is kept warm during
standstill by using heating means, which is very costly.
[0004] Further, the existing methods for preheating the
rotor are either time consuming or economically unviable.
The start-up time for a turbine is crucial for a customer
as it is non-productive. The start-up time is critical for
small turbines used in industrial or solar applications
where daily start-up and shutdown is a norm. Therefore,
the start-up time must be reduced for increasing the pro-
ductivity of the turbine and decreasing the idle time.
[0005] Therefore, it is an object of the invention to re-
duce the start-up time for a turbine. It is also the object
of the invention to provide a cost effective solution for
minimizing the start-up time by expediting the heating of
the rotor assembly.
[0006] The invention solves the object by providing a
steam turbine comprising a rotor assembly having a rotor
core extending in a longitudinal direction and one or more
extended portions coupled to the rotor core and extend-
ing the rotor core in a radial direction. The steam turbine
includes at least one thermal exchange channel located
on the one or more extended portions, wherein the ther-
mal exchange channel is capable of having thermal com-
munication between the rotor core and a steam surround-
ing the rotor core. The rotor core is a solid metal part
which extends longitudinally and has blades attached to
it. The rotor core has protrusions or extensions at many
places for structural reasons. The portions of the rotor
core with protrusions require a relatively large amount of
time to get heated during start-up cycle. The thermal ex-

change channels provide additional surface area for ther-
mal exchange between the steam and the rotor core.
During the preheating cycle, the thermal exchange chan-
nels exposes additional area to the surrounding steam
for better heat exchange. Further, the preheating cycle
or start-up cycle time is reduced by the aforementioned
enhancement.
[0007] According to an embodiment of the invention,
the rotor core has a first diameter and the one or more
extended portions have a second diameter. The rotor
core is cylindrical in shape and extends longitudinally.
The rotor core has a first diameter along the longitudinal
axis. The one or more extended portions along the lon-
gitudinal axis have a second diameter.
[0008] According to another embodiment of the inven-
tion, the second diameter (of the extended portions) is
greater than the first diameter (of the rotor core). The
extended portions at certain locations on the rotor core
extend the rotor core in the radial direction. Therefore,
the extended portions have a cross sectional diameter
greater than that of the t rotor core.
[0009] According to yet another embodiment of the in-
vention, the at least one thermal exchange channel is a
tubular bore. The thermal exchange channel can be for
example, straight or contoured. In some cases, the ther-
mal exchange channel may be fabricated to have an ’L’
shape or a ’U’ shape, in the extended portions of the rotor
core. Further, the thermal exchange channel may have
any orientation and cross section in order to increase the
thermal exchange.
[0010] In an embodiment of the invention, a plurality
thermal exchange channel is interconnected. The ther-
mal exchange channels are interconnected to form a net-
work. For example, the thermal exchange channels can
be fabricated to be connected to each other in the ex-
tended portion and not extending to the first diameter of
the rotor core. The interconnection of thermal exchange
channels enables efficient thermal communication be-
tween the surround steam and the rotor core.
[0011] In another embodiment, the interconnection of
the plurality of thermal exchange channel provides a
draining mechanism to drain condensed steam. The in-
terconnection of the plurality of thermal exchange chan-
nel prevents the accumulation of water in the thermal
exchange channel, thus preventing formation of rust.
[0012] In yet another embodiment, the draining mech-
anism includes at least one of a slanted thermal ex-
change channel. In this case, the thermal exchange
channel is slanted to enable the accumulated water to
drain from the rotor core.
[0013] In a further embodiment of the invention, the
rotor core is enclosed by an outer casing. The steam may
be released within the outer casing during start-up cycle.
The steam released during the start-up cycle is at a rel-
atively lower temperature than the steam used during
normal operation of the turbine. The steam released dur-
ing the start-up cycle is at a higher temperature than the
rotor core thereby creating a thermal gradient.
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[0014] The figures illustrate in a schematic manner fur-
ther examples of the embodiments of the invention, in
which:

FIG 1 illustrates an exemplary rotor core assembly
of a turbine, according to a state of the art;

FIG 2A illustrates a perspective view of the rotor core
assembly with thermal exchange channels, in
accordance with the invention;

FIG 2B illustrates a cross sectional view of the rotor
core assembly with thermal exchange chan-
nels, in accordance with the invention;

FIG 3A illustrates a perspective view of the rotor core
assembly with ’L’ shaped thermal exchange
channels, in accordance with the invention;

FIG 3B illustrates a cross sectional view of the rotor
core with ’L’ shaped thermal exchange chan-
nels, in accordance with the invention;

FIG 4A illustrates a perspective view of the rotor core
assembly with ’U’ shaped thermal exchange
channels, in accordance with the invention;

FIG 4B illustrates a cross sectional view of the rotor
core with ’U’ shaped thermal exchange chan-
nels 4, in accordance with the invention;

FIG 5A illustrates a perspective view of the rotor core
assembly with slanted thermal exchange
channels, in accordance with an embodiment
of the invention;

FIG 5B illustrates a cross sectional view of the rotor
core assembly with slanted thermal exchange
channels 4, in accordance with an embodi-
ment of the invention;

FIG 6A illustrates a perspective sectional view of the
rotor core assembly with interconnected ther-
mal exchange channels, in accordance with
the invention; and

FIG 6B illustrates a cross sectional view of the rotor
core with interconnected thermal exchange
channels, in accordance with the invention.

[0015] Turbines are used in the industry mainly to gen-
erate power. The turbines may include, for example, a
steam turbine and a steam turbine. The turbines normally
include a rotor core to which blades are attached. During
operation the rotor core rotates due to the impingement
of pressurized fluids, thereby generating energy. FIG 1
illustrates an exemplary rotor core assembly 1 according
to a state of the art. As shown in FIG 1, the rotor core 2

is cylindrical and extends longitudinally within an outer
casing of the turbine (not shown in Figures). There rotor
core may have a diameter d1. Along the rotor core 2,
there may be one or more extended portions, such as
extended portions 3, which radially extend the rotor core
2. The diameter at the extended portions 3 may be d2,
where d2 is greater than the diameter d1 of the rotor core
2. The thickness of the metal increases at the regions on
the rotor core where one or more extended portions, such
as extended portions 3, are located. For example, re-
gions such as balance pistons located on the rotor core.
The rotor core 2 is generally made up of high strength
alloys or super alloys such as nickel and ferrous based
alloys. Before the turbine is operated at normal levels,
the rotor assembly needs to be pre-heated to avoid ther-
mal shock. When the turbine is to be operated, a start-
up cycle is initiated wherein the rotor is rotated at a low
speed and steam at a relatively lower temperature is in-
troduced into the outer casing. The start-up cycle is per-
formed to prevent the components of the turbine from
experiencing thermal shock in case a high temperature
steam is suddenly introduced into the casing. During
start-up cycle, thermal exchange takes place between
the rotor core and the steam. The rotor core which is at
a lower temperature than the steam slowly begins to heat
up. The time taken for the rotor core and the associated
components to heat depends upon the capacity of the
turbine. The time taken for the completion of the start-up
cycle may range between 2-3 hours in some cases. The
start-up cycle is unproductive and affects the customers
who need to run the start-up cycle on a daily basis.
[0016] FIG 2A illustrates a perspective view of the rotor
core assembly with thermal exchange channels, in ac-
cordance with the invention. The extended portions 3 of
the rotor core assembly 1 are provided with one or more
thermal exchange channels 4 for expediting the heating
of the rotor core. The thermal exchange channels 4 ex-
poses additional area for the steam for efficient thermal
communication. The steam which is at a higher temper-
ature than the rotor core interacts with the surface of the
thermal exchange channels 4 and heats the rotor core.
Therefore, the heating of the rotor core takes lesser time
to heat up as compared with the heating time of the rotor
core assembly 1 without the thermal exchange channels
4. The thermal exchange channels 4 can have varying
depth and diameter based on the location on the rotor
core. For example, the depth and diameter of the thermal
exchange channels 4 are based on a location such as,
axial sections, exhaust and balance piston. In general,
bigger thermal exchange channels 4 are preferred for
better thermal interaction, provided the sizes of the ther-
mal exchange channels 4 meet other requirements such
as, strength and rotor dynamics, which varies according
to the design. FIG 2A illustrates the thermal exchange
channels 4 which are generated by boring the extended
portions 3 of the rotor core assembly 1. The thermal ex-
change channels 4 in FIG 2A are horizontal in orientation
and a spaced apart on the periphery of the extended
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portion 2. FIG 2B illustrates a cross sectional view of the
rotor core assembly with the thermal exchange channels,
in accordance with the invention. In fig 2B, we can see
that the thermal exchange channels 4 extend into the
extended portion 3 of the rotor core assembly but do not
penetrate completely. The thermal exchange channels
4 allow the steam, released during the start-up cycle to
interact with the rotor core and expedite the heating up
of the rotor core assembly 1.
[0017] FIG 3A illustrates a perspective view of the rotor
core assembly with ’L’ shaped thermal exchange chan-
nels, in accordance with the invention. In this embodi-
ment, the thermal exchange channels are longer and ex-
tend deeper into the rotor core. In this case, the steam
enters into the thermal exchange channels 4 and heats
the rotor core. FIG 3B illustrates a cross sectional view
of the rotor core with ’L’ shaped thermal exchange chan-
nels, in accordance with the invention. In FIG 2B, it can
be seen that the thermal exchange channels 4 extend
deep into the extended portion of the rotor core 2 and
expedite the heating of the rotor core.
[0018] FIG 4A illustrates a perspective view of the rotor
core assembly with ’U’ shaped thermal exchange chan-
nels, in accordance with the invention. In this embodi-
ment, the thermal exchange channels 4 are longer than
the ’L’ shaped thermal exchange channels, thereby ex-
posing more area for thermal exchange. Thus, there is
faster heat transfer between the surrounding steam and
the rotor core 2, resulting in reduced start-up time. FIG
4B illustrates a cross sectional view of the rotor core with
’U’ shaped thermal exchange channels 4, in accordance
with the invention.
[0019] FIG 5A illustrates a perspective view of the rotor
core assembly with slanted thermal exchange channels
4, in accordance with an embodiment of the invention.
The slanted thermal exchange channels 4 facilitate in
draining condensed steam which might get accumulated
in the thermal exchange channels 4. FIG 5B illustrates a
cross sectional view of the rotor core assembly with the
slanted thermal exchange channels 4, in accordance with
the invention. In FIG 5B, it can be observed that due to
the slanted thermal exchange channels 4 any condensed
steam accumulated in the thermal exchange channels 4
are drained.
[0020] FIG 6A illustrates a perspective view of the rotor
core assembly with interconnected thermal exchange
channels, in accordance with the invention. The thermal
exchange channels 6 are parallel to the plane of the ex-
tended portion of the rotor core. FIG 6B illustrates a cross
sectional view of the rotor core with interconnected ther-
mal exchange channels, in accordance with the inven-
tion. The interconnection channel 6 connecting the ther-
mal exchange channels 4 forms a draining mechanism
to drain condensed steam. Further, the inner end of the
thermal exchange channels 4 are connected to each oth-
er by an interconnection channel 6, as shown in FIG 6B.
Such an arrangement facilitates in draining any con-
densed steam within the thermal exchange channels 4.

The steam accumulated in the thermal exchange chan-
nels 4 may condense when the rotor core is decelerating.
The steam condensed in the thermal exchange channels
4 at the upper half of the rotor core is drained through
one of the thermal exchange channels 4 in the lower half
of the rotor core 2. The thermal exchange channels 4
with interconnection thus prevent rusting of the metal in
the rotor core assembly due to accumulation of moisture.
[0021] According to the foregoing embodiments, the
thermal exchange channels reduce the start-up time of
a turbine by expediting the pre-heating process. The ther-
mal exchange channels expose additional surface of the
rotor core to the surrounding steam in order to heat up
the rotor core faster. The thermal exchange channels
result in lesser downtime for the customers. Further, the
thermal exchange channels can be used for rotor bal-
ancing. Balancing mass can be coupled to the thermal
exchange channels to balance the rotor core assembly 1.
[0022] Though the invention has been described here-
in with reference to specific embodiments, this descrip-
tion is not meant to be construed in a limiting sense. Var-
ious examples of the disclosed embodiments, as well as
alternate embodiments of the invention, will become ap-
parent to persons skilled in the art upon reference to the
description of the invention. It is therefore contemplated
that such modifications can be made without departing
from the embodiments of the invention as defined.

Claims

1. A steam turbine comprising a rotor core assembly
(1), wherein the rotor core assembly (1) comprises:

a rotor core (2) extending in a longitudinal direc-
tion and one or more extended portions (3) cou-
pled to the rotor core (2) and extending the rotor
core in a radial direction, characterized in that,
at least one thermal exchange channel (4) lo-
cated on the one or more extended portions (3),
wherein the at least one thermal exchange chan-
nel (4) is capable of having thermal communi-
cation between the rotor core and a steam sur-
rounding the rotor core.

2. The steam turbine according to claim 1, wherein the
rotor core has a first diameter (d1) and the one or
more extended portions have a second diameter
(d2).

3. The steam turbine according to claim 2, wherein the
second diameter (d2) is greater than the first diam-
eter (d1).

4. The steam turbine according to claim 1, wherein the
at least one thermal exchange channel (4) is a tubu-
lar bore.
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5. The steam turbine according to claim 1, wherein a
plurality of thermal exchange channels (4) is inter-
connected.

6. The steam turbine according to claim 5, wherein the
interconnection (6) of the plurality of thermal ex-
change channels (4) provides a draining mechanism
to drain condensed steam.

7. The steam turbine according to claim 6, wherein the
draining mechanism includes at least one of a slant-
ed thermal exchange channel (4).

8. The steam turbine according any of the preceding
claims, wherein the rotor core (2) is enclosed by an
outer casing.
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