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BOTTOMING CYCLE POWER SYSTEM

TECHNICAL FIELD
[0001] The present invention relates to systems for delivering power. More
specifically, the invention relates to a bottoming cycle power system for delivering
power, such as mechanical or electrical power.

BACKGROUND
[0002]

One of the most challenging aspects of today’s energy technologies is to

effectively convert waste heat from a combustion process of an internal combustion
engine into useable power. Such power can be in the form of electrical or mechanical
power for use in stationary and/or mobile applications.

[0003]

Methods of converting waste heat into useful forms of energy are

commonly referred to as bottoming cycles. Systems that utilize a bottoming cycle to
provide power are referred to herein as bottoming cycle power systems.

[0004]

Systems that utilize a fuel combustion process in an internal combustion

engine (such as a piston engine or a turbine engine) as the motive force to drive a
crankshaft for providing power are referred to herein as primary power systems. In
most primary power systems the efficiency of the system ranges from below 30% to a
high of almost 50%. This means that the majority of energy contained in the fuel is
lost in the form of heat to the atmosphere through either the cooling circuit or exhaust
of the internal combustion engine.

[0005] However, the waste energy or exhaust gas from the internal combustion
engine of a primary power system may be utilized as the energy input for a bottoming
cycle power system. If enough useful work can be recovered from such a bottoming
cycle power system, the bottoming cycle power system could then be used to
supplement the output of the primary power system for a more efficient overall
system output.
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[0006] One type of bottoming cycle is known as an inverted Brayton cycle. The
inverted Brayton cycle typically includes an expansion turbine that receives a flow of
exhaust gas from a combustion process of an internal combustion engine. The exhaust
gas carries a significant amount of energy. However the flow of exhaust gas is
typically only at, or slightly above, atmospheric pressure. For example, the exhaust
pressure may only a few pounds per square inch (psi) above atmospheric pressure.
This makes recovering useful work difficult.

[0007] In the inverted Brayton cycle, the exhaust gas flows through an expansion
turbine (or expander) where it typically exits the expander at below atmospheric
pressures (or vacuum pressures). The vacuum pressures are caused by a compression
turbine (or compressor), which is the final step in the inverted Brayton cycle. That is,
the exhaust gas enters the compressor where it is pumped back to atmospheric
pressure. The amount of energy recovered from an inverted Brayton cycle is the
energy produced by the expander minus the energy consumed by the compressor.
Therefore, the less work needed by the compressor to compress the expanded volume
of exhaust gas the higher the net-work produced from the inverted Brayton cycle.

[0008] Various prior art cooling systems can be utilized to reduce the volume of
exhaust gas prior to entering the compressor in an inverted Brayton cycle and
therefore, reduce the amount of work required by the compressor to compress the
exhaust gas. Problematically however, these cooling systems consume a significant
amount of energy due to pumps and/or other energy consuming devices needed to
circulate coolants through the cooling system.

[0009] Further, the exhaust gas of an internal combustion engine contains a
significant amount of water vapor as a naturally occurring by-product of the
combustion process. Problematically, the water vapor has a relatively high specific
volume and mass, which causes an unwanted burden on the compression work of the
compressor in the inverted Brayton cycle.
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[0010] Accordingly, there is a need for an inverted Brayton bottoming cycle wherein
the volume of flow of exhaust gas is significantly and efficiently reduced after exiting
the expander and prior to entering the compressor. More specifically, there is a need
to reduce the work required of the compressor in an inverted Brayton bottoming cycle
power system to increase the overall efficiency of that bottoming cycle power system.
Further there is a need to efficiently decrease the volume and mass of water vapor in a
flow of exhaust gas prior to entering the compressor of an inverted Brayton bottoming
cycle power system.

BRIEF DESCRIPTION
[0011] The present invention offers advantages and alternatives over the prior art by
providing a bottoming cycle power system for receiving a flow of exhaust gas from a
combustion process of a primary power system. The bottoming cycle power system
includes an absorption chiller system which has a generator section and an evaporator
section. The generator section removes heat from the flow of exhaust gas and uses it
to further cool the same flow of exhaust gas in the evaporator section to provide a two
stage cooling process. Additionally the two stage cooling process may condense out
water vapor from the flow of exhaust gas to significantly reduce the volume and mass
of the exhaust gas.

[0012] A bottoming cycle power system in accordance with one or more aspects of
the present invention includes an expander disposed on an expander crankshaft. The
expander is operable to receive and expand a flow of exhaust gas from a combustion
process. The expander is operable to rotate the expander crankshaft as the exhaust gas
passes through the expander. The bottoming cycle power system also includes an
absorption chiller system having a generator section and an evaporator section. The
generator section has a first heat exchanger to receive the flow of exhaust gas from
the expander. The generator section is operable to remove heat from the exhaust gas
as the exhaust gas passes through the first heat exchanger. The evaporator section has
a second heat exchanger to receive the flow of exhaust gas from the generator section.
The evaporator section is operable to remove heat from the exhaust gas as the exhaust
gas passes through the second heat exchanger. The bottoming cycle power system
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also includes a compressor disposed on the expander crankshaft and operatively
connected to the flow of exhaust gas. The compressor is operable to compress the
exhaust gas after the exhaust gas has passed through the second heat exchanger when
the expander crankshaft is rotated by the expander.

[0013] A combined power system in accordance with one or more aspects of the
present invention includes a primary power system and a bottoming cycle power
system. The primary power system includes an internal combustion engine having a
rotatable engine crankshaft. The engine is operable to use fuel in a combustion
process to deliver primary power to the engine crankshaft. The combustion process
produces a flow of exhaust gas. The bottoming cycle power system includes an
expander disposed on a rotatable expander crankshaft. The expander is operable to
receive and expand the flow of exhaust gas from the combustion process. The
expander is operable to rotate the expander crankshaft as the exhaust gas passes
through the expander and to deliver bottoming cycle power to the expander
crankshaft. The bottoming cycle power system also includes an absorption chiller
system having a generator section and an evaporator section. The generator section
has a first heat exchanger to receive the flow of exhaust gas from the expander. The
generator section is operable to remove heat from the exhaust gas as the exhaust gas
passes through the first heat exchanger. The evaporator section has a second heat
exchanger to receive the flow of exhaust gas from the generator section. The
evaporator section is operable to remove heat from the exhaust gas as the exhaust gas
passes through the second heat exchanger. The bottoming cycle power system also
includes a compressor disposed on the expander crankshaft and operatively connected
to the flow of exhaust gas. The compressor is operable to compress the exhaust gas
after the exhaust gas has passed through the second heat exchanger when the
expander crankshaft is rotated by the expander.

DRAWINGS
[0014] The invention will be more fully understood from the following detailed
description taken in conjunction with the accompanying drawings, in which:
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[0015] FIG. 1 is a schematic of an exemplary embodiment of a combined power
system having a primary power system and a bottoming cycle power system in
accordance with the present invention; and

[0016] FIG. 2 is a schematic of an alternative exemplary embodiment of a combined
power system having a primary power system and a bottoming cycle power system in
accordance with the present invention.

DETAILED DESCRIPTION
[0017] Certain exemplary embodiments will now be described to provide an overall
understanding of the principles of the structure, function, manufacture, and use of the
methods, systems, and devices disclosed herein. One or more examples of these
embodiments are illustrated in the accompanying drawings. Those skilled in the art
will understand that the methods, systems, and devices specifically described herein
and illustrated in the accompanying drawings are non-limiting exemplary
embodiments and that the scope of the present invention is defined solely by the
claims. The features illustrated or described in connection with one exemplary
embodiment may be combined with the features of other embodiments. Such
modifications and variations are intended to be included within the scope of the
present invention.

[0018] Referring to FIG. 1, a schematic of an exemplary embodiment of a combined
power system 100 for generating power in accordance with the present invention is
presented. The combined power system 100 includes a primary power system 104 and
a bottoming cycle power system 106. In this embodiment, the bottoming cycle power
system 106 is an inverted Brayton bottoming cycle power system 106.

[0019] Also, in this specific embodiment, the combined power system 100, primary
power system 104 and bottoming cycle power system 106 are configured to generate
electrical power to a grid (i.e., an interconnect network for delivering electricity from
producers to consumers). However, it is within the scope of the present invention, that
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the power systems 100, 104 and 106 could be used to provide mechanical power as
well.

[0020] Moreover, such power systems of the present invention may be used in both
stationary applications and mobile applications. Examples of such stationary
applications include electric generator systems for delivering electric power to a grid,
electric generator systems for delivering electric power to a building, mechanical
power systems for delivering mechanical power for an industrial manufacturing
process or the like. Examples of such mobile applications include mechanical power
systems for delivering mechanical power to a motor vehicle, electrical power systems
for delivering electrical power to an electric vehicle or the like.

[0021] The primary power system 104 includes an internal combustion engine 108
having an engine crankshaft 110 that is operatively connected to a primary electric
generator 112. The internal combustion engine 108 may include a turbine engine, a
piston engine or similar. The engine 108 utilizes fuel in a combustion process as the
motive force that rotates the engine crankshaft 110 and the primary electric generator
112 to generate a first electrical output. The first electrical output operatively conducts
electric power along a first conductive path 114 to the grid 102.

[0022] Also, as will be discussed in greater detail herein, the bottoming cycle power
system 106 generates a second electrical output. The second electrical output
operatively conducts electric power along a second conductive path 116 to the grid
102. The first and second electrical outputs supplement each other to increase the
efficiency of the combined power system 100.

[0023] The bottoming cycle power system 106 includes an expander 118 disposed on
an expander crankshaft 120. The expander 118 is operable to receive and expand a
flow of exhaust gas 122 from the combustion process of the internal combustion
engine 108. The expander 118 is operable to rotate the expander crankshaft 120 as the
exhaust gas 122 passes through the expander 118.
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[0024] A compressor 124 (typically a turbine compressor or similar) is also disposed
on the expander crankshaft 120. The compressor 124 is operatively connected to the
flow of exhaust gas 122 and is operable to compress the exhaust gas 122 after it has
passed through the expander 118. Additionally, the compressor 124 pulls a vacuum on
the output side of the expander 118 to increase a pressure difference across the
expander 118. The increased pressure difference enhances the expansion of the flow
of exhaust gas 122 through the expander in order to convert as much energy in the
exhaust gas into usable work on the expander crankshaft 120.

[0025] A bottoming cycle generator 126 is also disposed on the expander crankshaft
120. The bottoming cycle generator 126 is operable to generate electrical power when
the expander crankshaft 120 is rotated by the expander 118. In other words, the
bottoming cycle generator 126 generates the second electrical output of the bottoming
cycle power system 106 that is conducted to the grid 102 along the second conductive
path 116.

[0026] In this exemplary embodiment, the primary electric generator 112 is disposed
on the engine crankshaft 110 and the bottoming cycle generator 126 is disposed on the
expander crankshaft 120. Both generators 112, 126 are utilized to deliver electric
power. However, it is within the scope of the present invention to replace the primary
electric generator 112 and the bottoming cycle generator 126 with alternative
mechanical systems disposed on the engine crankshaft 110 and the expander
crankshaft 120 for delivering mechanical power. For example, a system of gears or a
transmission system disposed on the engine crankshaft 110 and the expander
crankshaft 120 may be utilized to drive machinery in a stationary industrial
application or a motor vehicle in a mobile application.

[0027] The bottoming cycle power system 106 also includes an absorption chiller
system 128 to provide a unique two stage cooling process on the flow of exhaust gas
122. The two stage cooling process reduces the volume of exhaust gas 122 prior to
entering the turbine compressor 124, therefore significantly reducing the amount of
work that the compressor 124 has to perform on the exhaust gas 122.
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[0028] Additionally, in some embodiments, the cooling process of the absorption
chiller system 128 reduces the temperature of the exhaust gas below a condensation
temperature of water vapor dispose in the exhaust gas 122. As such the water vapor
condenses out of the exhaust gas 122 in the form of condensed water 130 before the
exhaust gas 122 enters the compressor 124. This also significantly reduces both the
mass and volume of the flow of exhaust gas 122, which further reduces work required
of the compressor 124 and increases the overall efficiency of the bottoming cycle
power system 106.

[0029] Further, as will be described in greater detail herein, the two stage cooling
process of this absorption chiller system 128 uniquely utilizes the heat removed from
the flow of exhaust gas 122 in the first stage to cool the same flow of exhaust gas 122
in the second stage. That is, the heat removed from the flow of exhaust gas 122 in the
first stage provides the motive force that drives refrigerant into the second stage to
cool the same flow of exhaust gas a second time.

[0030] More specifically, the absorption chiller system 128 includes four main
sections. They are a generator section 132, a condenser section 134, an evaporator
section 136 and an absorber section 138.

[0031] The two stage cooling process of the exhaust gas 122 is performed in the
generator section 132 and the evaporator section 136. More specifically, the generator
section 132 includes a first heat exchanger 140 to receive the flow of exhaust gas 122
from the expander 118. The generator section 132 is operable to remove heat from the
exhaust gas 122 as the exhaust gas passes through the first heat exchanger 140. The
output of the first heat exchanger 140 of generator section 132 is in fluid
communication with the input of a second heat exchanger 142 of the evaporator
section 136. Therefore, once the exhaust gas passes through the generator section 132,
it flows into the evaporator section 136.
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[0032] The evaporator section 136 includes the second heat exchanger 142 to receive
the flow of exhaust gas 122 from the generator section 132. The evaporator section
142 is operable to remove heat from the exhaust gas 122 as the exhaust gas passes
through the second heat exchanger 142. The output of the second heat exchanger 142
of evaporator section 136 is in fluid communication with the input of the turbine
compressor 124. Therefore, once the exhaust gas passes through the evaporator
section 136, it flows into the compressor 124 where it is compressed back to
atmospheric pressure and released to the atmosphere.

[0033] The first and second heat exchangers 140, 142 in this embodiment are simple
coils of tubing that funnel the exhaust gas through the generator section 132 and
evaporator section 136 in sequence. The heat of the exhaust gas 122 is then
transferred directly from the first and second heat exchangers 140, 142 into the
generator section 132 and the evaporator section 136 respectively.

[0034] However, it is within the scope of the present invention that the first and
second heat exchanges 140, 142 may also be other configurations as well. For
example, the heat exchangers 140, 142 may be more complex heat exchanger
systems, which may utilize coolant pumps to circulate chilled water (or other coolant)
between the exhaust gas 122 and the generator section 132 and/or the evaporator
section 136. The chilled water could then remove the heat from the exhaust gas 122
and transfer it indirectly into the generator section 132 and/or evaporator section 136.

[0035] During operation, the exhaust gas 122 from the internal combustion engine
108 enters and expands in the expander 118. By way of example, the exhaust gas
could enter the expander at about 700 to 900 degrees Fahrenheit (F) and about 10 psi
above atmospheric pressure. By doing so, the exhaust gas 122 does work by initiating
rotation of the expander crankshaft 120 which rotates the turbine compressor 124 and
the bottoming cycle generator 126. Rotation of the turbine compressor 124 results in a
vacuum (for example, 10 psi below atmospheric pressure) being pulled on the exhaust
gas 122 as it passes through the expander 118.
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[0036] The exhaust gas 122 then flows into the first heat exchanger 140 of the
absorption chiller system 128. The exhaust gas 122 has cooled somewhat due to the
work it has performed on the expander crankshaft 120. For example, the exhaust gas
122 could be at about 400 to 600 degrees F as it enters the generator section 132.

[0037] As the exhaust gas 122 passes through the first heat exchanger 140 it transfers
heat into the generator section 132 and cools even further. For example, the exhaust
gas 122 could cool to about 100 to 300 degrees F as it flows out of the generator
section 132 and into the second heat exchanger 142 of the evaporator section 136.

[0038] The heat removed from the exhaust gas 122 by the generator section 132 boils
a first refrigerant solution 144 to produce a first flow of steam 146 in the generator
section 132. The first refrigerant solution 144 is generally a solution of salt and water
or a solution of ammonia and water, although other refrigerant solutions that meet the
thermodynamic requirements of the absorption chiller system 128 can also be used. In
this specific embodiment, the first refrigerant solution 144 is a brine solution of
lithium bromide and water.

[0039] Once the first flow of steam 146 has evaporated out of the first refrigerant
solution 144, it flows into the condenser section 134 of the absorption chiller system
128. The condenser section 134 and generator section 132 are almost always located
above the evaporator section 136 and absorber section 138 of the absorption chiller
system 128. The condenser section 134 and generator section 132 are also maintained
at approximately the same pressure, which is a higher pressure than the evaporator
section 136 and absorber section 138. For example, the condenser and generator
sections 134, 132 are often maintained within a range of about atmospheric pressure
(i.e., 14.7 pounds per square inch absolute (psia)) to a vacuum pressure of about 4.9
psia. Whereas the evaporator and absorber sections are often maintained at a pressure
of about 0.12 psia or lower.

[0040] The condenser section 134 is operable to remove heat from the first flow of
steam 146 and condense the steam into a flow of liquid water 148. More specifically

11

in this embodiment, the condenser section 134 includes a set of condenser cooling
coils 150 that are in fluid communication with chilled water from a cooling tower
152. The cold condenser cooling coils 150 condense the steam 146 into the liquid
water 148, which collects at the bottom of the condenser section 134.

[0041] Though a cooling tower 152 is used in this embodiment to cool at least the
condensing coils 150 in the condenser section 134, it is within the scope of the present
invention to use other types of cooling systems as well. For example, in a mobile
vehicle application, a vehicle’s cooling system may be utilized to remove heat from
the cooling coils 150 and reject that heat through the vehicle’s radiator. Additionally,
in a stationary application, a variety of well-known stationary heat exchanger systems
may be used to remove the heat from at least the cooling coils 150.

[0042] The evaporator section 136 is in fluid communication with the liquid water
148 such that the liquid water 148 flows from the condenser section 134 through an
orifice 154 (or other types of a variety of well-known pressure regulating devices) and
into the evaporator section 136. The orifice provides and maintains a pressure
differential between a first pressure of the condenser section 134 and a second lower
pressure of the evaporator section 136. More specifically for this embodiment, the
condenser section 134 may be at a vacuum pressure of about 4.9 psia where water
boils at about 158 degrees F and the evaporator section 136 may be at a much deeper
vacuum pressure of about 0.12 psia where water boils at about 40 degrees F.

[0043] The pressure difference between the condenser section 134 and evaporator
section 136 flash cools the liquid water 148 as it enters the evaporator, which is
sprayed across the second heat exchanger 142. The liquid water 148 then removes
heat from the much hotter exhaust gas 122 which is passing through the second heat
exchanger 142.

[0044] Accordingly, the flow of liquid water 148 from the condenser section 134 is
evaporated in the lower pressure evaporator section 136 to produce a second flow of
steam 156, which flows from the generator section 136 to the absorber section 138.
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Further the exhaust gas 122 is cooled a second time in the evaporator section 136. By
way of example, since the liquid water 148 can boil at about 40 degrees F in the low
pressure evaporator section 136, the exhaust gas 122 may be further cooled down to
about 45 to 50 degrees F before it flows out of the evaporator section 142 and into the
turbine compressor 124.

[0045] The absorber section 138 is in fluid communication with the second flow of
steam 156 from the evaporator section 136. Additionally, the absorber section 138
contains a second refrigerant solution 158. The second refrigerant solution 158 has the
same molecular composition as the first refrigerant solution 144, but has a different
percentage of water.

[0046] The lithium bromide (or salt) in the second refrigerant solution 158 has a
strong chemical attraction for the second flow of steam 156 as the water and salt
naturally tend to combine in the absorber section 138. The attraction is so great, that it
helps to maintain the near total vacuum pressures of about 0.12 psia in the evaporator
and absorber sections 136, 138.

[0047] A solution pump 160 is in fluid communication with the first refrigerant
solution 144 and the second refrigerant solution 158. The solution pump 160 is
operable to pump the second refrigerant solution 158 in the absorber section 138 to
the first refrigerant solution 144 in the generator section 132.

[0048] Additionally in this embodiment, the first refrigerant solution 144 is gravity
fed through tubing 162 back down to the absorber section 138, where it is spayed on
absorber cooling coils 164 that are disposed within the absorber section 138. The
absorber cooling coils 164 are also cooled, in this embodiment, by chilled water from
the cooling tower 152 and are used to condense the second flow of steam 156 back
into liquid water which readily combines with the second refrigerant solution 158 to
complete a refrigerant solution circuit and the cooling cycle of the absorption chiller
system 128.
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[0049] It is important to note that, by flowing the exhaust gas through the first heat
exchanger 140 of the generator section 132 and then sequentially flowing the same
exhaust gas through the second heat exchanger 142 of the evaporator section 136, the
heat removed from the exhaust gas 122 in the generator section 132 is used to cool the
exhaust gas 122 in the evaporator section 136. More specifically, the heat energy
removed from the exhaust gas 122 in the generator section 132 evaporates a
refrigerant (i.e., water in its various states 146, 148 and 156 or the like) and provides
the motive force to drive that refrigerant through the entire cooling cycle of the
absorption chiller system 128. That refrigerant is utilized to uniquely cool the exhaust
gas 122 for a second time as it passes through the evaporator section 136.

[0050] Advantageously, this two stage process of cooling the exhaust gas 122
requires very little energy consuming prime moving devices (such as liquid pumps or
similar) to circulate the refrigerant. Therefore, by the time the exhaust gas 122 has
reached the compressor 124, the work required by the compressor to compress the
exhaust gas 122 back to atmospheric pressures has been significantly reduced at very
little cost in terms of energy required to provide the two stage cooling process.
Accordingly, the net power that can be generated by the bottoming cycle generator
126 is significantly enhanced.

[0051] It is also important to note that the exhaust gas 122 will always have a
significant component (for example between 5 and 10 percent by mass) of water
vapor in it as a natural by-product of the combustion process. Because of the large
specific volume and specific mass of water vapor, the water vapor has a major impact
on the overall volume and mass of the exhaust gas 122 (for example between about 10
and 15 percent by volume and between about 5 to 10 percent by mass).

[0052] Advantageously, the evaporator section 136 is operable to reduce the
temperature of the flow of exhaust gas 122 below a condensation temperature of
water vapor disposed in the exhaust gas 122 such that the water vapor condenses out
of the exhaust gas before the exhaust gas enters the compressor 124. For example, if
the evaporator section 136 is at a reduced pressure of 0.12 psia, the refrigerant water
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148 boils at about 40 degrees F. Accordingly the absorption chiller system 128 can be
sized to provide an exhaust gas 122 temperature of about 45 to 50 degrees F as it exits
the evaporator section 136.

[0053] Condensing the bulk of the water vapor out of the exhaust gas 122 greatly
reduces the mass and volume of the flow of the exhaust gas 122. For example, the
mass of the exhaust gas can be reduced by at least 5 to 10 percent when the water
vapor is condensed out of the exhaust gas in the evaporator section of the absorption
chiller. This can reduce the volume of the exhaust gas by at least 10 to 15 percent.
Both the reduction of mass and volume of the exhaust gas 122 greatly reduces the
amount of work that the compressor 124 has to do and greatly increase the efficiency
of the bottoming cycle power system 106.

[0054] The condensed water content of the exhaust gas 122 may be extracted from
the flow of exhaust gas 122 by a water separator system 166 prior to the exhaust gas
122 entering the turbine compressor 124. A water pump 168 can then pump the water
back to atmospheric pressure and into a tank 170 where the condensed water 130 can
collect.

[0055] Referring to FIG. 2, a schematic of an alternative exemplary embodiment of a
combined power system 200 for generating electric power in accordance with the
present invention is presented. The combined power system 200 is substantially the
same as the combined power system 100 of FIG. 1, accept for the addition of a third
heat exchanger 202 in the generator section 132 that is in fluid communication with
engine liquid coolant 204 from engine 108.

[0056] A significant amount of waste heat is removed from engine 108 though liquid
coolant 204 as well as through its exhaust gas 122. The liquid coolant 204 can be
pumped via liquid coolant pump 206 from the engine 108 to the generator section
132.
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[0057] In this alternative embodiment of the combined power system 200, the
generator section 132 of the absorption chiller 128 has a third heat exchanger 202 that
is connected to a flow of liquid coolant 204 from the engine 108 of the primary power
system 104. The generator section 132 is operable to remove heat from the liquid
coolant 204 as it passes through the third heat exchanger 202. The heat removed from
the liquid coolant 204 then supplements the heat removed from the flow of exhaust
gas 122 to boil the first refrigerant solution 144 in the generator section 132.

[0058] For example, the temperature of the liquid coolant 204, may only be about 180
to 200 degrees F. However, since the generator section 132 is under a vacuum
pressure of about 4.9 psia, the water in the first refrigerant solution 144 will boil at
about 158 degrees F. Therefore, the temperature of the liquid coolant 204 is sufficient
to produce at least a portion of the first flow of steam 146 that will be used as a
refrigerant to cool the exhaust gas 122 in the evaporator section 136.

[0059] The amount of heat energy from liquid coolant 204 can be significant. This is
especially the case when the internal combustion engine is a piston internal
combustion engine (piston engine) as opposed to a turbine internal combustion engine
(turbine engine). In a piston engine, the heat removed by the liquid coolant 204 can
equal or exceed the heat removed from the exhaust gas 122.

[0060] The additional heat energy from the liquid coolant 204 can supplement the
overall heat energy driving the absorption chiller system 128 to further reduce the
temperature of the exhaust gas 122 in the evaporator section 136. Additionally, the
additional heat energy from the liquid coolant 204 can be utilized to condense more
water vapor out of the exhaust gas 122 in the evaporator section 136.

[0061] In this embodiment, the third heat exchanger 202 is a set of cooling coils.
However, it is within the scope of the present invention that the third heat exchanger
202 may also be other configurations as well. For example, the third heat exchanger
202 may be a more complex heat exchanger system, which may utilize coolant pumps
to circulate chilled water (or other coolant) between the liquid coolant 204 and the
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generator section 132. The chilled water could then remove the heat from the liquid
coolant 204 and transfers it indirectly into the generator section 132.

[0062] Although the invention has been described by reference to specific
embodiments, it should be understood that numerous changes may be made within
the spirit and scope of the inventive concepts described. Accordingly, it is intended
that the invention not be limited to the described embodiments, but that it have the
full scope defined by the language of the following claims.
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CLAIMS
What is claimed is:
1.

A bottoming cycle power system comprising:
an expander disposed on an expander crankshaft, the expander operable to

receive and expand a flow of exhaust gas from a combustion process, the expander
operable to rotate the expander crankshaft as the exhaust gas passes through the
expander;
an absorption chiller system having:
a generator section having a first heat exchanger to receive the flow of
exhaust gas from the expander, the generator section operable to remove heat from the
exhaust gas as the exhaust gas passes through the first heat exchanger, and
an evaporator section having a second heat exchanger to receive the
flow of exhaust gas from the generator section, the evaporator section operable to
remove heat from the exhaust gas as the exhaust gas passes through the second heat
exchanger; and
a compressor disposed on the expander crankshaft and operatively connected
to the flow of exhaust gas, the compressor operable to compress the exhaust gas after
the exhaust gas has passed through the second heat exchanger when the expander
crankshaft is rotated by the expander.

2.

The bottoming cycle power system of claim 1 comprising a bottoming cycle

generator disposed on the expander crankshaft, the bottoming cycle generator
operable to generate electrical power when the expander crankshaft is rotated by the
expander.

3.

The bottoming cycle power system of claim 1 comprising the evaporator

section operable to reduce the temperature of the flow of exhaust gas below a
condensation temperature of water vapor disposed in the exhaust gas such that the
water vapor condenses out of the exhaust gas before the exhaust gas enters the
compressor.
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4.

The bottoming cycle power system of claim 1 wherein the heat removed from

the exhaust gas in the generator section evaporates a refrigerant that is used to cool
the exhaust gas in the evaporator section.

5.

The bottoming cycle power system of claim 1 wherein the heat removed from

the exhaust gas by the generator section boils a first refrigerant solution to produce a
first flow of steam in the generator section.

6.

The bottoming cycle power system of claim 5 wherein the first refrigerant

solution is one of a solution of salt and water and a solution of ammonia and water.

7.

The bottoming cycle power system of claim 5 wherein the absorption chiller

system includes a condenser section in fluid communication with the first flow of
steam from the generator section, the condenser section operable to remove heat from
the steam and condense the steam into a flow of liquid water.

8.

The bottoming cycle power section of claim 7 wherein the absorption chiller

system comprises:
the evaporator section being in fluid communication with the flow of liquid
water from the condenser section through an orifice, the orifice providing a pressure
differential between a first pressure of the condenser section and a second lower
pressure of the evaporator section; and
wherein the heat remove from the flow of exhaust gas by the evaporator
section evaporates the flow of liquid water from the condenser section to produce a
second flow of steam in the evaporator section.
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9.

The bottoming cycle power section of claim 8 wherein the absorption chiller

system comprises:
an absorber section in fluid communication with the second flow of steam
from the evaporator section, the absorber section containing a second refrigerant
solution; and
wherein the second flow of steam is absorbed into the second refrigerant
solution in the absorber section.

10.

The bottoming cycle power section of claim 9 wherein the absorption chiller

system comprises:
a solution pump in fluid communication with the first and second refrigerant
solutions, the solution pump operable to pump the second refrigerant solution in the
absorber section to the first refrigerant solution in the generator section.

11.

The bottoming cycle power system of claim 1 wherein the flow of exhaust gas

is from a combustion process of a primary power system.

12.

The bottoming cycle power system of claim 11 comprising:
the generator section having a third heat exchanger being connected to a flow

of liquid coolant from the primary power system, the generator section operable to
remove heat from the liquid coolant as it passes through the third heat exchanger; and
wherein the heat removed from the liquid coolant supplements the heat
removed from the flow of exhaust gas to boil the first refrigerant solution in the
generator section.

20

13.

The bottoming cycle power system of claim 3 wherein a mass flow of the

exhaust gas is reduce by at least 5 percent when the water vapor is condensed out of
the exhaust gas in the evaporator section of the absorption chiller.

14.

The bottoming cycle power system of claim 3 wherein a mass flow of the

exhaust gas is reduce by at least 10 percent when the water vapor is condensed out of
the exhaust gas in the evaporator section of the absorption chiller.

15.

The bottoming cycle power system of claim 3 wherein a volume flow of the

exhaust gas is reduce by at least 10 percent when the water vapor is condensed out of
the exhaust gas in the evaporator section of the absorption chiller.

16.

The bottoming cycle power system of claim 3 wherein a volume flow of the

exhaust gas is reduce by at least 15 percent when the water vapor is condensed out of
the exhaust gas in the evaporator section of the absorption chiller.
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17.

A combined power system comprising:
a primary power system including an internal combustion engine having a

rotatable engine crankshaft, the engine operable to use fuel in a combustion process to
deliver primary power to the engine crankshaft, the combustion process producing a
flow of exhaust gas; and
a bottoming cycle power system including:
an expander disposed on a rotatable expander crankshaft, the expander
operable to receive and expand the flow of exhaust gas from the combustion process,
the expander operable to rotate the expander crankshaft as the exhaust gas passes
through the expander and to deliver bottoming cycle power to the expander
crankshaft,
an absorption chiller system having:
a generator section having a first heat exchanger to receive the
flow of exhaust gas from the expander, the generator section operable to remove heat
from the exhaust gas as the exhaust gas passes through the first heat exchanger, and
an evaporator section having a second heat exchanger to
receive the flow of exhaust gas from the generator section, the evaporator section
operable to remove heat from the exhaust gas as the exhaust gas passes through the
second heat exchanger, and
a compressor disposed on the expander crankshaft and operatively
connected to the flow of exhaust gas, the compressor operable to compress the
exhaust gas after the exhaust gas has passed through the second heat exchanger when
the expander crankshaft is rotated by the expander.
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18.

The combined power system of claim 17 comprising:
a primary electric generator disposed on the engine crankshaft for delivering

electric power;
a bottoming cycle generator disposed on the expander crankshaft for
delivering electric power; and
wherein the electric power from the primary electric generator and the electric
power from the bottoming cycle generator combine to provide the total power output
of the combined power system.

19.

The bottoming cycle power system of claim 17 comprising the evaporator

section operable to reduce the temperature of the flow of exhaust gas below a
condensation temperature of water vapor disposed in the exhaust gas such that the
water vapor condenses out of the exhaust gas before the exhaust gas enters the
compressor.

20.

The bottoming cycle power system of claim 17 wherein the heat removed

from the exhaust gas in the generator section evaporates a refrigerant that is used to
cool the exhaust gas in the evaporator section.
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ABSTRACT OF THE DISCLOSURE
A bottoming cycle power system includes an expander disposed on a crankshaft. The
expander being operable to receive a flow of exhaust gas from a combustion process
and to rotate the crankshaft as the exhaust gas passes through. An absorption chiller
system has a generator section having a first heat exchanger to receive the flow of
exhaust gas from the expander and to remove heat from the exhaust gas after the
exhaust gas has passed through the expander. An evaporator section has a second heat
exchanger to receive the flow of exhaust gas from the generator section and to remove
heat from the exhaust gas after the exhaust gas has passed through the generator
section. A compressor is disposed on the crankshaft and connected to the flow of
exhaust gas. The compressor is operable to compress the exhaust gas after the exhaust
gas has passed through the second heat exchanger.
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