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Gas-to-Liquid Heat Exchange System with Multiple Liquid Flow Patterns

CROSS REFERENCE TO RELATED APPLICATION(S)
[001] This Application is a continuation of and claims priority to United States
Application Serial No.: 13/798,462, filed March 13, 2013. The entire disclosure of
the above document is herein incorporated by reference.
BACKGROUND

1. FIELD OF THE INVENTION
[002] This invention generally relates to gas-to-liquid heat exchange systems and
more particularly to a system allowing multiple liquid paths to provide different
temperatures of feed liquid entering the system.

2. DESCRIPTION OF THE RELATED ART
[003] Natural gas represents a significant source of electrical energy in the United
States and other countries. It burns with few emissions and is available throughout
much of the world. Its price has also been falling dramatically in recent years as new
drilling techniques such as hydraulic fracturing (or fracking) have opened up
previously unavailable deposits. Power plants which convert natural gas into
electrical energy are efficient and, in comparison to hydroelectric projects and coal-
fired plants, are relatively easy and inexpensive to construct.
[004] In the typical plant as shown in FIG. 1, the natural gas burns in a gas turbine
(11), causing the rotor of the turbine (11) to revolve and power an electrical generator
(13) to which the rotor is connected. The exhaust gases — essentially carbon dioxide,
certain contaminants, and steam — leave the gas turbine at about 1200° F. The heat
contained in these gases, thus, can represent a significant additional source of energy.
To harness this energy, the typical combined cycle, natural gas-fired power plant also

includes a heat recovery steam generator (HRSG) (100) through which the hot
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exhaust gases pass. The HRSG (100) acts as a gas-to-liquid heat exchanger allowing
the heat in the exhaust gas to be captured and reused in a steam turbine (301).

[005] The HRSG (100) includes an inlet duct (101) where gas turbine combustion
products are entering (103) and an outlet exhaust end. (105). Exhaust gas flows from
the gas turbine (11) into the upstream end (103) of the duct (101). The gas then
passes through a channel of tube banks (200) with the working fluid, which includes
steam, steam/water mixture, and water. The exhaust gas is heating the working fluid
while cooling itself. Once clear of tube banks (200), the gas passes out the
downstream end (105) into a stack which directs the exhaust gases to the atmosphere.
The HRSG of FIG. 1 is a two-pressure level HRSG. As such, like most HRSGs its
tube banks (200) are generally composed of three functional sections within the duct
(101). The first is a superheater (201), the second is an evaporator and the third is an
economizer (also called a feedwater heater). As a two-pressure system, the high
pressure system uses the superheater (201), a high pressure evaporator (203) and high
pressure economizer (207). The low pressure system uses the low pressure
evaporator (206) and a low pressure economizer (205). These are functional
distinctions as tube banks are connected to each other but the functional components
are arranged basically in that order from the upstream end (103) to the downstream
end (105).

[006] The liquid in tube banks (referred to as feedwater (407) herein) enters the low
pressure economizer (205) as a liquid. The low pressure economizer (205) elevates
the temperature of the feedwater (407). The high temperature feedwater (407) then
flows into the low pressure evaporator (206) which converts a part of the feedwater
(407) into low pressure saturated steam. A part of the feedwater also goes to the high

pressure economizer (207). The high pressure evaporator (203) then converts that
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incoming water into high pressure steam. The steam from the high pressure
evaporator then flow to the superheater (201) which converts the saturated steam into
superheated steam. The flow of the feedwater (407) is thus loosely counter to the
flow of the gas in the duct (101).

[007] Once the feedwater (407) has been superheated, the superheated steam flows
to an external steam turbine (301) which powers another electrical generator (13).
After the steam turbine (301), the working fluid (407) will pass into a condenser (303)
where steam at a vacuum is condensed back into liquid for reuse through the system.
A condensate pump (305) delivers the feedwater (407) back to the economizer (205).
[008] As natural gas commonly contains traces of sulfur as a contaminant which is
not easily removable prior to combustion, the combustion of the natural gas in the gas
turbine (11) generally causes the sulfur to combine with oxygen to produce sulfur
oxides. The combustion process of the gas turbine (11) also involves large quantities
of water which is simply present in the atmosphere. So long as the exhaust gases in
the duct (101) remain above the acid dew point for the gases, which is generally
accepted in the industry as about at least 140° F for sulfuric acid for the concentration
of sulfur expected in most natural gas, the sulfur oxides pass out of the HRSG and
into the exhaust stack.

[009] However, unless it is preheated, the feedwater (407) entering tube banks (200)
within the duct (101) will generally be at only about 90° F to about 100° F and, thus, it
is possible that tube banks (200) toward the downstream end (553) of the low pressure
economizer (205), commonly called “cold rows,” will be at a temperature below the
dew point of the exhaust gases (about 140° F for exhaust gases from natural gas as
indicated above). If this should occur, sulfuric acid can condense on tubes (200)

toward the downstream end from the sulfur oxides in the flue gas uniting with that
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water to form sulfuric acid. As sulfuric acid is highly corrosive to the material of
tubes (200), such formation can cause damage to tubes (200), eventually requiring a
shutdown and repair of the HRSG (100) with all associated costs.

[010] In order to deter the formation of sulfuric acid, manufacturers of HRSGs (100)
have attempted to configure the HRSGs (100) such that the feedwater (407) enters the
duct (101) at a temperature above the acid dew point for the exhaust gases.
Specifically, raising the temperature to about 140° F prior to the water entering the
channel (200) is desired for natural gas operations. While there are a number of ways
of doing this, including the use of recirculation pumps, FIG. 1 provides a more
sophisticated configuration where the feedwater (407) is fed into the cold input of a
liquid-to-liquid heat exchanger (307) external to the duct (101) prior to entering tubes
(200) within the duct (101). To provide the hot liquid to the heat exchanger (307),
feedwater (407) which has already been heated in the duct (101) is routed out of the
duct (101) to the hot input of the heat exchanger (307).

[011] The routing of partially heated feedwater (407) is accomplished through the
use of a low pressure economizer (205) that includes two sections (205a) and (205b)
as shown in FIGS. 2 and 3. These sections (205a) and (205b) allow for partially
heated water within the low pressure economizer (205) to be sent to the external heat
exchanger (307) and then back into the low pressure economizer (205). The sections
(205a) and (205b) may be located in a variety of different configurations within the
duct (101), but, overall, the sections (205a) and (205b) eliminate the need for a
recirculation pump to preheat the feedwater (407), which can thereby simplify
operation and provide one less mechanical part with the potential to break down.
[012] FIG. 2 provides an economizer (205) where the sections (205a) and (205b)

are located in series (one after the other) relative to the gas flow (591), while FIG. 3
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provides an economizer (205) where the sections (205a) and (205b) are located in
parallel (next to each other) relative to the gas flow (591). Between the two sections
(205a) and (205b), feedwater (407) flows through the hot input on the heat exchanger
(307) that is external to gas flow (591). The feedwater (407) immediately from the
condenser (303) flows through the cold input of the heat exchanger (307) before
entering the economizer (205). The heat exchanger (307) thus elevates the
temperature of the feedwater (407) from the condenser (303), which is from about 90°
F to about 100° F, to at least 140° F before the water (407) enters the downstream tube
rows (553) of the economizer section (205a). This means that acid condensation on
the downstream tube rows (553) of that section (205a) generally does not occur.

[013] The systems of FIGS. 1 through 3 work very well for natural gas-fired gas
turbines with heat recovery steam generator systems (HRSGs). However, many
natural gas-fired power plants are designed to have emergency capability to allow
operation when natural gas is not available. While natural gas is always a preferred
fuel, sometimes there is simply not enough of it available at the power plant. Most
natural gas-fired power plants capable of emergency production are designed to burn
an alternative petrochemical in an emergency. Similarly, if the cost of natural gas
increases dramatically, these power plants are also more flexible as they can convert
to burning alternative materials full-time. The alternative material is often #2 fuel oil,
which generally contains a significantly higher sulfur content than natural gas.

[014] When #2 fuel oil is burned in the operation of the power plant of FIGS. 1
through 3, the exhaust gases entering the duct (101) generally include a higher
percentage of sulfur than when natural gas is used. This increased percentage of
sulfur means that the temperature at which sulfuric acid will condense on the tubes in

the exhaust path (200) is increased above the 140° F temperature at which the
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feedwater (407) is fed to the tube banks (200). When a recirculation pump is used,
this is generally not a problem. However, for designs such as those of FIG. 2 and
FIG. 3 that utilize an external heat exchanger, the system is often not capable of
providing extra heat to the feedwater (407) to raise it substantially above 140°F
because of the use of different fuel and, thus, sulfuric acid can condense on the cold
end tubes of the tube bank (200) designed for the 140° F input feedwater (407) which
would no longer be of sufficient temperature to prevent condensation and a full
bypass of all section of the economizer (205) would be required to prevent tube bank

(200) corrosion.
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SUMMARY
[015] Because of the above problems in the art, described herein are systems and
methods for the design of a heat recovery steam generator (HRSG) or similar system
that is designed to extract heat from hot gases flowing through a duct which utilizes
an external liquid-to-liquid heat exchanger for preheating feedwater. The systems and
method allow for a variable water flow pattern to provide preheated water at a variety
of different temperatures.
[016] There is described herein, among other things, a piping system for transferring
heat from an exhaust gas flow to a feedwater comprising: an economizer including: a
first section; a second section; a third section; and a fourth section; wherein the first
section, the second section, the third section, and the fourth section are within the gas
flow; a heat exchanger which is not within the exhaust gas flow and having a cold
put and hot input; and a plurality of valves; wherein the valves can be arranged in a
first configuration so a feedwater passes through the system in the following order:

a) the cold input of the heat exchanger;

b) the first section of the economizer;

¢) the hot input of the heat exchanger;

d) the second section of the economizer; and

¢) the third section and the fourth section of the economizer in any order; and
wherein the valves can be arranged in a second configuration so a feedwater passes
through the system in the following order:

a) the cold input of the heat exchanger;

b) the first section of the economizer;

¢) the third section of the economizer;

d) the hot input of the heat exchanger;
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¢) the second section of the economizer; and

f) the fourth section of the economizer.
[017] Inan embodiment of the system, the exhaust gas flow is selected from the
group consisting of: exhaust gas from the combustion of natural gas and exhaust gas
from the combustion of #2 fuel oil.
[018] Inan embodiment of the system, wherein the valves are arranged in the first
configuration when the exhaust gas has a relatively lower sulfur content and in the
second configuration when the exhaust gas has a relatively higher sulfur content.
[019] Inan embodiment of the system, the first section of the economizer and the
second section of the economizer are arranged in parallel relative to the exhaust gas
flow.
[020] Inan embodiment of the system, the first section of the economizer and the
second section of the economizer are arranged in series relative to the exhaust gas
flow.
[021] Inan embodiment of the system, the third section of the economizer and the
fourth section of the economizer are arranged in parallel relative to the exhaust gas
flow.
[022] Inan embodiment of the system, the third section of the economizer and the
fourth section of the economizer are arranged in series relative to the exhaust gas
flow.
[023] Inan embodiment of the system, the plurality of valves includes: a first three-
way valve positioned between an upstream face of the first section of the economizer,
an upstream face of the third section of the economizer, and the hot input of the heat
exchanger; a second three-way valve positioned between an upstream face of the first

section of the economizer, an upstream face of the second section of the economizer,
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and a downstream face of the third section of the economizer; and a first two-way
valve positioned between an upstream face of the third section of the economizer and
an upstream face of the fourth section of the economizer.

[024] Inan embodiment of the system, the plurality of valves further includes a
bypass valve which allows for the feedwater to either: enter the cold input of the heat
exchanger; or bypass the economizer.

[025] In an embodiment of the system, the feedwater entering the cold input is
between about 90° F and about 100° F.

[026] Inan embodiment of the system, when the valves are in the first configuration,
the feedwater entering the first section of the economizer is above 140° F.

[027] Inan embodiment of the system, the system is part of a heat recovery steam
generator (HRSQG).

[028] In an embodiment of the system, after the feedwater has passed through either
the first configuration or the second configuration, the feedwater is passed to a low
pressure evaporator.

[029] There is also described herein a method for controlling the flow of a liquid
through a device for exchanging heat between a gas and a liquid, the method
comprising: providing a device for exchanging heat between a gas and a liquid, the
device including: an economizer including: a first section; a second section; a third
section; and a fourth section; wherein the first section, the second section, the third
section, and the fourth section are within the gas flow; a heat exchanger which is not
within the exhaust gas flow and having a cold input and hot input; using the device in
a first configuration wherein liquid passes through the components of the device in
the following order:

a) the cold input of the heat exchanger;
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b) the first section of the economizer;

¢) the hot input of the heat exchanger;

d) the second section of the economizer; and

¢) the third and the fourth section of the economizer in any order;
when a first exhaust gas forms the exhaust gas flow; and using the device in a second
configuration wherein liquid passes through the components of the device in the
following order:

a) the cold input of the heat exchanger;

b) the first section of the economizer;

¢) the third section of the economizer;

d) the hot input of the heat exchanger;

¢) the second section of the economizer; and

f) the fourth section of the economizer;
when a second exhaust gas, different from the first exhaust gas, forms the exhaust gas
flow.
[030] Inan embodiment of the method, the first exhaust gas is exhaust gas from the
combustion of natural gas and the second exhaust gas is exhaust gas from the
combustion of #2 fuel oil.
[031] Inan embodiment of the method, the first exhaust gas has a relatively lower
sulfur content than the second exhaust gas.
[032] Inan embodiment of the method, the first section of the economizer and the
second section of the economizer are arranged in parallel relative to the exhaust gas

flow.
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[033] Inan embodiment of the method, the first section of the economizer and the
second section of the economizer are arranged in series relative to the exhaust gas
flow.

[034] Inan embodiment of the method, the third t section of the economizer and the
fourth section of the economizer are arranged in parallel relative to the exhaust gas
flow.

[035] Inan embodiment of the method, the third section of the economizer and the
fourth section of the economizer are arranged in series relative to the exhaust gas
flow.

[036] In an embodiment of the method, the liquid entering the cold input is between
about 90° F and about 100° F.

[037] Inan embodiment of the method, in the first configuration, the liquid entering
the first section of the economizer is above 140° F.

[038] Inan embodiment of the method, in the second configuration, the liquid
entering the first section of the economizer is above 230° F

[039] In an embodiment of the method, the method is performed in a heat recovery

steam generator (HRSG).
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BRIEF DESCRIPTION OF THE DRAWINGS

[040] FIG. 1 provides a hybrid block diagram of a power plant including a heat
recovery steam generator (HRSG) of the prior art.

[041] FIG. 2 provides a block diagram of a prior art economizer with external heat
exchanger having two sections arranged in series for use in an HRSG such as that of
FIG. 1.

[042] FIG. 3 provides a block diagram of a prior art economizer with external heat
exchanger having two sections arranged in parallel for use in an HRSG such as that of
FIG. 1.

[043] FIG. 4 provides a block diagram of an economizer arrangement for use in an
HRSG such as that of FIG. 1 which includes a valve system for switchable operation.
[044] FIG. 5 shows the combination of FIG. 4 with the valves arranged for natural
gas operation.

[045] FIG. 6 shows the combination of FIG. 4 with the valves arranged for oil

operation.
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DESCRIPTION OF PREFERRED EMBODIMENT(S)

[046] This disclosure will discuss systems and methods for the design of a heat
recovery steam generator (HRSG) (100) which utilizes an external liquid-to-liquid
heat exchanger (307) for preheating condensate (407) and that allows for a variable
water flow pattern to alter the temperature that the condensate (407) enters tube banks
(200) within the duct (101) based on the gas composition from which the HRSG (100)
is recovering heat. Thus, the input temperature of the condensate (407) is variable
and the temperature can be selected by altering the chosen pathway.

[047] It should be recognized that, while this disclosure will specifically describe the
piping arrangement (500) of an economizer (205) in conjunction with an HRSG (100)
designed primarily for capturing heat from natural gas exhaust (591a), the piping
arrangement (500) and methodology is equally suitable for HRSGs (100) used for
other primary forms of gas-to-liquid heat exchange, and other systems for capturing
heat from heated gases. This includes, but is not limited to, systems used to capture
heat primarily from the combustion of fossil fuels, such as coal and oil, the
incineration of waste, or from other systems that generate heat. Further, as the term
“economizer” is effectively a functional definition, components referred to herein as
being a part of that section are not intended to be limiting and it is possible, in
different embodiments, that the functions of the economizer (205) could be performed
by other components. Similarly, other functional positions could also change as the
relative position of the portions (e.g. (205a) and (205¢)) compared to the heat
exchanger (307) is generally more important than the positions of the portions (e.g.
(205a) and (205¢)) relative to each other.

[048] FIG. 4 provides for an embodiment of a system (50) including a pipe

arrangement (500) through an HRSG (100) that allows for an alterable pathway based
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on the composition of the gas flow (591). The HRSG (100) components shown in
FIG. 4 are reduced from those shown in FIG. 1 in order to illustrate the specific
pathway of fluid through the economizer (205). The remaining components would
generally be arranged in a conventional manner as understood by one of ordinary
skill. In FIG. 4, the economizer (205) is arranged to have two sections (205a) and
(205b) which are shown arranged in parallel as discussed above in conjunction with
FIG. 3. However, as would be understood by one of ordinary skill, this arrangement
is by no means required and is done for illustrative purposes only. In an alternative
embodiment, the economizer (205) could be arranged with sections in series as
discussed in conjunction with FIG. 2.

[049] The pipe arrangement (500) generally includes at least three and generally
four valves (501), (503), (505), and (507). However, other numbers of valves can be
used depending on the preferred organization and the flexibility of different flows
desired. Valve (501) is a three-way bypass valve which would be used to avoid
sending water into the pipe arrangement (500) if there was a problem with the pipe
arrangement (500), such as if it required maintenance, that the capacity of the pipe
arrangement (500) was exceeded, or for any other reason. The valves (503), (505),
and (507) are designed to allow for the water flow through the pipe arrangement (500)
to travel through two different pathways, depending on the type of gas flow (591)
being used to heat the water in the pipe arrangement (500). Valves (503) and (505)
are generally three-way valves while valve (507) may be a two-way valve.

[050] Inthe embodiment of FIG. 4, a first three-way valve (503) is positioned
between an upstream face (551) of the first section (205a) of the economizer (205), an
upstream face (531) of the third section (205¢) of the economizer (205), and the hot

mput (703) of the heat exchanger (307). Note that the “upstream” and “downstream”
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positions referred to here are for the gas flow, not the feedwater (407). A second
three-way valve (505) is positioned between an upstream face (551) of the first
section (205a) of the economizer (205), an upstream face (551) of the second section
(205b) of the economizer (205), and a downstream face (533) of the third section
(205¢) of the economizer (205). A two-way valve (507) is also positioned between an
upstream face (531) of the third section (205¢) of the economizer (205) and an
upstream face (531) of the fourth section (205d) of the economizer (205).

[051] This arrangement provides for at least two different valve configurations as
shown in FIGS. 5 and 6. Generally, the valves (503), (505), and (507) of the system
(50) will be adjusted at generally the same time so that the system (50) is operated in
cither the configuration of FIG. 5 or the configuration of FIG. 6 and not in any other
configuration. However, one of ordinary skill in the art would understand that
alternative arrangements may be beneficial in some circumstances and that the
configurations of FIGS. 5 and 6 should not be seen as limiting because other
alternative configurations could be used.

[052] Tt should be recognized that, while the embodiment of FIG. 4 shows four
sections for the economizer (205), more sections may be used depending on the size
and desired flexibility of the system (50). Specifically, in a larger system (50), the
economizer (205) may be arranged in any number of additional sections which
operate in accordance with the principles of the sections discussed below in
conjunction with FIGS. 5 and 6. Further, as a component, the low pressure
economizer (205) is defined more by a matter of function than not, and the sections
(205a), (205Db), (205c¢), and (205d) could also be considered for use in any other
portion (e.g. the high pressure economizer (207), the low pressure evaporator (203),

the high pressure evaporator (206), or the superheater (201)) in a different
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embodiment. Generally, there will be an even number of sections provided for the
economizer (205) so that each pair operates in the manners discussed, but likewise
this also is not required.

[053] FIG. 5 shows a valve arrangement as would be used if less preheating of
feedwater (407) was required. This is commonly the arrangement that would be used
in the gas flow (591a) is from the burning of natural gas or another feed material that
is relatively low in sulfur. Thus, the gas flow (591a) will generally contain a
relatively smaller amount of sulfur compared to the gas flow (591b) of FIG. 6. That
means the desired feedwater (407) temperature at the time it enters the duct (101)
(i.e., leaves the heat exchanger (307) and enters section (205a) or (205b)) will
generally be about 140° F.,

[054] InFIG. 5, the liquid flow will generally be as indicated by the arrows on the
piping (500). Further, the “blacked-out” valve portions are closed, preventing water
from flowing through them. Feedwater (407) will come from condenser (303)
through the bypass valve (501) without the bypass valve (501) being set to bypass the
system (50). Thus, the feedwater (407) will flow into the cold input (701) of the heat
exchanger (307) where it will be preheated by the heat exchanger (307). Once
preheated, the feedwater (407) will enter the duct (101) and flow into the downstream
face (553) of the first section (205a) of the economizer (205). The feedwater (407) is
heated in the first section (205a) and then exits the upstream face (551) where it
passes through the valve (503) and into the hot input (703) of the heat exchanger
(307).

[055] Heat will be exchanged with the incoming feedwater (407) at the cold input
and the feedwater (407) will flow into the downstream face (553) of the second

section (205b) of the economizer (205). Generally, the feedwater flowing into the
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downstream faces (553) of both the first (205a) and second section (205b) will be
above, and relatively close to, 140° F. The feedwater (407) will then flow from the
upstream face (551) of the second section (205b) of the economizer (205) through
sections (205¢) and (205d) and to the evaporator.

[056] As should be apparent from the above description, the feedwater pathway up
until this point matches the pathway of both economizers (205) of FIGS. 2 and 3
where the feedwater (407) flows through the cold input (701) of the heat exchanger
(703), through one section (205a) of the economizer (205), into the hot input (703) of
the heat exchanger (307), and through the other section (205b) of the economizer
(205). This is therefore the same general arrangement as discussed for those devices
showing that this valve arrangement will generally be sufficient to convert about 90° F
to about 100° F feedwater at the condenser (303) to at least and about 140° F, which is
suitable for operation of the pipe arrangement (500) in a lower sulfur (e.g. natural gas
combustion product) exhaust flow (591a).

[057] Once through the economizer sections (205a) and (205b), the feedwater (407)
will be split into two pathways by the valve (505), which independently flow into the
downstream faces (533) and out the upstream faces (531) of the latter two sections of
the economizer (205¢) and (205d). Generally about half the feedwater (407) flow will
go through each section (205¢) and (205d). The feedwater (407) streams may be
recombined through the valve (507) and sent out to the evaporator (206) to be
evaporated in any conventional manner known to one of ordinary skill.

[058] As should be apparent from the above, the layout of FIG. 5 is essentially
identical to the arrangement of FIGS. 2 or 3 except that the layout of FIG. 5 utilizes
two sections (205¢) and (205d) of the economizer (205) with the flow split evenly

between them as opposed to a single section. These two sections (205¢) and (205d)
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will generally be arranged in parallel to simply duplicate the function of a traditional
single section economizer (205), but that is by no means required and alternative
designs with the sections (205¢) and (205d) offset from each other, or arranged in
series , could be used in alternative embodiments, if desired.

[059] While the arrangement of FIG. 5 is sufficient to preheat the feedwater (407)
with the heat exchanger (307) for a relatively low sulfur gas flow (591a), it will
generally not be sufficient if the gas flow (591b) has higher sulfur. This would occur,
in an embodiment, where a primarily natural gas fired power plant switched over to
an alternative fuel, such as, but not limited to, fuel oil (including but not limited to, #2
fuel oil or #6 fuel oil), in an emergency situation, or to deal with a natural gas price
increase. In a still further embodiment, it could occur if a relatively low sulfur
exhaust gas (591a) generated from the combustion of primarily organic municipal
waste was shifted over to a higher sulfur exhaust gas (591b) such as from coal
combustion. In a yet further embodiment, the low sulfur exhaust gas (591a) could be
from a relatively low sulfur coal feed while the higher sulfur exhaust gas (591b) is
from a higher sulfur (lower quality) coal feed.

[060] Regardless of the reason why the exhaust flow (591) increases in sulfur, when
an operator is aware that the sulfur content of the exhaust flow (591) is going to be
sufficiently increased, the system (50) of FIG. 4 will be shifted from the arrangement
of FIG. 5 to that of FIG. 6. The increase will generally be considered sufficient to
switch if the temperature of the feedwater (407) entering the downstream faces (553)
of one or both sections (205a) and (205b) is below the dew point of the exhaust gas
(591) when the system (50) is operating in the configuration of FIG. 5. Again, in

FIG. 6, the arrows on the pipe arrangement (500) indicate the flow of feedwater (407)
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and the blacked-out indicators on the valves (501), (503), (505), and (507) indicate
that flow through that arm of the valve is prohibited.

[061] In the operation of FIG. 6, the feedwater (407) again comes from the
condenser (303) and passes through the bypass valve (501) and into the system (50).
As should be apparent, the bypass valve (501) is in the same position in the
arrangements of both FIGS. 5 and 6 as the bypass valve (501) is not used to alter the
flow pattern through the economizer (205), but to avoid it entirely. As a bypass
operation (where flow of the feedwater (407) would be from the condenser (303)
through the valve (501) and directly to the evaporator (206) (or more accurately
another bypass valve)) is conventional, it is not further discussed here.

[062] The feedwater (407) again passes into the cold input (701) of the heat
exchanger (307) and into the downstream face (553) of the first section (205a) of the
economizer (205). The feedwater (407) passes out the upstream face (551) of the
section (205a) but is now blocked from returning to the heat exchanger (307) by the
closed portion of the valve (503). Instead, the feedwater (407) now enters the
downstream face (533) of the economizer section (205¢). It then passes out the
upstream face (531) of the section (205¢) and the closed valve (507) sends it up
through the open portion of the valve (503) and into the hot input (703) of the heat
exchanger (307) where it will exchange heat with the incoming cold water.

[063] It should be apparent that the feedwater (407) entering the hot input (703) of
the heat exchanger (307) in FIG. 6 is significantly hotter than the feedwater (407)
entering the hot input (703) of the heat exchanger (307) in FIG. 5, as the feedwater
(407) will have passed through both section (205a) and section (205¢) as opposed to
simply section (205a). Thus, the feedwater (407) coming in the cold input (701) of

the heat exchanger (307) will be heated to a significantly greater temperature in FIG.
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6 than in FIG. 5, prior to the feedwater (407) being supplied to economizer section
(205a). Similarly, because the feedwater (407) at the hot input (703) of the heat
exchanger (307) is hotter in FIG. 6 than in FIG. 5, the feedwater (407) leaving the
heat exchanger (307) to the economizer section (205b) is also hotter in FIG. 6
compared to FIG. 5.

[064] Depending on the embodiment and the desired input temperature, the
feedwater (407) leaving the heat exchanger (307) of FIG. 6 could be as high as 230°
F, 240° F, 280°F, or greater. These temperatures could be particularly valuable if the
exhaust gas (591b) was from #2 fuel oil. In another embodiment, the feedwater (407)
leaving the heat exchanger (307) may only be 160° F or more, which may be suitable
if other feedstocks were being used, but is generally hotter than is otherwise needed
for natural gas. It should be apparent that the specific temperature that the feedwater
(407) leaves the heat exchanger (307) can be selected in both the lower temperature
and higher temperature arrangements based on the size and positioning of the portions
(205¢) and (205a). Thus, while the temperature of feedwater (407) leaving the heat
exchanger (307) in FIG. 6 will always be hotter than that of FIG. 5, the exact
amount, or difference between the amounts, can be variable depending on the
expected composition of exhaust gases (591a) and (591b) or other factors known to
one of ordinary skill.

[065] Once the feedwater (407) has passed through the hot input (703) of the heat
exchanger (307), it will enter the second section (205b) of the economizer (205),
passing from the downstream face (553) to the upstream face (551), and then, due to
the closed valve (505), the feedwater (407) will pass into the downstream face (533)
of the fourth section (205d) of the economizer (205). The feedwater (407) will then

pass out the upstream face (531) of section (205d) and be directed by the closed valve
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(507) to the evaporator (206). Thus, the feedwater (407) goes through the two
sections (205¢) and (205d) at different times in FIG. 6 as opposed to generally
simultaneously in FIG. 5.

[066] It should be apparent that, in the arrangement of FIG. 4 where the two
portions of the economizer (205a) and (205b) are parallel and the economizer sections
(205¢) and (205d) are parallel, which section (205¢) or (205d) of economizer (205 )
and which section (205a) and (205b) of the economizer (205) are used on which leg
of the feedwater (407) passage are generally interchangeable. In an arrangement
where the sections of the economizer (205) are arranged in series, the valve
arrangements will generally be done such that the feedwater (407) will pass through
the upstream section (205d) and (205b) second in both arrangements. This comports
with the use of the reference numbers herein between FIGS. 2 and 4. Thus, the
sections (205d) and (205b) will generally be upstream of the related sections (205¢)
and (205a) with a non-parallel arrangement.

[067] As should be apparent from the above, when the system (50) is placed in the
arrangement of FIG. 6, the feedwater (407) from the condenser (303) is preheated to
a significantly higher temperature than in the arrangement of FIG. 5. Thus, there is a
reduced likelihood of sulfuric acid condensation being formed on the downstream
tubes (553) of the various sections of the economizer (205), even in higher sulfur
exhaust gases (591b) are present or if there is another reason that the dew point in the
exhaust gases (591b) is higher than that of exhaust gases (591a). Thus, the system
(50) can be switched from the arrangement of FIG. 5 to that of FIG 6 when a
feedstock is used which has greater sulfur content, such as when the power plant runs

on #2 fuel oil as opposed to natural gas.
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[068] While the invention has been disclosed in connection with certain preferred
embodiments, this should not be taken as a limitation to all of the provided details.
Modifications and variations of the described embodiments may be made without
departing from the spirit and scope of the invention, and other embodiments should be
understood to be encompassed in the present disclosure as would be understood by
those of ordinary skill in the art.

[069] 1t will further be understood that any of the ranges, values, or characteristics
given for any single component of the present invention can be used interchangeably
with any ranges, values, or characteristics given for any of the other components of
the invention, where compatible, to form an embodiment having defined values for

cach of the components, as given herein throughout.
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CLAIMS

1. A piping system for transferring heat from an exhaust gas flow to a feedwater
comprising:
an economizer including:
a first section;
a second section;
a third section; and
a fourth section;
wherein said first section, said second section, said third section, and
said fourth section are within said gas flow;
a heat exchanger which is not within said exhaust gas flow and having a cold
mput and hot input; and
a plurality of valves;
wherein said valves can be arranged in a first configuration so a feedwater
passes through the system in the following order:
a) said cold input of said heat exchanger;
b) said first section of said economizer;
¢) said hot input of said heat exchanger;
d) said second section of said economizer; and
¢) said third and said fourth section of said economizer in any order;
and
wherein said valves can be arranged in a second configuration so a feedwater
passes through the system in the following order:

a) said cold input of said heat exchanger;
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b) said first section of said economizer;

¢) said third section of said economizer;

d) said hot input of said heat exchanger;

¢) said second section of said economizer; and

f) said fourth section of said economizer.
2. The system of claim 1, wherein said exhaust gas flow is selected from the group
consisting of: exhaust gas from the combustion of natural gas and exhaust gas from
the combustion of #2 fuel oil.
3. The system of claim 1, wherein said valves are arranged in said first configuration
when said exhaust gas has a relatively lower sulfur content and in said second
configuration when said exhaust gas has a relatively higher sulfur content.
4. The system of claim 1, wherein said first section of said economizer and said
second section of said economizer are arranged in parallel relative to said exhaust gas
flow.
5. The system of claim 1, wherein said first section of said economizer and said
second section of said economizer are arranged in series relative to said exhaust gas
flow.
6. The system of claim 1, wherein said third section of said economizer and said
fourth section of said economizer are arranged in parallel relative to said exhaust gas
flow.
7. The system of claim 1, wherein said third section of said economizer and said
fourth section of said economizer are arranged in series relative to said exhaust gas
flow.
8. The system of claim 1, wherein said plurality of valves includes:

a first three-way valve positioned between an upstream face of said first
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section of said economizer, an upstream face of said third section of said economizer,
and said hot input of said heat exchanger;

a second three-way valve positioned between an upstream face of said first
section of said economizer, an upstream face of said second section of said
economizer, and a downstream face of said third section of said economizer; and

a first two-way valve positioned between an upstream face of said third
section of said economizer and an upstream face of said fourth section of said
economizer.

9. The system of claim 8, wherein said plurality of valves further includes a bypass
valve which allows for said feedwater to either:

enter the cold input of said heat exchanger; or

bypass said economizer.

10. The system of claim 1, wherein said feedwater entering said cold input is between
about 90° F and about 100° F.

11. The system of claim 10, wherein, when said valves are in said first configuration,
said feedwater entering said first section of said economizer is above 140° F.

12. The system of claim 1, wherein said system is part of a heat recovery steam
generator (HRSG).

13. The system of claim 1, wherein after said feedwater has passed through either
said first configuration or said second configuration, said feedwater is passed to a low
pressure evaporator.

14. A method for controlling the flow of a liquid through a device for exchanging
heat between a gas and a liquid, the method comprising:

providing a device for exchanging heat between a gas and a liquid, the device

including:
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an economizer including:
a first section;
a second section;
a third section; and
a fourth section;
wherein said first section, said second section, said third
section, and said fourth section are within said gas flow;
a heat exchanger which is not within said exhaust gas flow and having
a cold input and hot input;
using said device in a first configuration wherein liquid passes through the
components of the device in the following order:
a) said cold input of said heat exchanger;
b) said first section of said economizer;
¢) said hot input of said heat exchanger;
d) said second section of said economizer; and
¢) said third and said fourth section of said economizer in any order;
when a first exhaust gas forms said exhaust gas flow; and
using said device in a second configuration wherein liquid passes through the
components of the device in the following order:
a) said cold input of said heat exchanger;
b) said first section of said economizer;
¢) said third section of said economizer;
d) said hot input of said heat exchanger;
¢) said second section of said economizer; and

f) said fourth section of said economizer;
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when a second exhaust gas, different from said first exhaust gas, forms
said exhaust gas flow.

15. The method of claim 14, wherein said first exhaust gas is exhaust gas from the
combustion of natural gas and said second exhaust gas is exhaust gas from the
combustion of #2 fuel oil.
16. The method of claim 14, wherein said first exhaust gas has a relatively lower
sulfur content than said second exhaust gas.
17. The method of claim 14, wherein said first section of said economizer and said
second section of said economizer are arranged in parallel relative to said exhaust gas
flow.
18. The method of claim 14, wherein said first section of said economizer and said
second section of said economizer are arranged in series relative to said exhaust gas
flow.
19. The method of claim 14, wherein said third t section of said economizer and said
fourth section of said economizer are arranged in parallel relative to said exhaust gas
flow.
20. The method of claim 14, wherein said third section of said economizer and said
fourth section of said economizer are arranged in series relative to said exhaust gas
flow.
21. The method of claim 14, wherein said liquid entering said cold input is between
about 90° F and about 100° F.
22. The method of claim 14, wherein, in said first configuration, said liquid entering
said first section of said economizer is above 140°F.
23. The method of claim 14, wherein, in said second configuration, said liquid

entering said first section of said economizer is above 230° F
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24. The method of claim 14, wherein said method is performed in a heat recovery

steam generator (HRSG).
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