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(54) HEAT EXCHANGE SYSTEM HAVING AN INTEGRATED SUB-COOLER

(57) A heat exchange system includes a casing en-
closing a cavity therein, and afirst heat exchange device
configured to channel a first heat absorbing fluid there-
through and extending longitudinally within the cavity.
Steam received within the cavity is condensable via ther-
mal communication with the first heat absorbing fluid to
form a first exhaust stream. The heat exchange system
also includes a sub-cooler configured to channel a
sub-cooler fluid therethrough and extending longitudinal-
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ly within the cavity. The sub-cooler is positioned beneath
the first heat exchange device such that the first exhaust
stream is receivable into thermal communication with the
sub-cooler fluid. In some embodiments, the sub-cooler
includes a housing that includes a flat topmost surface.
Additionally or alternatively, the heat exchange system
includes an anti-flash plate that extends longitudinally
within the casing between the upper portion and the lower
portion of the cavity.

FIG. 2
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Description
BACKGROUND

[0001] The field of the disclosure relates generally to
heat exchange systems for steam turbine systems, and
more particularly to an integrated sub-cooler for a low-
pressure heater installed in a condenser.

[0002] At least some known steam turbine systems
channel streams of steam and condensed water drawn
from various points in the system into thermal communi-
cation, in order to recover and use heat that would oth-
erwise be lost from the streams. In order to improve an
efficiency of such heat recovery, in at least some cases
itis desirable to locate the heat exchange device as close
as possible to the point from which the streams are ex-
tracted, for example to reduce heat losses in the extrac-
tion conduit. Additionally or alternatively, in order to re-
duce a footprint of the system, it is desirable to co-locate
the heat exchange devices with each other and/or with
other components of the steam turbine system.

[0003] For example, at least some known steam tur-
bine systems include a plurality of heat exchange devices
installed in a condenser neck of a steam turbine. In at
least some cases, a sub-cooling zone co-located with
another heat exchange device in this location would im-
prove the efficiency of heat recovery from the received
steam and/or reduce a footprint of the system. However,
certain low-pressure heat exchange devices, such as
heatexchange devices thatreceive steam extracted from
low pressure steam turbines associated with a nuclear
steam source, operate at a sufficiently low pressure (for
example, but not by way of limitation, around 160 mbar)
such that the equilibrium between steam and water is
very sensitive to pressure fluctuation. As such, a sub-
cooling zone included in such a low-pressure heater may
present risks such as steam flashing, resulting in de-
creased heat transfer efficiency in the sub-cooling zone
and associated distortion and wear of the heat exchange
devices, and/or liquid water ingestion into the blade path
of the steam turbine and associated wear on the blades.

BRIEF DESCRIPTION

[0004] In one aspect, a heat exchange system is pro-
vided. The heat exchange system includes a casing en-
closing a cavity therein, and afirst heat exchange device
configured to channel a first heat absorbing fluid there-
through. The first heat exchange device extends longi-
tudinally within the cavity. Steam received within the cav-
ity is condensable via thermal communication with the
first heat absorbing fluid to form a first exhaust stream.
The heat exchange system also includes a sub-cooler
configured to channel a sub-cooler fluid therethrough.
The sub-cooler extends longitudinally within the cavity.
The sub-cooler is positioned beneath the first heat ex-
change device such that the first exhaust stream is re-
ceivable into thermal communication with the sub-cooler
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fluid. The sub-cooler includes a sub-cooler housing that
extends horizontally from a first side to a second side.
The sub-cooler housing includes a flat topmost surface
that extends from the first side to the second side.
[0005] In another aspect, a steam turbine system is
provided. The steam turbine system includes a steam
turbine, and a first steam conduit configured to receive
a first portion of steam tapped from a first intermediate
stage of the steam turbine. The steam turbine system
also includes a condenser configured to receive steam
exhausted from the steam turbine. The condenser in-
cludes a neck portion. The steam turbine system further
includes a heat exchange system that includes a casing
enclosing a cavity therein. The cavity extends at least
partially within the neck portion of the condenser. The
casing includes a first inlet defined therein and coupled
in flow communication between the cavity and the first
steam conduit. The heat exchange system also includes
afirst heat exchange device configured to channel a first
heat absorbing fluid therethrough. The first heat ex-
change device extends longitudinally within an upper por-
tion of the cavity. The first portion of steam received
through the firstinlet is condensable via thermal commu-
nication with the first heat absorbing fluid to form a first
exhaust stream. The heat exchange system further in-
cludes a sub-cooler configured to channel a sub-cooler
fluid therethrough. The sub-cooler extends longitudinally
within a lower portion of the cavity. The sub-cooler is
positioned beneath the first heat exchange device such
that the first exhaust stream is receivable into thermal
communication with the sub-cooler fluid. In addition, the
heat exchange system includes an anti-flash plate that
extends longitudinally within the casing between the up-
per portion and the lower portion of the cavity.

BRIEF DESCRIPTION OF THE DRAWINGS
[0006]

FIG. 1 is a schematic view of an exemplary steam
turbine system;

FIG.2is a perspective cutaway view of an exemplary
heat exchange system that may be used with the
steam turbine system shown in FIG. 1; and

FIG. 3 is a cross-section of the heat exchange sys-
tem shown in FIG. 2, taken along lines 3-3 shown in
FIG. 2.

DETAILED DESCRIPTION

[0007] The embodiments described herein overcome
at least some of the disadvantages of known heat ex-
change devices having integral sub-coolers. The embod-
iments include a first heat exchange device and a sub-
cooler located beneath the first heat exchange device
within the same casing. For example, the casing is in-
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stalled across the neck of a steam turbine condenser.
The first heat exchange device uses steam tapped from
an intermediate stage of the steam turbine to efficiently
heat a first heat absorbing fluid for use elsewhere in the
steam turbine system. The sub-cooler receives an ex-
haust stream of condensed water from the first heat ex-
change device into thermal communication with a sub-
cooler fluid. Any of several features are used to facilitate
operation of the first heater and sub-cooler with reduced
potential for flashing within the casing and/or ingestion
into the steam turbine, in particular (but not by way of
limitation) at low pressures associated with a steam tur-
bine system including a nuclear steam source. For one
example, a housing of the sub-cooler extends horizon-
tally from a first side to a second side, and a flat topmost
surface of the sub-cooler housing extends from the first
side to the second side, facilitating reduced accumulation
of non-condensed steam. For another example, an anti-
flash plate extends longitudinally within the casing be-
tween the first heat exchange device and the sub-cooler.
For another example, sets of perforated impingement
plates are positioned beneath the steam inlet to the cas-
ing.

[0008] Unless otherwise indicated, approximating lan-
guage, such as "generally," "substantially," and "about,"
as used herein indicates that the term so modified may
apply to only an approximate degree, as would be rec-
ognized by one of ordinary skill in the art, rather than to
an absolute or perfect degree. Accordingly, a value mod-
ified by a term or terms such as "about," "approximately,"
and "substantially" is not to be limited to the precise value
specified. In at least some instances, the approximating
language may correspond to the precision of an instru-
ment for measuring the value. Additionally, unless oth-
erwise indicated, the terms "first," "second," etc. are used
herein merely as labels, and are not intended to impose
ordinal, positional, or hierarchical requirements on the
items to which these terms refer. Moreover, reference to,
for example, a "second" item does notrequire or preclude
the existence of, for example, a "first" or lower-numbered
item or a "third" or higher-numbered item.

[0009] FIG. 1 is a schematic view of an exemplary
steam turbine system 100. Steam turbine system 100
includes a steam source 102 that provides steam 103 at
an initially elevated pressure and temperature. In the ex-
emplary embodiment, steam source 102 is a nuclear
source. In alternative embodiments, steam source 102
is any suitable source of steam.

[0010] Steam 103 is channeled in any suitable fashion
to a steam turbine 104. In the exemplary embodiment,
steam turbine 104 is an opposed-flow steam turbine. In
alternative embodiments, steam turbine 104 is a single-
flow steam turbine. Moreover, in the exemplary embod-
iment, steam turbine 104 is alow-pressure steam turbine,
and steam 103 is channeled in succession through a high
pressure steam turbine (not shown) and an intermediate
pressure steam turbine (not shown) prior to being chan-
neled to steam turbine 104 at a relatively decreased pres-
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sure and temperature. In alternative embodiments,
steam 103 is channeled through any suitable arrange-
ment and number, including zero, of steam turbines prior
to steam turbine 104.

[0011] Steam turbine 104 converts thermal energy of
steam 103 to mechanical rotational energy. For example,
steam 103 impacts rotor blades of steam turbine 104 and
induces rotation of a rotor of steam turbine 104. The ro-
tational energy of the rotor may be used to drive a load
(not shown) such as, but not limited to, an electrical gen-
erator or a mechanical drive application.

[0012] Steam turbine system 100 also includes a con-
denser 106 that receives steam 103 exhausted from
steam turbine 104 and condenses the exhausted steam
103 to liquid water. More specifically, in the exemplary
embodiment, condenser 106 includes a neck portion 110
that directs low pressure exhausted steam 103 over a
plurality of condenser tubes, designated generally by
112, of condenser 106. Steam turbine system 100 further
includes a cooling system 108 that circulates a flow of
condenser cooling fluid 109 through condenser tubes
112 into thermal communication with the exhausted
steam 103, cooling and condensing the exhausted steam
103 into a stream of water 113. In alternative embodi-
ments, condenser 106 is arranged in any suitable fash-
ion, and/or is configured to condense the exhausted
steam 103 in any suitable fashion, that enables steam
turbine system 100 to function as described herein. In
the exemplary embodiment, steam turbine system 100
further includes a heat exchange system 118 coupled to
condenser 106. More specifically, heat exchange system
118 includes a plurality of heat exchange devices 120
extending at least partially within condenser 106.
[0013] Inthe exemplary embodiment, atleast a portion
of stream of water 113 is channeled, such as via a pump
114, to one or more of heat exchange devices 120, as
described below. Additionally or alternatively, at least a
portion of stream of water 113 is channeled for suitable
treatment and/or use to one or more other elements of
steam turbine system 100, designated generally by 116.
For example, but not by way of limitation, other elements
116 include at least one of a purification or "polishing"
system, a degassing tank, a water supply for steam
source 102, one or more heat exchange devices asso-
ciated with another steam turbine located upstream, with
respect to the flow of steam 103, from steam turbine 104,
and other suitable elements of steam turbine system 100
as known in the art. In alternative embodiments, stream
of water 113 is channeled in any suitable fashion that
enables steam turbine system 100 to function as de-
scribed herein.

[0014] In the exemplary embodiment, each heat ex-
change device 120 is mechanically coupled to, and ex-
tends for at least fifty percent of its length within, neck
portion 110 of condenser 106. Moreover, in some such
embodiments, each heat exchange device 120 extends
for at least eighty percent of its length within neck portion
110 of condenser 106. It should be noted that, as used
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herein, the term "couple" is not limited to a direct me-
chanical, thermal, electrical, and/or communication con-
nection between components, but may also include an
indirect mechanical, thermal, electrical, and/or commu-
nication connection between multiple components. In al-
ternative embodiments, heat exchange devices 120 are
coupled to any suitable portion of condenser 106 and/or
extend to any suitable extent within condenser 106 that
enables heat exchange system 118 to function as de-
scribed herein.

[0015] Plurality of heat exchange devices 120 includes
a first heat exchange device 130 configured to channel
a first heat absorbing fluid 133 therethrough. First heat
exchange device 130 also receives a first portion 105 of
steam 103 tapped from afirstintermediate stage of steam
turbine 104 via a first steam conduit 131, and channels
first portion 105 of steam 103 into thermal communication
with first heat absorbing fluid 133. More specifically, first
portion 105 of steam 103 is condensable via thermal com-
munication with first heat absorbing fluid 133 and ex-
hausted in at least partially liquid form from first heat ex-
change device 130 as first exhaust stream 135.

[0016] Incertain embodiments, first heat absorbing flu-
id 133 is drawn from stream of water 113. For one ex-
ample, in the exemplary embodiment, first heat absorb-
ing fluid 133 is drawn from stream of water 113 after
stream of water 113 is routed through at least one of the
other elements 116, such as a purification system, and
after stream of water 113 is routed through a second heat
exchange device 140 of plurality of heat exchange de-
vices 120. In alternative embodiments, first heat absorb-
ing fluid 133 is drawn from any suitable source that en-
ables first heat exchange device 130 to function as de-
scribed herein. In the exemplary embodiment, first heat
absorbing fluid 133 exhausted from first heat exchange
device 130 is channeled back to at least another of the
other elements 116, such as a heat exchange device
associated with another steam turbine located upstream,
with respect to the flow of steam 103, from steam turbine
104.In alternative embodiments, first heat absorbing fluid
133 exhausted from first heat exchange device 130 is
channeled to any suitable location that enables heat ex-
change system 118 to function as described herein.
[0017] In the exemplary embodiment, the plurality of
heat exchange devices 120 also includes second heat
exchange device 140. Second heat exchange device 140
receives a second portion 107 of steam 103 tapped from
a second intermediate stage of steam turbine 104 via a
second steam conduit 141, and channels second portion
107 of steam 103 into thermal communication with a sec-
ond heat absorbing fluid 143. In the exemplary embodi-
ment, second steam conduit 141 is tapped from steam
turbine 104 downstream from first steam conduit 131,
such that first portion 105 of steam 103 is at a higher
pressure and temperature than second portion 107 of
steam 103. In alternative embodiments, second steam
conduit 141 is tapped from steam turbine 104 at any suit-
able location relative to first steam conduit 131. Second
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portion 107 of steam 103 is exhausted from second heat
exchange device 140 as second exhaust stream 145.
[0018] Incertainembodiments, second heatabsorbing
fluid 143 is drawn from stream of water 113. For one
example, in the exemplary embodiment, second heat ab-
sorbing fluid 143 is drawn from stream of water 113 after
stream of water 113 is routed through at least one of the
other elements 116, such as a purification system. In
alternative embodiments, first heat absorbing fluid 133
is drawn from any suitable source that enables first heat
exchange device 130 to function as described herein. In
the exemplary embodiment, second heat absorbing fluid
143 exhausted from second heat exchange device 140
is channeled to first heat exchange device 130 as first
heat absorbing fluid 133. In alternative embodiments,
second heat absorbing fluid 143 exhausted from second
heat exchange device 140 is channeled to any suitable
location that enables heat exchange system 118 to func-
tion as described herein.

[0019] In alternative embodiments, heat exchange
system 118 does not include second heat exchange de-
vice 140.

[0020] Plurality of heat exchange devices 120 further
includes asub-cooler 150. Inthe exemplary embodiment,
sub-cooler 150 receives first exhaust stream 135 ex-
hausted from first heat exchange device 130, and chan-
nels firstexhaust stream 135 into thermal communication
with a sub-cooler fluid 153. As discussed above, in the
exemplary embodiment, first exhaust stream 135 is re-
ceived by sub-cooler 150 in at least partially liquid form,
and thus in certain embodiments some amount of steam
remains in first exhaust stream 135. First exhaust stream
135 is exhausted from sub-cooler 150 as sub-cooler ex-
haust stream 155.

[0021] In certain embodiments, sub-cooler fluid 153 is
drawn from at least one of the other elements 116. For
one example, in the exemplary embodiment, sub-cooler
fluid 153 is drawn from stream of water 113 after stream
of water 113 is routed through a heat exchange device
associated with another steam turbine located upstream,
with respect to the flow of steam 103, from steam turbine
104. In alternative embodiments, sub-cooler fluid 153 is
drawn from any suitable source that enables sub-cooler
150 to function as described herein. In the exemplary
embodiment, sub-cooler fluid 153 exhausted from sub-
cooler 150 is channeled to a water supply for steam
source 102. In alternative embodiments, sub-cooler fluid
153 exhausted from sub-cooler 150 is channeled to any
suitable location that enables heat exchange system 118
to function as described herein.

[0022] In certain embodiments, location of heat ex-
change devices 120 at least partially within condenser
106 facilitates improving an efficiency of heat recovery
from steam 103 at various stages within steam turbine
system 100 by reducing thermal losses in at least one of
steam conduits 131 and 141 and streams 133, 143, and
153. Additionally or alternatively, in some embodiments,
location of heat exchange devices 120 at least partially
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within condenser 106 facilitates reducing a footprint of
steam turbine system 100.

[0023] FIG. 2 is a perspective cutaway view of an ex-
emplary embodiment of heat exchange system 118, des-
ignated heat exchange system 200. FIG. 3 is a cross-
section of the heat exchange system 200 taken along
lines 3-3 shown in FIG. 2. Heat exchange system 200
includes a hollow casing 202 that extends longitudinally
from a first end 204 to a second end 206 and encloses
a cavity 208 therein. In the exemplary embodiment, cas-
ing 202 is generally cylindrical in shape. In alternative
embodiments, casing 202 has any suitable shape that
enables heat exchange system 200 to function as de-
scribed herein.

[0024] In certain embodiments, first end 204 is config-
ured to couple to a first side 160 of neck portion 110 of
condenser 106 (shown in FIG. 1), and second end 206
is configured to couple to an opposite second side 162
of neck portion 110 of condenser 106 (shown in FIG. 1),
such that cavity 208 extends for at least fifty percent of
its volume within neck portion 110 of condenser 106.
Moreover, in some such embodiments, first end 204 is
configured to couple to first side 160 and second end 206
is configured to couple to second side 162 such that cav-
ity 208 extends for at least eighty percent of its volume
within neck portion 110. In alternative embodiments, heat
exchange system 200 is coupled to condenser 106 in
any suitable fashion, and cavity 208 extends within con-
denser 106 to any suitable extent, that enables heat ex-
change system 200 to function as described herein.
[0025] In the exemplary embodiment, heat exchange
system 200 includes a partition wall 210 that extends
longitudinally within casing 202 such that cavity 208 is
partitioned into a first sub-cavity 212 and a horizontally
adjacent second sub-cavity 214. In the exemplary em-
bodiment, partition wall 210 is oriented vertically within
cavity 208. In alternative embodiments, partition wall 210
is oriented in any suitable fashion that enables heat ex-
change system 200 to function as described herein. In
the exemplary embodiment, partition wall 210 is posi-
tioned generally centrally within cavity 208 such that first
sub-cavity 212 and second sub-cavity 214 are of sub-
stantially equal size.

[0026] Moreover, heat exchange system 200 includes
first heat exchange device 130 and sub-cooler 150 po-
sitioned within first sub-cavity 212 and second heat ex-
change device 140 positioned within second sub-cavity
214, and partition wall 210 is configured to prevent flow
communication between first sub-cavity 212 and second
sub-cavity 214. In some embodiments, co-location of first
heat exchange device 130, sub-cooler 150, and second
heat exchange device 140 within a single casing 202
facilitates reducing a footprint of steam turbine system
100 (shown in FIG. 1). In other alternative embodiments,
heatexchange system 200 does not include partition wall
210, and second heat exchange device 140 is positioned
in a separate casing (not shown) or is not included in
heat exchange system 200, such that first sub-cavity 212
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is identical to cavity 208.

[0027] In the exemplary embodiment, first steam con-
duit 131 is coupled in flow communication with first sub-
cavity 212 via afirstinlet 231 defined in casing 202. Thus,
first steam conduit 131 is configured to channel first por-
tion 105 of steam 103 to first sub-cavity 212. In alternative
embodiments, first steam conduit 131 is configured for
flow communication with cavity 208 in any suitable fash-
ion that enables heat exchange system 200 to function
as described herein. Although first steam conduit 131 is
illustrated as being coupled to casing 202 and in flow
communication with first sub-cavity 212 at a single first
inlet 231 in FIG. 2, in some embodiments, first steam
conduit 131 is coupled to casing 202 and in flow commu-
nication with first sub-cavity 212 at a plurality of first inlets
231 defined in, and longitudinally spaced apart along,
casing 202.

[0028] Similarly in the exemplary embodiment, second
steam conduit 141 is coupled in flow communication with
second sub-cavity 214 via a second inlet 241 defined in
casing 202. Thus, second steam conduit 141 is config-
ured to channel second portion 107 of steam 103 to sec-
ond sub-cavity 214. In alternative embodiments, second
steam conduit 141 is configured for flow communication
with cavity 208 in any suitable fashion that enables heat
exchange system 200 to function as described herein.
Although second steam conduit 141 isillustrated as being
coupled to casing 202 and in flow communication with
second sub-cavity 214 at a single second inlet 241 in
FIG. 2, in some embodiments, second steam conduit 141
is coupled to casing 202 and in flow communication with
second sub-cavity 214 at a plurality of second inlets 241
defined in, and longitudinally spaced apart along, casing
202. In other alternative embodiments, for example em-
bodiments in which second heat exchange device 140
is positioned in a separate casing (not shown) or is not
included in heat exchange system 200, second steam
conduit 141 is not in flow communication with cavity 208.
[0029] In the exemplary embodiment, first heat ex-
change device 130 includes a plurality of first tubes 132
that extend longitudinally within first sub-cavity 212 be-
tween first end 204 and second end 206. First tubes 132
are configured to channel first heat absorbing fluid 133
therethrough, such that first heat absorbing fluid 133 is
coupled in thermal communication with first portion 105
of steam 103 received within first sub-cavity 212. In al-
ternative embodiments, first heat exchange device 130
is configured to channel first heat absorbing fluid 133
therethrough in any suitable fashion that enables first
heat exchange device 130 to function as described here-
in.

[0030] In the exemplary embodiment, first tubes 132
are enclosed in a longitudinally extending first housing
134. First housing 134 is configured to seal first tubes
132 against direct contact with first portion 105 of steam
103, while facilitating thermal communication between
first portion 105 of steam 103 and first tubes 132. In some
embodiments, first housing 134 configured to prevent di-
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rect contact between first portion 105 of steam 103 and
first tubes 132 facilitates preventing corrosion or other
wear to first tubes 132. In alternative embodiments, first
housing 134 is not configured to seal first tubes 132
against direct contact with first portion 105 of steam 103,
and/or first heat exchange device 130 does not include
first housing 134.

[0031] Inthe exemplary embodiment, first housing 134
is coupled to a plurality of first baffles 136 spaced longi-
tudinally along first heat exchange device 130 to support,
and inhibit vibration of, first tubes 132. First baffles 136
facilitate an even distribution of first portion 105 of steam
103 along first tubes 132. Additionally or alternatively,
first baffles 136 facilitate reducing locally a longitudinal
velocity component of first portion 105 of steam 103, thus
reducing potential wear in heat exchange system 200
and/or reducing potential backflow through first inlet 231
into first steam conduit 131. In alternative embodiments,
first heat exchange device 130 does not include first baf-
fles 136.

[0032] In the exemplary embodiment, sub-cooler 150
extends longitudinally within first sub-cavity 212 beneath
first heat exchange device 130. More specifically, first
heat exchange device 130 is positioned in an upper por-
tion 216 of first sub-cavity 212, and sub-cooler 150 is
positioned in a lower portion 218 of first sub-cavity 212,
such that first exhaust stream 135, condensed from first
portion 105 of steam 103 into liquid water by first heat
exchange device 130 as discussed above with respect
to FIG. 1, is receivable via the force of gravity into thermal
communication with sub-cooler 150. In some embodi-
ments, lower portion 218 may be referred to as a "drain
cooling zone."

[0033] In the exemplary embodiment, sub-cooler 150
includes a plurality of sub-cooler tubes 152 that extend
longitudinally between first end 204 and second end 206.
Sub-cooler tubes 152 are configured to channel sub-
cooler fluid 153 therethrough, such that sub-cooler fluid
153 is coupled in thermal communication with first ex-
haust stream 135 received within lower portion 218 of
first sub-cavity 212. In alternative embodiments, sub-
cooler 150 is configured to channel sub-cooler fluid 153
therethrough in any suitable fashion that enables sub-
cooler 150 to function as described herein.

[0034] In the exemplary embodiment, heat exchange
system 200 further includes a drain 220 defined in casing
202 and extending therethrough. More specifically, drain
220 is in flow communication with lower portion 218 of
first sub-cavity 212, such that drain 220 channels sub-
cooler exhaust stream 155 (shown in FIG. 1) out of casing
202. In alternative embodiments, heat exchange system
200 is configured to channel sub-cooler exhaust stream
155 out of casing 202 in any suitable fashion that enables
heatexchange system 200 to function as described here-
in.

[0035] In the exemplary embodiment, heat exchange
system 200 further includes suitable manifolds (not
shown) adjacent first end 204 and/or second end 206 to
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distribute first heat absorbing fluid 133 to first tubes 132,
receive exhausted first heat absorbing fluid 133 from first
tubes 132, distribute second heat absorbing fluid 143 to
second tubes 142, receive exhausted second heat ab-
sorbing fluid 143 from second tubes 142, distribute sub-
coolerfluid 153 to sub-coolertubes 152, receive exhaust-
ed sub-cooler fluid 153 from sub-cooler tubes 152, and
so forth.

[0036] In the exemplary embodiment, heat exchange
system 200 is configured such that, during a baseline
operational mode of steam turbine system 100 (shown
in FIG. 1), sub-cooler 150 is submerged in liquid water
received as first exhaust stream 135. For example, flow
through drain 220 is controllable, and/or a precise posi-
tioning of sub-cooler 150 within lower portion 218 of first
sub-cavity 212 is pre-selected, to facilitate submersion
of sub-cooler 150. In some embodiments, the liquid water
level is suitably controlled by system logic to inhibit non-
condensed steam from first portion 105 of steam 103
from contacting a topmost surface 164 of sub-cooler
housing 154 of sub-cooler 150.

[0037] Intheexemplary embodiment, sub-coolertubes
152 are enclosed in a longitudinally extending sub-cooler
housing 154. Sub-cooler housing 154 is configured to
seal sub-cooler tubes 152 against direct contact with first
exhaust stream 135 and/or any steam present in lower
portion 218, while facilitating thermal communication be-
tween firstexhaust stream 135 and sub-cooler tubes 152.
In some embodiments, sub-cooler housing 154 config-
ured to prevent direct contact between first exhaust
stream 135 and sub-cooler tubes 152 facilitates prevent-
ing corrosion or other wear to sub-cooler tubes 152. In
alternative embodiments, sub-cooler housing 154 is not
configured to seal sub-cooler tubes 152 against direct
contact with first exhaust stream 135, and/or sub-cooler
150 does not include sub-cooler housing 154.

[0038] In the exemplary embodiment, sub-cooler
housing 154 extends horizontally, i.e., perpendicularly to
the longitudinal and vertical directions, from a first side
161 to a second side 163. Moreover, a topmost surface
164 of sub-cooler housing 154 extends over substantially
an entire horizontal extent of sub-cooler housing 154
from first side 161 to second side 163, as well as longi-
tudinally along sub-cooler 150. In addition, topmost sur-
face 164 is substantially flat along its horizontal and lon-
gitudinal extent, andis spaced from a bottom of firsthous-
ing 134 by a gap 166. In certain embodiments, gap 166
has a vertical depth of at least half of a vertical depth of
sub-cooler housing 154. In some embodiments, gap 166
is calculated to facilitate the regulation of water level.
[0039] Insomeembodiments, topmostsurface 164 be-
ing flat over the horizontal extent of sub-cooler housing
154 facilitates inhibiting accumulation of non-condensed
steam within lower portion 218 of first sub-cavity 212, as
compared to other potential cross-sectional shapes of
sub-cooler housing 154. For example, but not by way of
limitation, steam beginning to accumulate within lower
portion 218, having a lower density than the liquid water
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in first exhaust stream 135, rises into gap 166 and
spreads evenly along flat topmost surface 164, facilitating
condensation. Thus, in certain embodiments, topmost
surface 164 being flat over the horizontal extent of sub-
cooler housing 154 facilitates maintaining heat transfer
efficiency of sub-cooler 150 and reducing wear and dis-
tortion of sub-cooler housing 154. In alternative embod-
iments, sub-cooler housing 154 has any suitable shape
that enables sub-cooler 150 to function as described
herein.

[0040] In the exemplary embodiment, sub-cooler
housing 154 is coupled to a plurality of sub-cooler baffles
156 spaced longitudinally along sub-cooler 150. Sub-
cooler baffles 156 facilitate even distribution of first ex-
haust stream 135 along sub-cooler tubes 152. Addition-
ally or alternatively, sub-cooler baffles 156 facilitate re-
ducing a longitudinal velocity component of any flash
steam arising from sub-cooler 150, thus reducing poten-
tial wear in heat exchange system 200 and/or reducing
potential backflow through first inlet 231 into first steam
conduit 131. In the exemplary embodiment, sub-cooler
baffles 156 are arranged such that a respective opening
or "window" is defined between an edge of each sub-
cooler baffle 156 and an interior surface of casing 202,
and such that a circumferential position along casing 202
of axially adjacent windows varies. Moreover, in the ex-
emplary embodiment, sub-cooler baffles 156 are further
arranged in a No Tubes In Window (NTIW) configuration,
that is, none of sub-cooler tubes 152 extend through any
of the windows defined between sub-cooler baffles 156
and the interior surface of casing 202. In some such em-
bodiments, the NTIW configuration facilitates reduced
condensate pressure loss, and thus reduced triggering
of flash steam, as compared to other baffle arrange-
ments. In alternative embodiments, sub-cooler baffles
156 are arranged in other than a NTIW configuration.
Additionally, sub-cooler baffles 156 support, and inhibit
vibration of, sub-cooler tubes 152.

[0041] In the exemplary embodiment, sub-cooler
housing 154, and sub-cooler tubes 152 housed therein,
are coupled to casing 202 by a plurality of tie rods 170
extending longitudinally within sub-cooler housing 154.
More specifically, in the exemplary embodiment, tie rods
170 are secured to casing 202 proximate first end 204
and proximate second end 206, such that tie rods 170
support substantially an entire weight of sub-cooler 150.
Thus, in some embodiments, tie rods 170 reduce or elim-
inate a need for sub-cooler baffles 156 to couple against
an interior surface of casing 202 to further support the
weight of sub-cooler 150. The ability to maintain a radial
gap between at least some sub-cooler baffles 156 and
the interior surface of casing 202 facilitates venting of
lower portion 218 of first sub-cavity 212, for example dur-
ing start-up and normal operation of steam turbine sys-
tem 100. Additionally or alternatively, for Boiling Water
Reactor plants, this venting facilitates the evacuation of
hydrogen generated by radiolysis. In alternative embod-
iments, each of sub-cooler baffles 156 is coupled to the
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interior surface of casing 202.

[0042] In alternative embodiments, sub-cooler hous-
ing 154, and sub-cooler tubes 152 housed therein, are
coupledto casing 202 in any suitable fashion that enables
heat exchange system 200 to function as described here-
in.

[0043] Incertainembodiments, heat exchange system
200 further includes an anti-flash plate 250 that extends
longitudinally between upper portion 216 and lower por-
tion 218 of first sub-cavity 212. For example, anti-flash
plate 250 is positioned at a vertical level in first sub-cavity
212 above gap 166 and sub-cooler 150. In the exemplary
embodiment, anti-flash plate 250 extends generally hor-
izontally outward from a bottom portion of first housing
134 to the interior surface of casing 202. Moreover, first
housing 134 extends horizontally inward to partition wall
210, such that anti-flash plate 250 and the bottom portion
of first housing 134 cooperate to separate upper portion
216 and lower portion 218 of first sub-cavity 212. In al-
ternative embodiments, anti-flash plate 250 is positioned
between upper portion 216 and lower portion 218 of first
sub-cavity 212 in any suitable fashion that enables anti-
flash plate 250 to function as described herein.

[0044] In the exemplary embodiment, anti-flash plate
250 extends longitudinally from first end 204 to second
end 206 of casing 202. In alternative embodiments, anti-
flash plate 250 extends longitudinally between first end
204 and second end 206 to any suitable extent that en-
ables anti-flash plate 250 to function as described herein.
For example, in some embodiments, anti-flash plate 250
includes gaps or interruptions in the longitudinal extent
of anti-flash plate 250.

[0045] In the exemplary embodiment, anti-flash plate
250 includes a plurality of perforations 252 defined there-
in and extending therethrough from a top surface to an
opposite bottom surface of anti-flash plate 250. Perfora-
tions 252 are suitably sized and shaped to provide
smooth drain of condensate to, and pressure relief to,
lower portion 218, when necessary, while reducing a ve-
locity of any steam passing from lower portion 218 back
to upper portion 216. Additionally or alternatively, perfo-
rations 252 are suitably sized and shaped to inhibit pas-
sage of liquid water from lower portion 218 back to upper
portion 216. For example, perforations 252 are sized and
shaped to inhibit any water droplets entrained in flash
steam from sub-cooler 150 from being carried back
through upper portion 216 of first sub-cavity 212. Thus,
anti-flash plate 250 facilitates reducing wear of the first
heat exchange device 130 and/or liquid water ingestion
into the blade path of steam turbine 104.

[0046] In the exemplary embodiment, anti-flash plate
250 is angled upward adjacent to the interior surface of
casing 202 to facilitate channeling first exhaust stream
135 towards lower portion 218 of first sub-cavity 212. It
should be noted that this upward angle is within the mean-
ing of the term "generally horizontally" as used above
with respect to the orientation of anti-flash plate 250. In
alternative embodiments, anti-flash plate 250 is not an-
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gled upward adjacent to the interior surface of casing
202. In other alternative embodiments, anti-flash plate
250 is oriented in any suitable fashion that enables anti-
flash plate 250 to function as described herein.

[0047] Inthe exemplary embodiment, second heat ex-
change device 140 includes a plurality of second tubes
142 that extend longitudinally within second sub-cavity
214 between first end 204 and second end 206. Second
tubes 142 are configured to channel second heat absorb-
ing fluid 143 therethrough, such that second heat absorb-
ing fluid 143 is coupled in thermal communication with
second portion 107 of steam 103 received within second
sub-cavity 214. In alternative embodiments, second heat
exchange device 140 is configured to channel second
heat absorbing fluid 143 therethrough in any suitable
fashion that enables second heat exchange device 140
to function as described herein.

[0048] In the exemplary embodiment, second tubes
142 are enclosed in a longitudinally extending second
housing 144. Second housing 144 is configured to seal
second tubes 142 against direct contact with second por-
tion 107 of steam 103, while facilitating thermal commu-
nication between second portion 107 of steam 103 and
second tubes 142. In some embodiments, second hous-
ing 144 configured to prevent direct contact between sec-
ond portion 107 of steam 103 and second tubes 142 fa-
cilitates preventing corrosion or other wear to second
tubes 142. In alternative embodiments, second housing
144 is not configured to seal second tubes 142 against
direct contact with second portion 107 of steam 103,
and/or second heat exchange device 140 does not in-
clude second housing 144.

[0049] Inthe exemplary embodiment, second housing
144 is coupled to a plurality of second baffles 146 spaced
longitudinally along second heat exchange device 140.
Second baffles 146 facilitate an even distribution of sec-
ond portion 107 of steam 103 along second tubes 142.
In alternative embodiments, second heat exchange de-
vice 140 does not include second baffles 146.

[0050] In the exemplary embodiment, heat exchange
system 200 further includes a respective set of inlet im-
pingement plates 270 positioned within cavity 208 longi-
tudinally adjacent to each first inlet 231 of first steam
conduit 131 and each second inlet 241 of second steam
conduit 141. For clarity of illustration of other features,
the set of inlet impingement plates 270 adjacent to first
inlet 231 is not illustrated in FIG. 3. It should be recalled
that, although first steam conduit 131 and second steam
conduit 141 are each illustrated as being coupled to cas-
ing 202 and in flow communication with cavity 208 at a
single respective first inlet 231 and second inlet 241 in
FIG. 2, in some embodiments, each of first steam conduit
131 and second steam conduit 141 is coupled to casing
202 and in flow communication with cavity 208 at a plu-
rality of respective first inlets 231 and second inlets 241
longitudinally spaced apart along casing 202. In some
such embodiments, a respective set of inletimpingement
plates 270 is positioned longitudinally adjacent to each
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of the plurality of first inlets 231 and second inlets 241.
In alternative embodiments, a respective set of inlet im-
pingement plates 270 is positioned longitudinally adja-
cent to fewer than all of the plurality of first inlets 231 and
second inlets 241.

[0051] Each inlet impingement plate 270 includes a
first portion 274 positioned beneath under the respective
firstinlet 231 and second inlet 241. In the exemplary em-
bodiment, first portion 274 is shaped to correspond to a
contour of casing 202 surrounding the respective inlet.
In alternative embodiments, first portion 274 has any suit-
able shape that enables set of inlet impingement plates
270 to function as described herein.

[0052] In the exemplary embodiment, each inlet im-
pingement plate 270 further includes a second portion
276 that extends away from first portion 274 towards at
least one of partition wall 210 and the respective one of
first housing 134 and second housing 144. In alternative
embodiments, at least one of the inlet impingement
plates 270 does not include second portion 276.

[0053] Each set of inlet impingement plates 270 in-
cludes at least two inlet impingement plates 270 posi-
tioned sequentially beneath the respective first inlet 231
or second inlet 241. In the exemplary embodiment, inlet
impingement plates 270 in each set have shapes that
substantially conform to each other, such that a spacing
between adjacent inlet impingement plates 270 in each
set is substantially constant at each point along inlet im-
pingement plates 270. For example, the set of inlet im-
pingement plates 270 illustrated in FIG. 3 includes three
inlet impingement plates 270, of which only an edge is
visible for two of the three due to conformal stacking of
the three contoured inlet impingement plates 270 be-
neath second inlet 241. In alternative embodiments, inlet
impingement plates 270 in each set have other than sub-
stantially conforming shapes.

[0054] Each inlet impingement plate 270 includes a
plurality of perforations 272 defined therein and extend-
ing therethrough from an outer surface to an opposite
inner surface of inletimpingement plate 270. Perforations
272 are suitably sized and shaped to allow passage of
first portion 105 of steam 103 from first steam conduit
131 to pass through to first housing 134, and to allow
passage of second portion 107 of steam 103 from second
steam conduit 141 to pass through to second housing
144. In the exemplary embodiment, perforations 272 in
adjacent inlet impingement plates 270 in each set are
staggered, or non-aligned, such that a direction of flow
through one of perforations 272 in one inlet impingement
plate 270 is not directly aligned with one of perforations
272 in the adjacent inlet impingement plate 270. In some
embodiments, set ofinletimpingement plates 270 includ-
ing at least two adjacent inlet impingement plates 270
having non-aligned perforations 272 inhibits passage of
liquid water droplets from respective first inlet 231 and
second inlet 241 through the first layer of tubes 142,
which facilitates reducing wear on first layer of tubes 142.
[0055] In the exemplary embodiment, first inlet 231 is
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oriented radially with respect to casing 202, that is, di-
rected toward a center of cavity 208. Accordingly, first
portion 105 of steam 103 is directed substantially toward
first heat exchange device 130, rather than toward sub-
cooler 150, facilitating reduced flow of non-condensed
first portion 105 of steam 103 into lower portion 218. Also
in the exemplary embodiment, second inlet 241 is orient-
ed tangentially to casing 202, facilitating a more even
vertical distribution of second portion 107 of steam 103
within second sub-cavity 214. In alternative embodi-
ments, firstinlet 231 and/or second inlet 241 are oriented
with respect to casing 202 in any suitable fashion that
enables heat exchange system 200 to function as de-
scribed herein.

[0056] The above-described embodiments overcome
at least some of the disadvantages of known heat ex-
change devices having integral sub-coolers. Specifically,
the embodiments include a first heat exchange device
and a sub-cooler located beneath the first heat exchange
device within the same cavity, facilitating flow of an ex-
haust stream of condensed steam from the first heat ex-
change device to the sub-cooler with a reduced pressure
drop. Also specifically, in some embodiments, a housing
of the sub-cooler extends horizontally from a first side to
a second side, and a flat topmost surface of the sub-
cooler housing extends from the first side to the second
side, facilitating reduced accumulation of non-con-
densed steam between the sub-cooler and first heat ex-
change device. Also specifically, in certainembodiments,
an anti-flash plate extends longitudinally within the cavity
between the first heat exchange device and the sub-cool-
er, reducing a velocity of any steam, and/or inhibiting
liquid water from, passing from the sub-cooler portion of
the cavity back to the upper portion of the cavity. Thus,
the embodiments described herein reduce or eliminate
obstacles to co-location of multiple heat exchange de-
vices at least partially within the condenser neck, which
facilitates improving an efficiency of heat recovery from
steam at various stages within the steam turbine system
and/or reducing a footprint of the steam turbine system.
[0057] Exemplary embodiments of a heat exchange
system and steam turbine system incorporating a heat
exchange system are described above in detail. The sys-
tems and methods are not limited to the specific embod-
iments described herein, but rather, components of sys-
tems and/or steps of methods may be utilized independ-
ently and separately from other components and/or steps
described herein. For example, the heat exchange sys-
tem may also be used in combination with other machines
and methods, and is not limited to practice with only a
steam turbine system as described herein. Rather, the
embodiments can be implemented and utilized in con-
nection with many other applications.

[0058] Although specific features of various embodi-
ments of the disclosure may be shown in some drawings
and not in others, this is for convenience only. Moreover,
references to "one embodiment" in the above description
are not intended to be interpreted as excluding the ex-
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istence of additional embodiments that also incorporate
the recited features. In accordance with the principles of
the disclosure, any feature of a drawing may be refer-
enced and/or claimed in combination with any feature of
any other drawing.

[0059] This written description uses examples, includ-
ing the best mode, to illustrate the disclosure and also to
enable any person skilled in the art to practice the dis-
closure, including making and using any devices or sys-
tems and performing any incorporated methods. The pat-
entable scope of the disclosure is defined by the claims,
and may include other examples that occur to those
skilled in the art. Such other examples are intended to
be within the scope of the claims if they have structural
elements that do not differ from the literal language of
the claims, or if they include equivalent structural ele-
ments with insubstantial differences from the literal lan-
guages of the claims.

[0060] Various aspects and embodiments of the
present invention are defined by the following clauses:

1. A heat exchange system comprising:
a casing enclosing a cavity therein;

afirst heat exchange device configured to chan-
nel afirst heat absorbing fluid therethrough, said
first heat exchange device extending longitudi-
nally within said cavity, wherein steam received
within said cavity is condensable via thermal
communication with the first heat absorbing fluid
to form a first exhaust stream; and

a sub-cooler configured to channel a sub-cooler
fluid therethrough, said sub-cooler extending
longitudinally within said cavity, said sub-cooler
positioned beneath said first heat exchange de-
vice such that the first exhaust stream is receiv-
able into thermal communication with the sub-
cooler fluid, said sub-cooler comprising a sub-
cooler housing that extends horizontally from a
first side to a second side, said sub-cooler hous-
ing comprising a flat topmost surface that ex-
tends from said first side to said second side.

2. The heat exchange system according to Clause
1, wherein said first heat exchange device is posi-
tioned within an upper portion of said cavity and said
sub-cooler is positioned within a lower portion of said
cavity, said heat exchange system further compris-
ing an anti-flash plate that extends longitudinally
within said casing between said upper portion and
said lower portion.

3. The heat exchange system according to Clause
2, wherein saidfirstheat exchange device comprises
a first housing, said anti-flash plate extends horizon-
tally outward from a bottom portion of said first hous-
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ing to an interior surface of said casing.

4. The heat exchange system according to Clause
2, wherein said anti-flash plate comprises a top sur-
face, an opposite bottom surface, and a plurality of
perforations defined therein and extending through
said anti-flash plate from said top surface to said
bottom surface.

5. The heat exchange system according to Clause
2, wherein said first heat exchange device comprises
a first housing, said flat topmost surface is spaced
from a bottom of said first housing by a gap.

6. The heat exchange system according to Clause
5, wherein said anti-flash plate is positioned at a ver-
tical level in said cavity above said gap.

7. The heat exchange system according to Clause
1, further comprising a plurality of tie rods extending
longitudinally within said sub-cooler housing, said tie
rods coupling said sub-cooler to said casing such
that said tie rods support substantially an entire
weight of said sub-cooler.

8. The heat exchange system according to Clause
1, further comprising a partition wall extending lon-
gitudinally within said casing such that said cavity is
partitioned into a first sub-cavity and a horizontally
adjacent second sub-cavity, said first heat exchange
device is positioned within an upper portion of said
first sub-cavity and said sub-cooler is positioned
within a lower portion of said first sub-cavity.

9. The heat exchange system according to Clause
8, further comprising a second heat exchange device
configured to channel a second heat absorbing fluid
therethrough, said second heat exchange device ex-
tending longitudinally within said second sub-cavity,
wherein said partition wall is configured to prevent
flow communication between said first sub-cavity
and said second sub-cavity.

10. The heat exchange system according to Clause
1, further comprising:

a first inlet defined in said casing and coupled
in flow communication with said cavity; and
asetofinletimpingement plates positioned with-
in said cavity longitudinally adjacent to said first
inlet, each of said set of inletimpingement plates
comprising a first portion positioned beneath
said first inlet.

11. A steam turbine system comprising:

a steam turbine;
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a first steam conduit configured to receive a first
portion of steam tapped from a first intermediate
stage of said steam turbine;

a condenser configured to receive steam ex-
hausted from said steam turbine, said condens-
er comprising a neck portion; and

a heat exchange system comprising:

a casing enclosing a cavity therein, said
cavity extending at least partially within said
neck portion of said condenser, said casing
comprising a first inlet defined therein and
coupled in flow communication between
said cavity and said first steam conduit;

a first heat exchange device configured to
channel a first heat absorbing fluid there-
through, said first heat exchange device ex-
tending longitudinally within an upper por-
tion of said cavity, wherein the first portion
of steam received through said first inlet is
condensable via thermal communication
with the first heat absorbing fluid to form a
first exhaust stream;

a sub-cooler configured to channel a sub-
cooler fluid therethrough, said sub-cooler
extending longitudinally within a lower por-
tion of said cavity, said sub-cooler posi-
tioned beneath said first heat exchange de-
vice such that the first exhaust stream is re-
ceivable into thermal communication with
the sub-cooler fluid; and

an anti-flash plate that extends longitudinal-
ly within said casing between said upper
portion and said lower portion of said cavity.

12. The steam turbine system according to Clause
11, wherein said first heat exchange device compris-
es a first housing, said anti-flash plate extends hor-
izontally outward from a bottom portion of said first
housing to an interior surface of said casing.

13. The steam turbine system according to Clause
11, wherein said sub-cooler comprises a sub-cooler
housing that extends horizontally from a first side to
a second side, said sub-cooler housing comprising
a flat topmost surface that extends from said first
side to said second side.

14. The steam turbine system according to Clause
13, wherein said first heat exchange device compris-
es afirsthousing, said flat topmost surface is spaced
from a bottom of said first housing by a gap, and
wherein said anti-flash plate is positioned at a vertical
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level in said cavity above said gap.

15. The steam turbine system according to Clause
11, further comprising a second steam conduit con-
figured to receive a second portion of steam tapped
from a second intermediate stage of said steam tur-
bine, and wherein said heat exchange system further
comprises:

a partition wall extending longitudinally within
said casing such that said cavity is partitioned
into a first sub-cavity and a horizontally adjacent
second sub-cavity, wherein said upper portion
of said cavity comprises an upper portion of said
first sub-cavity and said lower portion of said
cavity comprises alower portion of said first sub-
cavity, and wherein said casing further compris-
es a second inlet defined therein and coupled in
flow communication between said second sub-
cavity and said second steam conduit; and

a second heat exchange device configured to
channel a second heat absorbing fluid there-
through, said second heat exchange device ex-
tending longitudinally within said second sub-
cavity, such that the second portion of steam
received through said second inlet is in thermal
communication with the second heat absorbing
fluid to form a second exhaust stream.

16. The steam turbine system according to Clause
15, wherein said first inlet is oriented radially with
respect to said casing, and said second inlet is ori-
ented tangentially to said casing.

17. The steam turbine system according to Clause
15, wherein said partition wall is positioned generally
centrally within said cavity such that first sub-cavity
and said second sub-cavity are of substantially equal
size.

18. The steam turbine system according to Clause
15, wherein said first heat exchange device compris-
es a first housing that extends horizontally inward to
said partition wall, such that said anti-flash plate and
a bottom portion of said first housing cooperate to
separate said upper portion of said first sub-cavity
and said lower portion of said first sub-cavity.

19. The steam turbine system according to Clause
11, wherein said heat exchange system further com-
prises a set of inlet impingement plates positioned
within said cavity longitudinally adjacent to said first
inlet, each of said set of inlet impingement plates
comprising a first portion positioned beneath said
first inlet.

20. The steam turbine system according to Clause
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19, wherein each of said set of inlet impingement
plates further comprises:

a shape that substantially conforms to a shape
of another of said set of inlet impingement
plates;

an outer surface and an opposite inner surface;
and

a plurality of perforations defined therein and ex-
tending therethrough from said outer surface to
said inner surface, said plurality of perforations
are non-aligned with said plurality of perfora-
tions of an adjacent inlet impingement plate of
said set.

Claims

A heat exchange system (118, 200) comprising:

a casing (202) enclosing a cavity (208) therein;
a first heat exchange device (130) configured to
channel a first heat absorbing fluid (133) there-
through, said first heat exchange device extend-
ing longitudinally within said cavity, wherein
steam (105) received within said cavity is con-
densable via thermal communication with the
first heat absorbing fluid to form a first exhaust
stream (135); and

a sub-cooler (150) configured to channel a sub-
cooler fluid (153) therethrough, said sub-cooler
extending longitudinally within said cavity, said
sub-cooler positioned beneath said first heat ex-
change device such that the first exhaust stream
is receivable into thermal communication with
the sub-cooler fluid, said sub-cooler comprising
a sub-cooler housing (154) that extends hori-
zontally from a first side (161) to a second side
(162), said sub-cooler housing comprising a flat
topmost surface (164) that extends from said
first side to said second side.

2. The heat exchange system (118, 200) according to

Claim 1, wherein said first heat exchange device
(130) is positioned within an upper portion (216) of
said cavity (208) and said sub-cooler is positioned
within a lower portion (218) of said cavity, said heat
exchange system further comprising an anti-flash
plate (250) that extends longitudinally within said
casing (202) between said upper portion and said
lower portion.

The heat exchange system (118, 200) according to
Claim 2, wherein said first heat exchange device
(130) comprises a first housing (134), said anti-flash
plate (250) extends horizontally outward from a bot-
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tom portion of said first housing to an interior surface
of said casing (202).

The heat exchange system (118, 200) according to
Claim 2 or 3, wherein said anti-flash plate (250) com-
prises a top surface, an opposite bottom surface,
and a plurality of perforations (252) defined therein
and extending through said anti-flash plate from said
top surface to said bottom surface.

The heat exchange system (118, 200) according to
any one of Claims 2 to 5, wherein said first heat ex-
change device (130) comprises afirst housing (134),
said flat topmost surface (164) is spaced from a bot-
tom of said first housing by a gap (166).

The heat exchange system (118, 200) according to
Claim 5, wherein said anti-flash plate (250) is posi-
tioned at a vertical level in said cavity (208) above
said gap (166).

The heat exchange system (118, 200) according to
any one of Claims 1 to 6, further comprising a plurality
of tie rods (170) extending longitudinally within said
sub-cooler housing (154), said tie rods coupling said
sub-cooler (150) to said casing (202) such that said
tie rods support substantially an entire weight of said
sub-cooler.

The heat exchange system (118, 200) according to
any one of Claims 1 to 7, further comprising a parti-
tion wall (210) extending longitudinally within said
casing (202) such that said cavity (208) is partitioned
into a first sub-cavity (212) and a horizontally adja-
cent second sub-cavity (214), said first heat ex-
change device (130) is positioned within an upper
portion (216) of said first sub-cavity and said sub-
cooler (150) is positioned within a lower portion (218)
of said first sub-cavity.

The heat exchange system (118, 200) according to
Claim 8, further comprising a second heat exchange
device (140) configured to channel a second heat
absorbing fluid (143) therethrough, said second heat
exchange device extending longitudinally within said
second sub-cavity (214), wherein said partition wall
(210) is configured to prevent flow communication
between said first sub-cavity and said second sub-
cavity.

The heat exchange system (118, 200) according to
any one of Claims 1 to 9, further comprising:

afirstinlet (231) defined in said casing (202) and
coupled in flow communication with said cavity
(208); and

a set of inlet impingement plates (270) posi-
tioned within said cavity longitudinally adjacent
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tosaid firstinlet, each of said set of inletimpinge-
ment plates comprising a first portion (274) po-
sitioned beneath said first inlet.

A steam turbine system (100) comprising:

a steam turbine (104);

a first steam conduit (131) configured to receive
a first portion (105) of steam (103) tapped from
a first intermediate stage of said steam turbine;
a condenser (106) configured to receive steam
(103) exhausted from said steam turbine, said
condenser comprising a neck portion (110); and
a heat exchange system (118, 200) comprising:

a casing (202) enclosing a cavity (208)
therein, said cavity extending at least par-
tially within said neck portion of said con-
denser, said casing comprising a first inlet
(231) defined therein and coupled in flow
communication between said cavity and
said first steam conduit;

a first heat exchange device (130) config-
ured to channel a first heat absorbing fluid
(133) therethrough, saidfirst heat exchange
device extending longitudinally within an
upper portion (216) of said cavity, wherein
the first portion of steam received through
said first inlet is condensable via thermal
communication with the first heat absorbing
fluid to form a first exhaust stream (135);

a sub-cooler (150) configured to channel a
sub-cooler fluid (153) therethrough, said
sub-cooler extending longitudinally within a
lower portion (218) of said cavity, said sub-
cooler positioned beneath said first heat ex-
change device such that the first exhaust
stream is receivable into thermal communi-
cation with the sub-cooler fluid; and

an anti-flash plate (250) that extends longi-
tudinally within said casing between said
upper portion and said lower portion of said
cavity.

The steam turbine system (100) according to Claim
11, wherein said first heat exchange device (130)
comprises a first housing (134), said anti-flash plate
(250) extends horizontally outward from a bottom
portion of said first housing to an interior surface of
said casing (202).

The steam turbine system (100) according to Claim
11 or 12, wherein said sub-cooler (150) comprises
a sub-cooler housing (154) that extends horizontally
from a first side (161) to a second side (163), said
sub-cooler housing comprising a flat topmost sur-
face (164) that extends from said first side to said
second side.
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The steam turbine system (100) according to Claim
13, wherein said first heat exchange device (130)
comprises a firsthousing (134), said flat topmost sur-
face (164) is spaced from a bottom of said first hous-
ing by a gap (166), and wherein said anti-flash plate
(250) is positioned at a vertical level in said cavity
(208) above said gap.

The steam turbine system (100) according to any
one of Claims 11 to 14, further comprising a second
steam conduit (141) configured to receive a second
portion (107) of steam (103) tapped from a second
intermediate stage of said steam turbine (104), and
wherein said heat exchange system (118, 200) fur-
ther comprises:

a partition wall (210) extending longitudinally
within said casing (202) such that said cavity
(208) is partitioned into a first sub-cavity (212)
and a horizontally adjacent second sub-cavity
(214), wherein said upper portion (216) of said
cavity comprises an upper portion (216) of said
first sub-cavity and said lower portion (218) of
said cavity comprises a lower portion (218) of
said first sub-cavity, and wherein said casing fur-
ther comprises a second inlet (241) defined
therein and coupled in flow communication be-
tween said second sub-cavity and said second
steam conduit; and

a second heat exchange device (140) config-
ured to channel a second heat absorbing fluid
(143) therethrough, said second heat exchange
device extending longitudinally within said sec-
ond sub-cavity, such that the second portion of
steam received through said second inlet is in
thermal communication with the second heat
absorbing fluid to form a second exhaust stream
(145).
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