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Description

[0001] Waste heat is often created as a byproduct of
industrial processes where flowing streams of high-tem-
perature liquids, gases, or fluids must be exhausted into
the environment or removed in some way in an effort to
maintain the operating temperatures of the industrial
process equipment. Some industrial processes utilize
heat exchanger devices to capture and recycle waste
heat back into the process via other process streams.
However, the capturing and recycling of waste heat is
generally infeasible by industrial processes that utilize
high temperatures or have insufficient mass flow or other
unfavorable conditions.

[0002] Waste heatcan be converted into useful energy
by a variety of turbine generator or heat engine systems
that employ thermodynamic methods, such as Rankine
and Brayton cycles. Rankine cycles, Brayton cycles, and
similar thermodynamic methods are typically steam-
based processes that recover and utilize waste heat to
generate steam for driving a turbine, turbo, or other ex-
pander connected to an electric generator, a pump, or
other device.

[0003] An organic Rankine cycle utilizes a lower boil-
ing-point working fluid, instead of water, during a tradi-
tional Rankine cycle. Exemplary lower boiling-point work-
ing fluids include hydrocarbons, such as light hydrocar-
bons (e.g. , propane or butane) and halogenated hydro-
carbon, such as hydrochlorofluorocarbons (HCFCs) or
hydrofluorocarbons (H FCs) (e.g., R245fa). More recent-
ly, in view of issues such as thermal instability, toxicity,
flammability, and production cost of the lower boiling-
point working fluids, some thermodynamic cycles have
been modified to circulate no n-hydrocarbon working flu-
ids, such as ammonia.

[0004] Typically, in a heat engine system converting
waste heat into useful energy, heated working fluid uti-
lized therein is expanded in an expansion device, and
the expansion device may convert the thermal energy
into mechanical energy. The expanded working fluid may
be cooled in a condenser before entering a main com-
pressor of the heat engine system. Those of skill in the
art will appreciate that the pressure of the working fluid
at the inlet of the main compressor may affect the per-
formance and operation of the heat engine system. Ac-
cordingly, one such approach to control the pressure of
the working fluid at the inlet of the main compressor pro-
vides for the use of a pump and a storage tank including
additional working fluid. The additional working fluid from
the storage tank may be supplied to the heat engine sys-
tem via the pump to increase the pressure of the working
fluid at the inlet of the main compressor as needed. How-
ever, such an approach, while effective, may be imprac-
tical based on the allotted space for the heat engine sys-
tem and the required size of the storage tank to contain
enough additional working fluid to adequately control the
pressure of the working fluid at the inlet of the main com-
pressor. Further, such an approach requires a high head,
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high flowrate pump, which increases the complexity and
time required to start up and also the operating costs and
maintenance of the heat engine system.

[0005] Therefore, there is a need for a system and
method for controlling the pressure of the working fluid
at the inlet of the main compressor or pump of the heat
engine system which reduces the footprint of the heat
engine system and maximizes the efficiency of trans-
forming thermal energy to mechanical and/or electrical
energy.

[0006] US 2011/0066298 A1 relates to an optimization
and control system for a utility plant that uses fan based
air cooled condensers that control the operation of the
power generation system at the plant in conjunction with
the operation of the air cooled condensers so as to run
the power plant at an optimum operating point associated
with minimizing or reducing the cost of each kilowatt-hour
of energy or other useful energy produced by the plant.
The optimization and control system includes an optimiz-
er having a numerical solver that determines values for
a set of control variables associated with an optimal op-
erating point of the plant and an expert system that over-
sees and modifies the control variable settings prior to
providing these settings to a plant controller. The numer-
ical solver uses an objective function and one or more
models of plant equipment to determine the operating
point of the plant that minimizes the cost per unit of useful
energy generated by the plant. As part of determining
the optimal plant operating point, the numerical solver
may determine the number of fans to run within the air
cooled condensers of the plant and/or the speed of the
fans to use in the air cooled condensers in conjunction
with the amount of fuel to burn in the boiler, the desired
temperature ofthe steamatthe input of the steam turbine,
etc., all required to produce a given amount of power
(load demand) at the particular environmental conditions
currently experienced at the plant. The expert system
may modify these outputs by determining which fans to
actually use at any particular time based on, for example,
the availability of or the operational status of the fans,
the wear of the fans and fan motors, etc.

[0007] US2011/041502 A1 relates toaclosed Rankine
cycle power plant using an organic working fluid that in-
cludes a solar trough collector for heating an organic
working fluid, a flash vaporizer for vaporizing the heated
organic working fluid, a turbine receiving and expanding
the vaporized organic working fluid for producing power
or electricity, a condenser for condensing the expanded
organic working fluid and a pump for circulating the con-
densed organic working fluid to the solar trough collector.
Heated organic working fluid in the flash vaporizer that
is not vaporized is returned to the solar trough collector.
[0008] US 2011/0203278 A1 relates to a waste heat
recovery plant control system that includes a program-
mable controller configured to generate expander speed
control signals, expander inlet guide vane pitch control
signals, fan speed control signals, pump speed control
signals, and valve position control signals in response to
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an algorithmic optimization software to substantially
maximize power output or efficiency of a waste heat re-
covery plant based on organic Rankine cycles, during
mismatching temperature levels of external heat
source(s), during changing heat loads coming from the
heat sources, and during changing ambient conditions
and working fluid properties.

[0009] WO 2011/011831 A1 relates to a cooling as-
sembly for a thermal power plant that comprises an air
cooling tower and a solar refrigeration unit. The air cool-
ing tower is operable to decrease the temperature of a
working fluid of the thermal power plant to a first temper-
ature by heat exchange with ambient air. The refrigera-
tion unit is operable to further decrease the temperature
of the working fluid to a second temperature. The solar
refrigeration unit includes a solar collector to drive the
solarrefrigeration in an absorption refrigeration cycle dur-
ing the day.

[0010] Embodiments of the disclosure may provide a
heatengine system. The heatengine system may include
a control system and a working fluid circuit configured to
flow aworking fluid therethrough. The working fluid circuit
may include a waste heat exchanger, an expansion de-
vice, a recuperator, a main pressurization device, and a
heat exchanger assembly. The waste heat exchanger
may be configured to be in fluid communication and in
thermal communication with a heat source stream, and
to transfer thermal energy from the heat source stream
to the working fluid. The expansion device may be dis-
posed downstream from and in fluid communication with
the waste heat exchanger and configured to convert a
pressure drop in the working fluid to mechanical energy.
The recuperator may be disposed upstream of and in
fluid communication with the waste heat exchanger and
disposed downstream from and in fluid communication
with the expansion device. The main pressurization de-
vice may be disposed upstream of and in fluid commu-
nication with the recuperator and configured to pressu-
rize and circulate the working fluid within the working fluid
circuit. The heat exchanger assembly may be disposed
upstream of and in fluid communication with the main
pressurization device and disposed downstream from
andin fluid communication with the recuperator. The heat
exchanger assembly may include a plurality of gas-
cooled heatexchangers, a plurality of fans, and a plurality
of drivers. The plurality of gas- cooled heat exchangers
may be configured to transfer thermal energy from the
working fluid to a cooling medium. The plurality of fans
may be configured to direct the cooling medium into con-
tact with the plurality of gas-cooled heat exchangers.
Each driver of the plurality of drivers may be configured
to drive arespective fan of the plurality of fans. The control
system may be communicatively coupled to the heat ex-
changer assembly and configured to modulate a rota-
tional speed of at least one fan of the plurality of fans to
control a pressure of the working fluid at an inlet of the
main pressurization device.

[0011] Embodiments of the disclosure may further pro-
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vide a heat engine system. The heat engine system may
include a main controller and a working fluid circuit de-
vice, and a heat exchanger assembly. The waste heat
exchanger may be configured to be in fluid communica-
tion and in thermal communication with a heat source
stream, and to transfer thermal energy from the heat
source stream to the working fluid. The expansion device
may be disposed downstream from and in fluid commu-
nication with the waste heat exchanger and configured
to converta pressure drop in the working fluid to mechan-
ical energy. The recuperator may be disposed upstream
of and in fluid communication with the waste heat ex-
changer and disposed downstream from and in fluid com-
munication with the expansion device. The main pres-
surization device may be disposed upstream of and in
fluid communication with the recuperator and configured
to pressurize and circulate the working fluid within the
working fluid circuit. The heat exchanger assembly may
be disposed upstream of and in fluid communication with
the main pressurization device and disposed down-
stream from and in fluid communication with the recu-
perator. The heat exchanger assembly may include an
inlet manifold, an outlet manifold, a plurality of air-cooled
heat exchangers, a plurality of fans, a plurality of drivers,
and a plurality of driver controllers. The inlet manifold
may be in fluid communication with the recuperator, and
the outlet manifold may be in fluid communication with
the main pressurization device. The plurality of air-cooled
heat exchangers may be fluidly connected to the inlet
manifold and the outlet manifold and arranged in parallel
with one another. The plurality of air-cooled heat ex-
changers may also be configured to transfer thermal en-
ergy from the working fluid to a cooling medium including
air. The plurality of fans may be configured to direct the
cooling medium into contact with the plurality of air-
cooled heat exchangers. Each driver of the plurality of
drivers may be configured to drive a respective fan of the
plurality of fans. Each driver controller of the plurality of
driver controllers may be operatively coupled to a respec-
tive driver and configured to modulate a rotational speed
of the respective fan. The main controller may be com-
municatively coupled to the plurality of drive controllers
and at least one sensor configured to detect a pressure
of the working fluid at an inlet of the main pressurization
device. The main controller may also be configured to
modulate the rotational speed of one or more of the fans
to control the pressure of the working fluid at an inlet of
the main pressurization device in response to the detect-
ed pressure.

[0012] Embodiments of the disclosure may further pro-
vide a method for controlling a pressure of a working fluid
at an inlet of the main pressurization device of a heat
engine system. The method may include circulating the
working fluid in a working fluid circuit of a heat engine
system via the main pressurization device. The method
may also include transferring thermal energy from a heat
source stream to the working fluid in a waste heat ex-
changer of the working fluid circuit. The method may fur-
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ther include expanding the working fluid in an expansion
device in fluid communication with the waste heat ex-
changer. The method may also include detecting the
pressure of the working fluid at the inlet of the main pres-
surization device of the working fluid circuit via one or
more sensors. The method may further include modulat-
ing a rotational speed of at least one fan configured to
direct a cooling medium in contact with a respective gas-
cooled heat exchanger of a plurality of gas-cooled heat
exchangers of a heat exchanger assembly of the working
fluid circuit. Modulating the rotational speed of the atleast
one fan may include adjusting a thermodynamic quality
or density of the working fluid flowing through the heat
exchanger assembly based on the detected pressure.
The method may also include feeding the working fluid
having the adjusted thermodynamic quality or density to
the inlet of the main pressurization device, thereby ad-
justing and controlling the pressure of the working fluid
at the inlet of the main pressurization device.

[0013] The presentdisclosure is best understood from
the following detailed description when read with the ac-
companying Figures. It is emphasized that, in accord-
ance with the standard practice in the industry, various
features are not drawn to scale. In fact, the dimensions
of the various features may be arbitrarily increased or
reduced for clarity of discussion.

Figure 1is a schematic of an exemplary heat engine
system, according to one or more embodiments dis-
closed herein.

Figure 2 is a schematic of another exemplary heat
engine system, according to one or more embodi-
ments disclosed herein.

Figure 3 is a schematic of another exemplary heat
engine system, according to one or more embodi-
ments disclosed herein.

Figure 4 is a schematic of another exemplary heat
engine system, according to one or more embodi-
ments disclosed herein.

Figure 5 is a schematic of another exemplary heat
engine system, according to one or more embodi-
ments disclosed herein.

Figure 6 is a flowchart depicting a method for con-
trolling the pressure of the working fluid at the inlet
of the compressor of the heat engine system, ac-
cording to one or more embodiments disclosed here-
in.

[0014] Itis to be understood that the following disclo-
sure describes several exemplary embodiments for im-
plementing different features, structures, or functions of
the invention. Exemplary embodiments of components,
arrangements, and configurations are described below
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to simplify the present disclosure; however, these exem-
plary embodiments are provided merely as examples and
are not intended to limit the scope of the invention. Ad-
ditionally, the present disclosure may repeat reference
numerals and/or letters in the various exemplary embod-
iments and across the Figures provided herein. This rep-
etition is for the purpose of simplicity and clarity and does
not in itself dictate a relationship between the various
exemplary embodiments and/or configurations dis-
cussed in the various Figures. Moreover, the formation
of a first feature over or on a second feature in the de-
scription that follows may include embodiments in which
the first and second features are formed in direct contact,
and may also include embodiments in which additional
features may be formed interposing the first and second
features, such that the first and second features may not
be in direct contact. Finally, the exemplary embodiments
presented below may be combined in any combination
of ways, i.e., any element from one exemplary embodi-
ment may be used in any other exemplary embodiment,
without departing from the scope of the disclosure.
[0015] Additionally, certain terms are used throughout
the following description and claims to refer to particular
components. As one skilled in the art will appreciate, var-
ious entities may refer to the same component by differ-
ent names, and as such, the naming convention for the
elements described herein is not intended to limit the
scope of the invention, unless otherwise specifically de-
fined herein. Further, the naming convention used herein
is not intended to distinguish between components that
differ in name but not function. Additionally, in the follow-
ing discussion and in the claims, the terms "including”
and "comprising" are used in an open-ended fashion,
and thus should be interpreted to mean "including, but
not limited to." All numerical values in this disclosure may
be exact or approximate values unless otherwise specif-
ically stated. Accordingly, various embodiments of the
disclosure may deviate from the numbers, values, and
ranges disclosed herein without departing from the in-
tended scope. Furthermore, as it is used in the claims or
specification, the term "or" is intended to encompass both
exclusive and inclusive cases, i.e., "A or B" is intended
to be synonymous with "at least one of A and B," unless
otherwise expressly specified herein.

[0016] Embodiments of the disclosure generally pro-
vide heat engine systems and methods for transforming
energy, such as generating mechanical energy and/or
electrical energy from thermal energy. The heat engine
systems, as described herein, are configured to efficient-
ly convert thermal energy of a heated stream (e.g., a
waste heat stream) into valuable mechanical energy
and/or electrical energy. The heat engine systems may
utilize the working fluid in a supercritical state (e.g., sc-
CO2) or subcritical state contained within the working
fluid circuit for capturing or otherwise absorbing thermal
energy of the waste heat stream with one or more waste
heat exchangers. The thermal energy may be trans-
formed to mechanical energy by an expansion device
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and subsequently transformed to electrical energy by a
generator coupled to the expansion device. The heat en-
gine systems further contain a control system and a heat
exchanger assembly utilizing the working fluid contained
in the working fluid circuit for controlling the pressure of
the working fluid at the inlet of a main pressurization de-
vice of each of the heat engine systems.

[0017] Turning now to the Figures, Figure 1 is a sche-
matic of an exemplary heat engine system 100, accord-
ing to one or more embodiments disclosed herein. The
heat engine system 100 is generally configured to en-
compass one or more elements of a Rankine cycle, a
derivative of a Rankine cycle, or another thermodynamic
cycle for generating electrical energy from a wide range
of thermal sources. To that end, the heat engine system
100 may include an expansion device 102, a recuperator
104, a heat exchanger assembly 106, a main pressuri-
zation device 108, and a waste heatexchanger 110 fluidly
coupled with one another to form a working fluid circuit
112. The working fluid circuit 112 contains a working fluid
for absorbing and transferring thermal energy to compo-
nents throughout the heat engine system 100. The work-
ing fluid circuit 112 may be configured to circulate the
working fluid through the expansion device 102, the re-
cuperator 104, the heat exchanger assembly 106, the
main pressurization device 108, and the waste heat ex-
changer 110.

[0018] The working fluid circuit 112 may generally have
a high pressure side and a low pressure side and may
be configured to flow the working fluid through the high
pressure side and the low pressure side. As shown in
the embodiment of Figure 1, the high pressure side may
extend along the flow path of the working fluid from the
main pressurization device 108 to the expansion device
102, and the low pressure side may extend along the
flow path of the working fluid from the expansion device
102 to the main pressurization device 108. In some em-
bodiments, working fluid may be transferred from the low
pressure side to the high pressure side via a pump by-
pass valve (not shown).

[0019] The thermal energy utilized to generate the me-
chanical and/or electrical energy may be provided via a
waste heat source 114 thermally coupled to the waste
heat exchanger 110. The waste heat source 114 may be
a stream or exhaust from another system (none shown),
such as a system including a gas turbine, furnace, boiler,
combustor, nuclear reactor, or the like. Additionally, the
waste heat source 114 may be a renewable energy plant,
such as a solar heater, geothermal source, or the like.
The waste heat exchanger 110 may be configured to
transfer thermal energy from waste heat emitted from the
waste heat source 114 to the working fluid flowing there-
through, thereby heating the working fluid to a high-tem-
perature, high-pressure working fluid.

[0020] The expansion device 102 may be fluidly cou-
pled to and downstream from the waste heat exchanger
110 via line 116 and configured to receive the high-tem-
perature, high-pressure working fluid discharged there-
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from. The expansion device 102 may be configured to
convert thermal energy stored in the working fluid into
rotational energy, which may be employed to power a
generator (not shown). As such, the expansion device
102 may be referred to as a power turbine; however, the
expansion device 102 may be coupled to other devices
in lieu of or in addition to the generator and/or may be
used to drive other components of the heat engine sys-
tem 100 (e.g., the main pressurization device 108) or
other systems (not shown). Further, the expansion de-
vice 102 may be any suitable expander, such as an axial
or radial flow, single or multi-stage, impulse or reaction
turbine. The working fluid may also be cooled in the ex-
pansion device 102; however, in some embodiments the
temperature may remain close to the temperature of the
working fluid upstream of the expansion device 102. Ac-
cordingly, after pressure reduction, and a limited amount
of temperature reduction, the working fluid may exit the
expansion device 102 as a high-temperature, low-pres-
sure working fluid.

[0021] The recuperator 104 may be any suitable type
of heat exchanger, such as a shell-and-tube, plate, fin,
printed circuit, or other type of heat exchanger. In one or
more embodiments, the recuperator 104 may include at
least a heating portion forming part of the high pressure
side of the working fluid circuit 112 and a cooling portion
forming part of the low pressure side of the working fluid
circuit 112. To that end, as shown in Figure 1, the cooling
portion of the recuperator 104 may be fluidly coupled to
and disposed downstream of the expansion device 102
via line 118 and upstream of the heat exchanger assem-
bly 106 via line 120. As will be discussed in more detail
below, the heating portion of the recuperator 104 may be
fluidly coupled to and disposed downstream of the main
pressurization device 108 via line 122 and upstream of
the waste heat exchanger 110 via line 124. The cooling
portion of the recuperator 104 may be configured to trans-
fer at least a portion of the thermal energy in the high-
temperature, low-pressure working fluid discharged from
the expansion device 102 to another flow of high-pres-
sure working fluid in the heating portion of the recuperator
104, as will be described below. Thus, the flow of working
fluid in the cooling portion of the recuperator 104 may be
reduced in temperature, resulting in a low/intermediate-
temperature, low-pressure working fluid being dis-
charged from the cooling portion of the recuperator 104.
[0022] The heat exchanger assembly 106 may be flu-
idly coupled to and disposed downstream from the cool-
ing portion of the recuperator 104 via line 120 and up-
stream of the main pressurization device 108 via line 126.
The heat exchanger assembly 106 may be configured to
control the pressure of the working fluid at an inlet 128
of the main pressurization device 108, thereby allowing
for a faster start up and an improved and efficient oper-
ation of the heat engine system 100 within a compact
footprint. The heat exchanger assembly 106 may further
be configured to store a portion of the working fluid in the
working fluid circuit 112 while the heat engine system
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100 is in stand-by mode, i.e., during periods of inopera-
tiveness. As configured, the heat engine system 100 al-
lows for the removal of or the reduction in size of an ex-
ternal storage tank (not shown) for additional working
fluid for use in the operation of the heat engine system
100.

[0023] As shown in Figure 1, the heat exchanger as-
sembly 106 may include an inlet manifold 130, outlet
manifold 132, a plurality of gas-cooled heat exchangers
(four shown 134a-d), a plurality of fans (four shown 136a-
d), a plurality of driver controllers (four shown 138a-d),
and a plurality of drivers (four shown 140a-d). The inlet
manifold 130 may be fluidly coupled with and disposed
downstream from the cooling portion of the recuperator
104 via line 120 and upstream of the gas-cooled heat
exchangers 134a-d via respective lines 142a-d. The inlet
manifold 130 may be configured to receive and split the
low/intermediate-temperature, low-pressure working flu-
id being discharged from the cooling portion of the recu-
perator 104 into respective flow portions of the working
fluid. As shown in Figure 1, the gas-cooled heat exchang-
ers 134a-d may be arranged in parallel with one another.
In one or more embodiments, the respective flow portions
may be substantially the same. In other embodiments,
the respective flow portions may differ depending on fac-
tors, such as, for example, the flow capacity or other op-
erational parameters of the respective gas-cooled heat
exchangers 134a-d.

[0024] Each of the gas-cooled heat exchangers 134a-
d may be a fin fan heat exchanger or air-cooled heat
exchanger and may be configured to increase or de-
crease the thermodynamic quality (i.e., the amount of
vapor) or density of the respective portion of the working
fluid flowing therethrough. Although four gas-cooled heat
exchangers 134a-d are shown in Figure 1, the present
disclosure is not limited thereto, as the number of gas-
cooled heat exchangers 134a-d utilized may depend,
amongst other factors, on the amount of mechanical en-
ergy and/or electrical energy generated in the heat en-
gine system. Accordingly, for example, in heat engine
systems generating 10 MW of electricity, a heat engine
system of the present disclosure may include twenty or
more gas-cooled heat exchangers.

[0025] Each of the gas-cooled heat exchangers 134a-
d may be configured to cool the respective portion of the
working fluid flowing therethrough via a cooling medium
directed thereto via a respective fan 136a-d of the plu-
rality of fans 136a-d. In one or more embodiments, a
plenum (not shown) may be disposed between each fan
136a-d and a respective gas-cooled heat exchanger
134a-d and configured to direct the cooling medium to
and through tube bundles (not shown) of the gas-cooled
heat exchanger 134a-d. Within each gas-cooled heat ex-
changer 134a-d, the tube bundles may be coupled to
headers at both ends thereof, thereby allowing for the
working fluid to make several passes through each of the
gas-cooled heat exchangers 134a-d, as illustrated in Fig-
ure 1. The cooling medium may be ambient air in one or
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more embodiments. As shown in Figure 1, each of the
fans 136a-d may be forced draft, as the cooling medium
may be pushed through the respective gas-cooled heat
exchanger 134a-d; however, the present disclosure is
not limited thereto, and in other embodiments, one or
more fans 136a-d may be induced draft, such that the
cooling medium is pulled through the respective gas-
cooled heat exchanger 134a-d.

[0026] Each of the fans 136a-d may be driven by a
respective driver 140a-d of the plurality of drivers 140a-
d. Each driver 140a-d may be a motor and more specif-
ically may be an electric motor, such as a permanent
magnet motor, and may include a stator (not shown) and
a rotor (not shown). It will be appreciated, however, that
other embodiments may employ other types of electric
motors including, but not limited to, synchronous motors,
induction motors, and brushed DC motors. As shown in
Figure 1, each of the drivers 140a-d may be operatively
coupled to a respective driver controller 138a-d of the
plurality of driver controllers 138a-d and configured to
receive an input from the respective driver controller
138a-d corresponding to a desired performance param-
eter of the respective driver 140a-d. For example, the
input may be an instruction to increase or decrease a
rotational speed of the driver 140a-d.

[0027] Inone or more embodiments, each of the driver
controllers 138a-d may be a variable frequency drive
(VFD) configured to drive the respective driver 140a-d
by varying the frequency and voltage supplied to the driv-
er 140a-d. As is known in the art, frequency (or Hertz) is
directly related to the rotational speed (revolutions per
minute (RPM)) of the driver 140a-d. Accordingly, the
drive controller 138a-d may be configured to increase
the frequency to increase the RPMs of the driver 140a-
d. Correspondingly, if a decrease in frequency (RPMs)
of the driver 140a-d is desired, the VFD can be used to
ramp down the frequency and voltage to meet the re-
quirements of the load (e.g., fan 136a-d) of the driver
140a-d. As the desired speed of the driver 140a-d chang-
es, the VFD may increase or decrease the speed of the
driver 140a-d to meet the load demands.

[0028] As shown in Figure 1, each of the driver con-
trollers 138a-d may be communicatively coupled, wired
and/or wirelessly, with a main controller 144 thereby
forming in part a control system configured to control the
operation of the heat engine system 100. The control
system may further include a plurality of sensors 146
communicatively coupled, wired or wirelessly, with the
main controller 144 and/or the driver controllers 138a-d
in order to process the measured and reported temper-
atures, pressures, and/or mass flowrates of the working
fluid at designated points within the working fluid circuit
112. Designated points in the working fluid circuit 112
may include, but are not limited to, the inlet 128, in the
flow path of the cooling medium, and at or within each
gas-cooled heat exchanger 134a-d. In response to these
measured and/or reported parameters, the control sys-
tem may be operable to selectively adjust the pressure
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of the working fluid at the inlet 128 of the main pressur-
ization device 108 in accordance with a control program
or algorithm, thereby maximizing operation of the heat
engine system 100.

[0029] Specifically, in one or more embodiments, the
main controller 144 may include one or more processors
148 configured to monitor the pressure of the working
fluid at the inlet 128 of the main pressurization device
108 via one or more sensors 146 and to determine if the
pressure attheinlet 128 should be increased, decreased,
or maintained to optimize the performance of the heat
engine system 100. To that end, the main controller 144
may transmit one or more instructions via signals to one
or more of the driver controllers 138a-d to increase, de-
crease, or maintain the RPMs of the respective drivers
140a-d.

[0030] For example, in a determination by the main
controller 144 that the pressure at the inlet 128 of the
main pressurization device 108 is to be decreased in re-
sponse to a pressure detection by the sensor(s) 146, the
main controller 144 may send one or more instructions
via one or more signals to at least one driver controller
138a-d to increase the speed (RPMs) of the respective
driver(s) 140a-d. The increase in RPMs of the driver(s)
140a-d may increase the flow rate of the cooling medium
generated by the fan(s) 136a-d operatively coupled to
the driver(s) 140a-d. The thermodynamic quality of the
working fluid may decrease (amount of vapor decreases)
or density increase, thereby decreasing the pressure at
the inlet 128 of the main pressurization device 108.
[0031] In another example, in a determination by the
main controller 144 that the pressure at the inlet 128 of
the main pressurization device 108 is to be increased in
response to a pressure detection by the sensor(s) 146,
the main controller 144 may send one or more instruc-
tions via one or more signals to at least one driver con-
troller 138a-d to decrease the frequency (RPMs) of the
respective driver(s) 140a-d. The decrease in frequency
(RPMs) of the driver(s) 140a-d may decrease the flow
rate of the cooling medium generated by the fan(s) 136a-
d operatively coupled to the driver(s) 140a-d. The ther-
modynamic quality of the working fluid may increase
(amount of vapor increases) or density increase, thereby
increasing the pressure at the inlet 128 of the main pres-
surization device 108.

[0032] Accordingly, the pressure at the inlet 128 of the
main pressurization device 108 may be increased or de-
creased by adjusting the frequency (RPMs) of one or
more drivers 140a-d, thus increasing or decreasing the
flow rate of the cooling medium across the gas-cooled
heatexchangers 134a-d. By doing so, the thermodynam-
ic quality or density of the working fluid may be increased
or decreased, thereby affecting the pressure at the inlet
128 of the main pressurization device 108.

[0033] The processor(s) 148 may be configured to ex-
ecute the operating system, programs, interfaces, and
any other functions of the main controller 144. The proc-
essor(s) 148 may also include one or more microproc-
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essors and/or related chip sets, a computer/machine
readable memory capable of storing date, program infor-
mation, or other executable instructions thereon, general
purpose microprocessors, special purpose microproces-
sors, or a combination thereof, on board memory for
caching purposes, instruction set processors, and so
forth.

[0034] The main controller 144 may also include one
or more input/output (1/0) ports 150 that enable the main
controller 144 to couple to one or more external devices
(e.g., external data sources). An 1/O controller 152 may
provide the infrastructure for exchanging data between
the processor(s) 148 and external devices connected
through the I/O ports 150 and/or for receiving user input
through one or more input devices (not shown).

[0035] A storage device 154 may store information,
such as one or more programs and/or instructions, used
by the processor(s) 148, the main controller 144 and/or
the drive controllers 138a-d, the I/O controller 152, or a
combination thereof. For example, the storage device
154 may store firmware for the main controller 144, pro-
grams, applications, or routines executed by the main
controller 144, processor functions, etc. The storage de-
vice 154 may include one or more non-transitory, tangi-
ble, machine-readable media, such as read-only memory
(ROM), random access memory (RAM), solid state mem-
ory (e.g., flash memory), CD-ROMs, hard drives, univer-
sal serial bus (USB) drives, any other computer readable
storage medium, or any combination thereof. The stor-
age media may store encoded instructions, such as
firmware, that may be executed by the processer(s) 146
to operate the logic or portions of the logic presented in
the methods disclosed herein.

[0036] The control system formed via the drive control-
lers 138a-d, the main controller 144, and the sensors 146
may operate over a network and may also include a net-
work device (not shown) for communication with external
devices over the network, such as a Local Area Network
(LAN), Wide Area Network (WAN), or the Internet and
may be powered by a power source (not shown). The
power source may be an alternating current (AC) power
source (e.g., an electrical outlet), a portable energy stor-
age device (e.g., abattery or battery pack), a combination
thereof, or any other suitable source of available power.
Further, in certain embodiments, some or all of the com-
ponents of the main controller 144 may be provided in a
housing, which may be configured to support and/or en-
close some or all of the components of the main controller
144,

[0037] The outlet manifold 132 of the heat exchanger
assembly 106 may be fluidly coupled with and disposed
downstream from each of the gas-cooled heat exchang-
ers 134a-d via lines 156a-d and upstream of the main
pressurization device 108 via line 126. Accordingly, the
outlet manifold 132 may be configured to collect the re-
spective flow portions of the working fluid discharged
from the gas-cooled heat exchangers 134a-d and to pro-
vide the collected working fluid to the main pressurization
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device 108 via line 126. As the heat exchanger assembly
106 may be configured to adjustthe thermodynamic qual-
ity or density of the working fluid, the collected working
fluid inline 126 may be a thermally adjusted working fluid.
[0038] The main pressurization device 108 may be
configured to receive the thermally adjusted working fluid
from the heat exchanger assembly 106, such that the
inlet 128 of the main pressurization device is adjusted to
or maintained at the desired pressure to optimize the
performance of the heat engine system 100. The main
pressurization device 108 may be further configured to
circulate or pressurize the working fluid within the working
fluid circuit 112. In addition, in some embodiments, the
main pressurization device 108 may be configured to
compress the thermally adjusted working fluid. Thus, in
some embodiments, the main pressurization device 108
may be a compressor. In other embodiments, the main
pressurization device may be a pump.

[0039] Based on the foregoing, the thermally adjusted
working fluid received from the heat exchanger assembly
106 may be pressurized, and in some embodiments com-
pressed, and discharged to the heating portion of the
recuperator 104 via line 122. The heating portion of the
recuperator 104 may be configured to transfer thermal
energy from the cooling portion of the recuperator 104,
thereby heating the working fluid. The working fluid may
be discharged from the heating portion of the recuperator
104 to the waste heat exchanger 110 via line 116. The
working fluid may be heated in the waste heat exchanger
110 via the waste heat provided from the waste heat
source 114 and the cycle may be repeated.

[0040] Referring now to Figure 2 with continued refer-
ence to Figure 1, Figure 2 is a schematic of another ex-
emplary heat engine system 200, according to one or
more embodiments disclosed herein. The heat engine
system 200 may be similar in some respects to the heat
engine system 200 described above and thus may be
best understood with reference to Figure 1 and the de-
scription thereof, where like numerals designate like
components and will not be described again in detail. As
shown in Figure 2, the heat engine system 200 includes
a heat exchanger assembly 206. The heat exchanger
assembly 206 may include drive controllers 238-d con-
figured to selectively activate the respective drivers 140a-
d.

[0041] Each of the drive controllers 238a-d may be a
switch configured to energize or de-energize the respec-
tive driver 140a-d, which in turn may energize or de-en-
ergize the respective fan 136a-d. Therefore, in the em-
bodiment of Figure 2, the drivers 140a-d may either op-
erate in either of two states: on or off. Accordingly, the
drive controllers 238a-d may only provide for the opera-
tion of the drivers 140a-d at 0 RPMs or at maximum
RPMs. Thus, the main controller 144 may adjust the ther-
modynamic quality or density of working fluid at the inlet
128 of the main pressurization device 108 by selectively
turning on or off each driver 140a-d as necessary to
achieve the desired pressure at the inlet 128. In one or
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more embodiments, the thermodynamic quality or den-
sity of the working fluid may be controlled by switching
the drivers 140a-d selectively on or off in sequence via
the drive controllers 238a-d.

[0042] For example, in a determination by the main
controller 144 that the pressure at the inlet 128 of the
main pressurization device 108 is to be increased in re-
sponse to a pressure detection by the sensor(s) 146, the
main controller 144 may send one or more instructions
via one or more signals starting with the driver controller
(driver controller 238d) disposed most downstream from
the inlet manifold 130 to shut off the respective driver)
140d. The de-energizing of the driver 140d may stop the
flow of the cooling medium generated by the fan 136d
operatively coupled to the driver 140d. The thermody-
namic quality of the working fluid may increase (amount
of vaporincreases) or density decrease, thereby increas-
ing the pressure atthe inlet 128 ofthe main pressurization
device 108.

[0043] In another example, in a determination by the
main controller 144 that the pressure at the inlet 128 of
the main pressurization device 108 is to be decreased in
response to a pressure detection by the sensor(s) 146,
the main controller 144 may send one or more instruc-
tions via one or more signals starting with the driver con-
troller (driver controller 238a) disposed immediately
downstream from the inlet manifold 130 to energize the
respective driver) 140a. The energizing of the driver 140a
may increase the flow of the cooling medium generated
by the fan 136a operatively coupled to the driver 140a.
The thermodynamic quality of the working fluid may de-
crease (amount of vapor decreases) or density increase,
thereby decreasing the pressure at the inlet 128 of the
main pressurization device 108.

[0044] Referring now to Figure 3 with continued refer-
ence to Figures 1 and 2, Figure 3 is a schematic of an-
other exemplary heat engine system 300, according to
one or more embodiments disclosed herein. The heat
engine system 300 may be similar in some respects to
the heat engine systems 100 and 200 described above
and thus may be best understood with reference to Fig-
ures 1 and 2 and the description thereof, where like nu-
merals designate like components and will not be de-
scribed again in detail. As shown in Figure 3, the heat
engine system 300 includes a heat exchanger assembly
306. The heat exchanger assembly 306 may include
drive controllers 238a-d configured to selectively activate
the respective drivers 140a-d and may further include a
plurality of valves 358a-h communicatively coupled to
the main controller 144 and configured to selectively iso-
late the respective gas-cooled heat exchangers 134a-d
from the working fluid circuit 112. In one or more embod-
iments, each of the valves 358a-h may be coupled to
lines 142a-d and 156a-d and fluidly coupled to the inlet
manifold 130 and the outlet manifold 132, such that the
valves 358a-h may selectively isolate one or more of the
gas-cooled heat exchangers 134a-d from the remainder
of the working fluid circuit 112.
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[0045] One ormore ofthe gas-cooled heat exchangers
134a-d may be isolated from the remainder of the working
fluid circuit 112 to adjust the pressure of working fluid at
the inlet 128 of the main pressurization device 108. For
example, in a determination by the main controller 144
that the pressure at the inlet 128 of the main pressuriza-
tion device 108 is to be increased in response to a pres-
sure detection by the sensor(s) 146, the main controller
144 may send one or more instructions via one or more
signals to a pair of valves 358a and 358b to isolate gas-
cooled heat exchanger 134a. In addition, the main con-
troller 144 144 may send one or more instructions via
one or more signals to the driver controller 238a to shut
off the respective driver 140a. The de-energizing of the
driver 140a may stop the flow of the cooling medium gen-
erated by the fan 136a operatively coupled to the driver
140a. As the capacity for cooling in the heat exchanger
assembly 106 is decreased by isolating the gas-cooled
heat exchanger 134a, the thermodynamic quality of the
working fluid in the remained of the heat exchanger as-
sembly 106 may increase (amount of vapor increases)
or density decrease, thereby increasing the pressure at
the inlet 128 of the main pressurization device 108.
[0046] In another example, in a determination by the
main controller 144 that the pressure at the inlet 128 of
the main pressurization device 108 is to be decreased in
response to a pressure detection by the sensor(s) 146,
the main controller 144 may send one or more instruc-
tions via one or more signals to the pair of closed valves
358a and 358b to open the valves 358a and 358b such
that the gas-cooled heat exchanger may communicate
with the remainder of the working fluid circuit 112. In ad-
dition, the main controller 144 144 may send one or more
instructions via one or more signals to the driver controller
238atoturnontherespective driver 140a. The energizing
of the driver 140a may increase the flow of the cooling
medium generated by the fan 136a operatively coupled
to the driver 140a. The thermodynamic quality of the
working fluid may decrease (amount of vapor decreases)
or density increase, thereby decreasing the pressure at
the inlet 128 of the main pressurization device 108.
[0047] Referring now to Figure 4 with continued refer-
ence to Figures 1-3, Figure 4 is a schematic of another
exemplary heat engine system 400, according to one or
more embodiments disclosed herein. The heat engine
system 400 may be similar in some respects to the heat
engine systems 100, 200, 300 described above and thus
may be best understood with reference to Figures 1-3
and the description thereof, where like numerals desig-
nate like components and will not be described again in
detail. As shown in Figure 4, the heat engine system 400
includes the heat exchanger assembly 106. However, in
other embodiments, the heat engine system may include
either the heat exchanger assembly 206 or the heat ex-
changer assembly 306 in place of the heat exchanger
assembly 106.

[0048] The heat engine system 400 further includes a
refrigeration system 460 forming part of the working cir-
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cuit 112. The refrigeration system 460 may be fluidly cou-
pled with and disposed downstream from the outlet man-
ifold 132 via line 426 and upstream of the main pressur-
ization device via line 462. The refrigeration system 460
may include a refrigeration loop including an evaporator,
a condenser, a compressor, and a heat exchanger 464.
The heat exchanger may be configured to transfer ther-
mal energy from the working fluid to a refrigerant flowing
through the refrigeration loop.

[0049] The refrigerant may be utilized in the refrigerant
system 460 by the heat exchanger 464 for cooling the
working fluid and removing thermal energy outside of the
working fluid circuit 112. The refrigerant flows through,
over, or around while in thermal communication with the
heat exchanger 464. Thermal energy in the working fluid
is transferred to the refrigerant via the heat exchanger
464. Therefore, the refrigerant is in thermal communica-
tion with the working fluid circuit 112, but not fluidly cou-
pled to the working fluid circuit 112. The heat exchanger
464 may be fluidly coupled to the working fluid circuit 112
and independently fluidly coupled to the refrigerant. The
refrigerant may contain one or multiple compounds and
may be in one or multiple states of matter. The refrigerant
may be a media or fluid in a gaseous state, a liquid state,
a subcritical state, a supercritical state, a suspension, a
solution, derivatives thereof, or combinations thereof.
[0050] The refrigeration system 460 may operate to
more finely tune the pressure of the working fluid at the
inlet 128 of the main pressurization device 108 by in-
creasing or decreasing the thermodynamic quality or
density of the working fluid passing through the refriger-
ation system 460. For example, the pressure of the ad-
justed working fluid discharged from any of the heat ex-
changer assemblies 106, 206, 306 may be detected via
one or more sensors 446 disposed inside or adjacent the
refrigeration system 460 to measure and report the pres-
sure, temperature, mass flowrate, or other properties of
the working fluid within the refrigeration system 460. The
main controller 144 may determine that the thermody-
namic quality or density of the working fluid may need
further adjustments to provide the desired pressure at
the inlet 128 of the main pressurization device 108. Ac-
cordingly, in the event that a decrease in pressure is
needed, the main controller 144 may send one or more
instructions via one or more signals to the refrigeration
system 460 to circulate the refrigerant through the refrig-
erant loop, thereby cooling the working fluid flowing
through the heat exchanger 464 and decreasing the ther-
modynamic quality or increasing the density of the work-
ing fluid, thereby decreasing the pressure at the inlet 128
of the main pressurization device 108.

[0051] Referring now to Figure 5 with continued refer-
ence to Figures 1 and 2, Figure 5 is a schematic of an-
other exemplary heat engine system 500, according to
one or more embodiments disclosed herein. The heat
engine system 500 may be similar in some respects to
the heat engine systems 100, 200 described above and
thus may be best understood with reference to Figures
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1 and 2 and the description thereof, where like numerals
designate like components and will not be described
again in detail. As shown in Figure 5, the heat engine
system 500 includes a heat exchanger assembly 506.
The heat exchanger assembly 506 as shown in Figure 5
is similar to the heat exchanger assembly 206 of Figure
2 and further includes an external heating system 560 to
add heat to one or more of the gas-cooled heat exchang-
ers 134a-d. The external heating system 560 may include
ducting or louvers directing heat from a heat source (the
exhausted cooling medium of one gas-cooled heat ex-
changer 134a-d) to another gas-cooled heat exchanger
134a-d in a counter flow direction, thereby heating the
working fluid flowing through the gas-cooled heat ex-
changer 134a-d. In another embodiment, the heat source
may be an electric heater or process flow.

[0052] One or more sensors 546 may be disposed in-
side or adjacent the gas-cooled heat exchangers 134a-
d to measure and report the pressure, temperature, mass
flowrate, or other properties of the working fluid within
the gas-cooled heat exchangers 134a-d. In one embod-
iment, the main controller 144 may determine that the
thermodynamic quality or density of the working fluid may
need further adjustments to provide the desired pressure
at the inlet 128 of the main pressurization device 108.
Accordingly, in the event that an increase in pressure is
needed, the main controller 144 may send one or more
instructions via one or more signals to the external heat
system 560 to direct additional heat from the heat source
to the gas-cooled heat exchanger 134a-d, thereby in-
creasing the thermodynamic quality, or decreasing the
density, of the working fluid and the pressure of the inlet
128 at the main pressurization device 108.

[0053] Figure 6 illustrates a flowchart of an exemplary
method 600 for controlling the pressure of the working
fluid at the inlet of the compressor of the heat engine
system, according to one or more embodiments dis-
closed herein. The method 600 may proceed by opera-
tion of either of the heat engine systems 100, 200, 300,
400, 500 and may thus be best understood with reference
thereto. The method 600 may include circulating the
working fluid in a working fluid circuit of a heat engine
system via the main pressurization device, as at 602.
The method 600 may also include transferring thermal
energy from a heat source stream to the working fluid in
a waste heat exchanger of the working fluid circuit, as at
604.

[0054] The method 600 may further include expanding
the working fluid in an expansion device in fluid commu-
nication with the waste heat exchanger, as at 606. The
method 600 may also include detecting the pressure of
the working fluid at the inlet of the main pressurization
device of the working fluid circuit via one or more sensors,
as at 608. The method 600 may further include modulat-
ing a rotational speed of at least one fan configured to
direct a cooling medium in contact with a respective gas-
cooled heat exchanger of a plurality of gas-cooled heat
exchangers of a heat exchanger assembly of the working
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fluid circuit, as at 610. Modulating the rotational speed
of the at least one fan may include adjusting a thermo-
dynamic quality or density of the working fluid flowing
through the heat exchanger assembly based on the de-
tected pressure. The method 600 may also include feed-
ing the working fluid having the adjusted thermodynamic
quality or density to the inlet of the main pressurization
device, thereby adjusting and regulating the pressure of
the working fluid at the inlet of the main pressurization
device, as at 612.

[0055] Insomeembodiments,the types of working fluid
that may be circulated, flowed, or otherwise utilized in
the working fluid circuit 112 of the heat engine systems
100, 200, 300, 400, 500 include or may contain carbon
oxides, hydrocarbons, alcohols, ketones, halogenated
hydrocarbons, ammonia, amines, aqueous, or combina-
tions thereof. Exemplary working fluids that may be uti-
lized in the working fluid circuits 112 include carbon di-
oxide, ammonia, methane, ethane, propane, butane, eth-
ylene, propylene, butylene, acetylene, methanol, etha-
nol, acetone, methyl ethyl ketone, water, derivatives
thereof, or mixtures thereof. Halogenated hydrocarbons
may include hydrochlorofluorocarbons (HCFCs), hy-
drofluorocarbons (HFCs) (e.g., 1,1,1,3, 3-pentafluoro-
propane (R245fa)), fluorocarbons, derivatives thereof, or
mixtures thereof.

[0056] In many embodiments described herein, the
working fluid the working fluid circulated, flowed, or oth-
erwise utilized in the working fluid circuit 112 may be or
may contain carbon dioxide (CO,) and mixtures contain-
ing carbon dioxide. Generally, at least a portion of the
working fluid circuit 112 contains the working fluid in a
supercritical state (e.g., sc-CO,). Carbon dioxide utilized
as the working fluid or contained in the working fluid for
power generation cycles has many advantages over oth-
er compounds typical used as working fluids, since car-
bon dioxide has the properties of being non-toxic and
non-flammable and is also easily available and relatively
inexpensive. Due in part to a relatively high working pres-
sure of carbon dioxide, a carbon dioxide system may be
much more compact than systems using other working
fluids. The high density and volumetric heat capacity of
carbon dioxide with respect to other working fluids makes
carbon dioxide more "energy dense" meaning that the
size of all system components can be considerably re-
duced withoutlosing performance. It should be noted that
use of the terms carbon dioxide (CO,), supercritical car-
bon dioxide (sc-CO,), or subcritical carbon dioxide (sub-
CO,) is not intended to be limited to carbon dioxide of
any particular type, source, purity, or grade. Forexample,
industrial grade carbon dioxide may be contained in
and/or used as the working fluid without departing from
the scope of the disclosure.

[0057] In other exemplary embodiments, the working
fluid in the working fluid circuit 112 may be a binary, ter-
nary, or other working fluid blend. The working fluid blend
or combination can be selected for the unique attributes
possessed by the fluid combination within a heat recov-
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ery system, as described herein. For example, one such
fluid combination includes a liquid absorbent and carbon
dioxide mixture enabling the combined fluid to be
pumped in a liquid state to high pressure with less energy
input than required to compress carbon dioxide. In an-
other exemplary embodiment, the working fluid may be
a combination of carbon dioxide (e.g., sub-CO, or sc-
CO,) and one or more other miscible fluids or chemical
compounds. In yet other exemplary embodiments, the
working fluid may be a combination of carbon dioxide
and propane, or carbon dioxide and ammonia, without
departing from the scope of the disclosure.

[0058] In some embodiments, the working fluid circuit
112 may have a high pressure side and a low pressure
side and contain the working fluid in multiple states or
phases of matter throughout various portions of the work-
ing fluid circuit 112. The use of the term "working fluid"
is not intended to limit the state or phase of matter of the
working fluid. For instance, the working fluid or portions
of the working fluid may be in a liquid phase, a gas phase,
a fluid phase, a subcritical state, a supercritical state, or
any other phase or state at any one or more points within
the working fluid circuit 112.

[0059] Generally, the high pressure side of the working
fluid circuit 112 contains the working fluid (e.g., sc-CO,)
at a pressure of about 15 MPa or greater, such as about
17 MPa or greater or about 20 MPa or greater. In some
examples, the high pressure side of the working fluid cir-
cuit 112 may have a pressure within a range from about
15 MPa to about 30 MPa, more narrowly within a range
from about 16 MPa to about 26 MPa, more narrowly with-
in arange from about 17 MPa to about 25 MPa, and more
narrowly within a range from about 17 MPa to about 24
MPa, such as about 23.3 MPa. In other examples, the
high pressure side of the working fluid circuit 112 may
have a pressure within a range from about 20 MPa to
about 30 MPa, more narrowly within a range from about
21 MPa to about 25 MPa, and more narrowly within a
range from about 22 MPa to about 24 MPa, such as about
23 MPa.

[0060] The low pressure side of the working fluid circuit
1 12 contains the working fluid (e.g., CO2 or sub-C02)
at a pressure of less than 15 MPa, such as about 12 MPa
or less or about 10 MPa or less. In some examples, the
low pressure side of the working fluid circuit 1 12 may
have a pressure within arange from about4 MPa to about
14 MPa, more narrowly within a range from about 6 MPa
to about 13 MPa, more narrowly within arange from about
8 M Pa to about 12 MPa, and more narrowly within a
range from about 10 MPa to about 1 1 MPa, such as
about 10.3 MPa . In other examples, the low pressure
side of the working fluid circuit 1 12 may have a pressure
within a range from about 2 MPa to about 10 MPa, more
narrowly within a range from about 4 MPa to about 8
MPa, and more narrowly within a range from about 5
MPa to about 7 MPa, such as about 6 MPa.

[0061] In some examples, the high pressure side of
the working fluid circuit 1 12 may have a pressure within
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arange from about 17 MPa to about 23.5 MPa , and more
narrowly within a range from about 23 MPa to about 23.3
MPa while the low pressure side of the working fluid cir-
cuit 1 12 may have a pressure within a range from about
8 MPa to about 1 1 MPa, and more narrowly within a
range from about 10.3 MPa to about 1 1 MPa.

[0062] The foregoing has outlined features of several
embodiments so that those skilled in the art may better
understand the present disclosure. Those skilled in the
art should appreciate that they may readily use the
present disclosure as a basis for designing or modifying
other processes and structures for carrying out the same
purposes and/or achieving the same advantages of the
embodiments introduced herein.

Claims
1. A heat engine system (100), comprising:

a working fluid circuit (112) configured to flow a
working fluid therethrough, the working fluid cir-
cuit (112) comprising:

awaste heat exchanger (110) configured to
be in fluid communication and in thermal
communication with a heat source stream
(114), and to transfer thermal energy from
the heat source stream to the working fluid;
an expansion device (102) disposed down-
stream from and in fluid communication with
the waste heat exchanger (110) and config-
ured to convert a pressure drop in the work-
ing fluid to mechanical energy;

a recuperator (104) disposed upstream of
and in fluid communication with the waste
heat exchanger and disposed downstream
from and in fluid communication with the ex-
pansion device (102);

a main pressurization device (108) dis-
posed upstream of and in fluid communica-
tion with the recuperator (104) and config-
ured to pressurize and circulate the working
fluid within the working fluid circuit (112);

a heat exchanger assembly (105) disposed
upstream of and in fluid communication with
the main pressurization device (108) and
disposed downstream from and in fluid
communication with the recuperator (104),
the heat exchanger assembly (105) com-
prising:

a plurality of gas-cooled heat exchang-
ers (134a-d) configured to transfer ther-
mal energy from the working fluid to a
cooling medium;

a plurality of fans (136a-d) configured
to direct the cooling medium into con-
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tact with the plurality of gas-cooled heat
exchangers (134a-d); and

aplurality of drivers (140a-d), each driv-
er configured to drive a

respective fan of the plurality of fans (136a-
d); and

a control system communicatively coupled to
the heat exchanger assembly (105) and config-
ured to modulate a rotational speed of at least
one fan of the plurality of fans (136a-d) to regu-
late a pressure of the working fluid at an inlet
(128) of the main pressurization device (108).

The heat engine system (100) of claim 1, wherein
the heat exchanger assembly (105) further compris-
es a plurality of driver controllers (138a-d), each driv-
er controller operatively coupled to a respective driv-
er and configured to modulate the rotational speed
of the respective fan driven by the respective driver.

The heat engine system (100) of claim 2, wherein
the control system further comprises a main control-
ler (144) communicatively coupled to each of the
driver controllers and configured to transmit one or
more instructions to at least one controller to modu-
late the rotational speed of the respective fan in order
to regulate the pressure of the working fluid at the
inlet (128) of the main pressurization device (108).

The heat engine system (100) of claim 3, wherein
each driver controller is a variable frequency drive.

The heat engine system (100) of claim 3, wherein
each driver controller is a switch positionable in a
first state and a second state, wherein the switch as
positioned in the first state energizes the respective
driver, and the switch as positioned in the second
state de-energizes the respective driver.

The heat engine system (100) of claim 5, wherein
the heat exchanger assembly (105) further compris-
es a plurality of valves (358) communicatively cou-
pled to the main controller (144) and disposed up-
stream of and downstream from each of the gas-
cooled heat exchangers, the plurality of valves (358)
configured to selectively isolate one or more of the
gas-cooled heat exchangers from a remainder of the
working fluid circuit in order to regulate the pressure
of the working fluid at the inlet (128) of the main pres-
surization device (108).

The heat engine system (100) of claim 3, wherein
the control system further comprises at least one
sensor (146) communicatively coupled to the main
controller (144) and configured to detect the pres-
sure of the working fluid at the inlet (128) of the main
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pressurization device (108).

The heat engine system (100) of claim 1, wherein
the working fluid circuit further comprises a refriger-
ation system (460) disposed upstream of and in fluid
communication with the main pressurization device
(108) and disposed downstream from and in fluid
communication with the heat exchanger assembly
(105), the refrigeration system (460) comprising an
auxiliary heat exchanger (464) configured to be in
fluid communication and in thermal communication
with a refrigerant stream and to transfer thermal en-
ergy from the working fluid to the refrigerant stream
in order to regulate the pressure of the working fluid
at the inlet (128) of the main pressurization device
(108).

The heat engine system (100) of claim 8, wherein
the heat exchanger assembly (105) is further con-
figured to store at least a portion of the working fluid
therein during a period of inoperativeness of the heat
engine system (100).

The heat engine system (100) of claim 1, wherein at
least one of the following applies:

(a) the heat exchanger assembly (105) further
comprises a heating system configured to be in
fluid communication and in thermal communica-
tion with a heat source and to transfer thermal
energy from the heat source to the working fluid
in order to regulate the pressure of the working
fluid at the inlet (128) of the main pressurization
device (108);

(b) each of the gas-cooled heat exchangers is
a fin fan heat exchanger, and the cooling medi-
um comprises air.

The heat engine system (100) of claim 1, wherein
the working fluid comprises carbon dioxide in a sub-
critical state and a supercritical state in different lo-
cations of the working fluid circuit.

The heat engine system (100) of any preceding
claim, wherein the heat exchanger assembly (108)
comprises:

an inlet manifold (130) in fluid communication
with the recuperator (104); and

an outlet manifold (132) in fluid communication
with the main pressurization device (108),
wherein the plurality of gas-cooled heat ex-
changers (134a-d) are fluidly connected to the
inletmanifold (130) and the outlet manifold (132)
and arranged in parallel with one another.

A method (600) for controlling a pressure of a work-
ing fluid at an inlet (128) of a main pressurization
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device (108) of a heat engine system (100), com-
prising:

circulating (602) the working fluid in a working
fluid circuit of a heat engine system (100) via the
main pressurization device (108);

transferring (604) thermal energy from a heat
source stream to the working fluid in a waste
heat exchanger (110) of the working fluid circuit;
expanding (606) the working fluid in an expan-
sion device (102) in fluid communication with
the waste heat exchanger (110);

detecting (608) the pressure of the working fluid
at the inlet (128) of the main pressurization de-
vice (108) of the working fluid circuit via one or
more sensors (146);

modulating (610) a rotational speed of at least
one fan configured to direct a cooling medium
in contact with a respective gas-cooled heat ex-
changer of a plurality of gas-cooled heat ex-
changers (134a-d) of a heat exchanger assem-
bly (105) of the working fluid circuit, wherein
modulating the rotational speed of the at least
one fan comprises:

adjusting a thermodynamic quality or density of
the working fluid flowing through the heat ex-
changer assembly (105) based on the detected
pressure; and

feeding (612) the working fluid having the ad-
justed thermodynamic quality or density to the
inlet of the main pressurization device (108),
thereby adjusting and controlling the pressure
of the working fluid at the inlet (128) of the main
pressurization device (108).

The method (600) of claim 13, further comprising
transmitting one or more instructions based on the
detected pressure to at least one driver controller
operatively coupled to a driver configured to drive
the at least one fan, wherein the at least one driver
controller is a variable frequency drive or a switch.

The method (600) of claim 13, further comprising
adjusting a plurality of valves of the heat exchanger
assembly (105) to selectively isolate one or more
gas-cooled heat exchangers of the heat exchanger
assembly (105) from a remainder of the working fluid
circuit, wherein each of the gas-cooled heat ex-
changers is fluid coupled to an inlet manifold (130)
and an outlet manifold (132) of the heat exchanger
assembly (105), and the plurality of gas-cooled heat
exchangers (134a-d) are disposed in parallel with
one another in the working fluid circuit.

Patentanspriiche

1.

Warmekraftmaschinensystem (100), umfassend:
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einen Arbeitsfluidkreislauf (112), der eingerich-
tet ist, um ein Arbeitsfluid hindurch stromen zu
lassen, wobeider Arbeitsfluidkreislauf (112) um-
fasst:

einen Abwarmetauscher (110), der einge-
richtetist,umin Fluidverbindung und in ther-
mischer Verbindung mit einem Warmequel-
lenstrom (114) zu stehen und um thermi-
sche Energie von dem Warmequellenstrom
auf das Arbeitsfluid zu Ubertragen;

eine Expansionsvorrichtung (102), die
stromabwarts von und in Fluidverbindung
mit dem Abwarmetauscher (110) angeord-
net und eingerichtet ist, um einen Druckab-
fall in dem Arbeitsfluid in mechanische En-
ergie umzuwandeln;

einen Rekuperator (104), der stromauf-
warts von und in Fluidverbindung mit dem
Abwarmetauscher angeordnet ist und
stromabwarts von und in Fluidverbindung
mit der Expansionsvorrichtung (102) ange-
ordnet ist;

eine Hauptdruckbeaufschlagungsvorrich-
tung (108), die stromaufwarts von und in
Fluidverbindung mit dem Rekuperator
(104) angeordnet und eingerichtet ist, um
das Arbeitsfluid innerhalb des Arbeitsfluid-
kreislaufs (112) mit Druck zu beaufschlagen
und zirkulieren zu lassen;

eine Warmetauscheranordnung (105), die
stromaufwarts von und in Fluidverbindung
mit der Hauptdruckbeaufschlagungsvor-
richtung (108) angeordnet ist und stromab-
warts von und in Fluidverbindung mit dem
Rekuperator (104) angeordnet ist, wobei
die Warmetauscheranordnung (105) um-
fasst:

mehrere gasgekuihlte Warmetauscher (134a-d),
die eingerichtet sind, um thermische Energie
von dem Arbeitsfluid auf ein Kiihimedium zu
Ubertragen;

mehrere Lifter (136a-d), die eingerichtet sind,
um das Kuhimedium in Kontakt mit den mehre-
ren gasgekihlten Warmetauschern (134a-d) zu
leiten; und

mehrere Antriebe (140a-d), wobei jeder Antrieb
eingerichtet ist, um einen jeweiligen Lifter der
mehreren Lifter (136a-d) anzutreiben; und

ein Steuersystem, das kommunikativ mit der
Warmetauscheranordnung (105) gekoppeltund
eingerichtet ist, um eine Drehgeschwindigkeit
von mindestens einem Lufter der mehreren Lif-
ter (136a-d) zu modulieren, um einen Druck des
Arbeitsfluids an einem Einlass (128) der Haupt-
druckbeaufschlagungsvorrichtung (108) zu re-
gulieren.
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Warmekraftmaschinensystem (100) nach Anspruch
1, wobei die Warmetauscheranordnung (105) ferner
mehrere Antriebssteuerungen (138a-d) umfasst,
wobei jede Antriebssteuerung mit einem jeweiligen
Antrieb wirkgekoppelt und eingerichtet ist, um die
Drehgeschwindigkeit des jeweiligen Lifters, der von
dem jeweiligen Antrieb angetrieben wird, zu modu-
lieren.

Warmekraftmaschinensystem (100) nach Anspruch
2, wobei das Steuersystem ferner eine Hauptsteue-
rung (144) umfasst, die kommunikativ mit jeder der
Antriebssteuerungen gekoppelt und eingerichtet ist,
um eine oder mehrere Anweisungen an mindestens
eine Steuerung zu senden, um die Drehgeschwin-
digkeit des jeweiligen Lifters zu modulieren, um den
Druck des Arbeitsfluids an dem Einlass (128) der
Hauptdruckbeaufschlagungsvorrichtung (108) zu
regulieren.

Warmekraftmaschinensystem (100) nach Anspruch
3, wobei jede Antriebssteuerung ein Antrieb mit va-
riabler Frequenz ist.

Warmekraftmaschinensystem (100) nach Anspruch
3, wobei jede Antriebssteuerung ein Schalter ist, der
in einen ersten und einen zweiten Zustand positio-
nierbarist, wobeider Schalter, wenn erin dem ersten
Zustand positioniert ist, den jeweiligen Antrieb ein-
schaltet, und der Schalter, wenn er in dem zweiten
Zustand positioniert ist, den jeweiligen Antrieb aus-
schaltet.

Warmekraftmaschinensystem (100) nach Anspruch
5, wobei die Warmetauscheranordnung (105) ferner
mehrere Ventile (358) umfasst, die kommunikativ mit
der Hauptsteuerung (144) gekoppelt und stromauf-
warts und stromabwarts von jedem der gasgekihl-
ten Warmetauscher angeordnet sind, wobei die
mehreren Ventile (358) eingerichtet sind, um selektiv
einen oder mehrere der gasgekiihlten Warmetau-
scher von einem Rest des Arbeitsfluidkreislaufs zu
isolieren, um den Druck des Arbeitsfluids an dem
Einlass (128) der Hauptdruckbeaufschlagungsvor-
richtung (108) zu regulieren.

Warmekraftmaschinensystem (100) nach Anspruch
3, wobei das Steuersystem ferner mindestens einen
Sensor (146) umfasst, der kommunikativ mit der
Hauptsteuerung (144) gekoppelt und eingerichtet
ist, um den Druck des Arbeitsfluids an dem Einlass
(128) der Hauptdruckbeaufschlagungsvorrichtung
(108) zu erfassen.

Warmekraftmaschinensystem (100) nach Anspruch
1, wobei der Arbeitsfluidkreislauf ferner ein Kiihlsys-
tem (460) umfasst, das stromaufwarts von und in
Fluidverbindung mit der Hauptdruckbeaufschla-
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gungsvorrichtung (108) angeordnetist und stromab-
warts von und in Fluidverbindung mit der Warmetau-
scheranordnung (105) angeordnet ist, wobei das
Kuhlsystem (460) einen Hilfswarmetauscher (464)
umfasst, der eingerichtet ist, um in Fluidverbindung
und in thermischer Verbindung mit einem KihImit-
telstrom zu stehen und thermische Energie von dem
Arbeitsfluid auf den Kihlmittelstrom zu Gbertragen,
umden Druck des Arbeitsfluids an dem Einlass (128)
der Hauptdruckbeaufschlagungsvorrichtung (108)
zu regulieren.

Warmekraftmaschinensystem (100) nach Anspruch
8, wobei die Warmetauscheranordnung (105) ferner
eingerichtetist, um zumindesteinen Teil des Arbeits-
fluids wahrend eines Zeitraums einer Auerbetrieb-
setzung des Warmekraftmaschinensystems (100)
darin zu speichern.

Warmekraftmaschinensystem (100) nach Anspruch
1, wobei mindestens eines von Folgendem gilt:

(a) die Warmetauscheranordnung (105) um-
fasstferner ein Heizsystem, das eingerichtet ist,
um in Fluidverbindung und in thermischer Ver-
bindung mit einer Warmequelle zu stehen und
thermische Energie von der Warmequelle auf
das Arbeitsfluid zu Gbertragen, um den Druck
des Arbeitsfluids an dem Einlass (128) der
Hauptdruckbeaufschlagungsvorrichtung (108)
zu regulieren;

(b) jeder der gasgekiihlten Warmetauscher ist
ein Lamellenlifter-Warmetauscher und das
KihImedium umfasst Luft.

Warmekraftmaschinensystem (100) nach Anspruch
1, wobei das Arbeitsfluid Kohlendioxid in einem un-
terkritischen Zustand und einem Uberkritischen Zu-
stand an unterschiedlichen Stellen des Arbeitsfluid-
kreislaufs umfasst.

Warmekraftmaschinensystem (100) nach einem
vorhergehenden Anspruch, wobei die Warmetau-
scheranordnung (108) umfasst:

einen Einlassverteiler (130) in Fluidverbindung
mit dem Rekuperator (104); und

einen Auslassverteiler (132) in Fluidverbindung
mit der Hauptdruckbeaufschlagungsvorrich-
tung (108),

wobei die mehreren gasgekihlten Warmetau-
scher (134a-d) mit dem Einlassverteiler (130)
und dem Auslassverteiler (132) fluidverbunden
und parallel zueinander angeordnet sind.

Verfahren (600) zum Steuern eines Drucks eines Ar-
beitsfluids an einem Einlass (128) einer Hauptdruck-
beaufschlagungsvorrichtung (108) eines Warme-
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kraftmaschinensystems (100), umfassend:

Zirkulierenlassen (602) des Arbeitsfluids in ei-
nem Arbeitsfluidkreislauf eines Warmekraftma-
schinensystems (100) tber die Hauptdruckbe-
aufschlagungsvorrichtung (108) ;

Ubertragen (604) von thermischer Energie aus
einem Warmequellenstrom auf das Arbeitsfluid
in einem Abwarmetauscher (110) des Arbeits-
fluidkreislaufs;

Expandieren (606) des Arbeitsfluids in einer Ex-
pansionsvorrichtung (102), die in Fluidverbin-
dung mit dem Abwarmetauscher (110) steht;
Erfassen (608) des Drucks des Arbeitsfluids an
dem Einlass (128) der Hauptdruckbeaufschla-
gungsvorrichtung (108) des Arbeitsfluidkreis-
laufs Uber einen oder mehrere Sensoren (146);
Modulieren (610) einer Drehgeschwindigkeit
mindestens eines Lifters, der eingerichtet ist,
um ein Kiihimedium in Kontakt mit einem jewei-
ligen gasgekulhlten Warmetauscher mehrerer
gasgekihlter Warmetauscher (134a-d) einer
Warmetauscheranordnung (105) des Arbeits-
fluidkreislaufs zu leiten, wobei das Modulieren
der Drehgeschwindigkeit des mindestens einen
Lufters umfasst:

Einstellen einer thermodynamischen Qua-
litdt oder Dichte des Arbeitsfluids, das durch
die  Warmetauscheranordnung  (105)
stromt, basierend auf dem erfassten Druck;
und

Zufuhren (612) des Arbeitsfluids mitder ein-
gestellten thermodynamischen Qualitat
oder Dichte zu dem Einlass der Haupt-
druckbeaufschlagungsvorrichtung  (108),
wodurch der Druck des Arbeitsfluids an
dem Einlass (128) der Hauptdruckbeauf-
schlagungsvorrichtung (108) eingestellt
und gesteuert wird.

Verfahren (600) nach Anspruch 13, ferner umfas-
send Senden einer oder mehrerer Anweisungen ba-
sierend auf dem erfassten Druck an mindestens eine
Antriebssteuerung, die mit einem Antrieb wirkgekop-
peltist, dereingerichtetist, um den mindestens einen
Liufter anzutreiben, wobei die mindestens eine An-
triebssteuerung ein Antrieb mit variabler Frequenz
oder ein Schalter ist.

Verfahren (600) nach Anspruch 13, ferner umfas-
send Einstellen mehrerer Ventile der Warmetau-
scheranordnung (105), um selektiv einen oder meh-
rere gasgekihlte Warmetauscher der Warmetau-
scheranordnung (105) von einem Rest des Arbeits-
fluidkreislaufs zu isolieren, wobei jeder der gasge-
kihlten Warmetauscher mit einem Einlassverteiler
(130) und einem Auslassverteiler (132) der Warme-
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tauscheranordnung (105) fluidgekoppelt ist und die
mehreren gasgekiihlten Warmetauscher (134a-d)in
dem Arbeitsfluidkreislauf parallel zueinander ange-
ordnet sind.

Revendications

Systeme de moteur thermique (100), comprenant :

un circuit de fluide de travail (112) configuré pour
laisser s’écouler un fluide de travail a travers
celui-ci, le circuit de fluide de travail (112)
comprenant :

un échangeur de chaleur perdue (110) con-
figuré pour étre en communication de fluide
eten communication thermique avec un flux
de source de chaleur (114), et pour trans-
férer de I'énergie thermique du flux de sour-
ce de chaleur au fluide de travail ;

un dispositif d’expansion (102) disposé en
aval de et en communication de fluide avec
I’échangeur de chaleur perdue (110) etcon-
figuré pour convertir une chute de pression
dans le fluide de travail en énergie
mécanique ;

un récupérateur (104) disposé en amont de
eten communication de fluide avec I'échan-
geur de chaleur perdue et disposé en aval
de et en communication de fluide avec le
dispositif d’expansion (102) ;

un dispositif de mise sous pression principal
(108) disposé en amont de et en communi-
cation de fluide avec le récupérateur (104)
et configuré pour mettre sous pression et
faire circuler le fluide de travail dans le cir-
cuit de fluide de travail (112) ;

un ensemble d’échangeur de chaleur (105)
disposé en amont de et en communication
de fluide avec le dispositif de mise sous
pression principal (108) et disposé en aval
de et en communication de fluide avec le
récupérateur (104),

'ensemble d’échangeur de chaleur (105)
comprenant :

une pluralité d’échangeurs de chaleur
refroidis au gaz (134a-d) configurés
pour transférer de I'énergie thermique
du fluide de travail a un agent de
refroidissement ;

une pluralité de ventilateurs (136a-d)
configurés pour diriger 'agent de refroi-
dissement en contact avec la pluralité
d’échangeurs de chaleur refroidis au
gaz (134ad) ; et

une pluralité d’éléments d’entraine-
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ment (140a-d), chaque élément d’en-
trainement étant configuré pour entrai-
ner un ventilateur respectif de la plura-
lité de ventilateurs (136a-d) ; et

un systéeme de commande couplé de
maniére a communiquer a I'ensemble
d’échangeur de chaleur (105) et confi-
guré pour moduler une vitesse de rota-
tion d’au moins un ventilateur de la plu-
ralité de ventilateurs (136a-d) pour ré-
guler une pression du fluide de travail
au niveau d’'une admission (128) du
dispositif de mise sous pression princi-
pal (108).

Systeme de moteur thermique (100) selon la reven-
dication 1, dans lequel 'ensemble d’échangeur de
chaleur (105) comprend en outre une pluralité de
dispositifs de commande d’éléments d’entrainement
(138ad), chaque dispositif de commande d’élément
d’entrainement étant couplé fonctionnellement a un
élément d’entrainement respectif et configuré pour
moduler la vitesse de rotation du ventilateur respectif
entrainé par I'élément d’entrainement respectif.

Systeme de moteur thermique (100) selon la reven-
dication 2, dans lequel le systtme de commande
comprend en outre un dispositif de commande prin-
cipal (144) couplé de maniere a communiquer a cha-
cun des dispositifs de commande d’éléments d’en-
trainement et configuré pour transmettre une ou plu-
sieurs instructions a au moins un dispositif de com-
mande pour moduler la vitesse de rotation du venti-
lateur respectif afin de réguler la pression du fluide
de travail au niveau de I'admission (128) du dispositif
de mise sous pression principal (108).

Systeme de moteur thermique (100) selon la reven-
dication 3, dans lequel chaque dispositifde comman-
de d’élément d’entrainement est un variateur de fré-
guence.

Systeme de moteur thermique (100) selon la reven-
dication 3, dans lequel chaque dispositifde comman-
de d’élément d’entrainement est un commutateur
positionnable dans un premier état et un deuxiéme
état, dans lequel le commutateur tel que positionné
dans le premier état allume I'élément d’entrainement
respectif, et le commutateur tel que positionné dans
le deuxiéme état éteintI'élémentd’entrainementres-
pectif.

Systeme de moteur thermique (100) selon la reven-
dication 5, dans lequel 'ensemble d’échangeur de
chaleur (105) comprend en outre une pluralité de
valves (358) couplées de maniére a communiquer
au dispositif de commande principal (144) et dispo-
sées en amont et en aval de chacun des échangeurs
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de chaleur refroidis au gaz, la pluralité de valves
(358) étant configurées pour isoler de maniére sé-
lective un ou plusieurs des échangeurs de chaleur
refroidis au gaz d’un reste du circuit de fluide de tra-
vail afin de réguler la pression du fluide de travail au
niveau de I'admission (128) du dispositif de mise
sous pression principal (108).

Systeme de moteur thermique (100) selon la reven-
dication 3, dans lequel le systtme de commande
comprend en outre au moins un capteur (146) couplé
de maniére a communiquer au dispositif de com-
mande principal (144) et configuré pour détecter la
pression du fluide de travail au niveau de 'admission
(128) du dispositif de mise sous pression principal
(108).

Systeme de moteur thermique (100) selon la reven-
dication 1, dans lequel le circuit de fluide de travail
comprend en outre un systeme de réfrigération (460)
disposé en amont de et en communication de fluide
avec le dispositif de mise sous pression principal
(108) et disposé en aval de et en communication de
fluide avec l'ensemble d’échangeur de chaleur
(105), le systéme de réfrigération (460) comprenant
un échangeur de chaleur auxiliaire (464) configuré
pour étre en communication de fluide et en commu-
nication thermique avec un flux de réfrigérant et pour
transférer de I'énergie thermique du fluide de travail
au flux de réfrigérant afin de réguler la pression du
fluide de travail au niveau de I'admission (128) du
dispositif de mise sous pression principal (108).

Systeme de moteur thermique (100) selon la reven-
dication 8, dans lequel 'ensemble d’échangeur de
chaleur (105) est en outre configuré pour stocker au
moins une partie du fluide de travail dans celui-ci
durant une période de non-fonctionnement du sys-
teme de moteur thermique (100).

Systeme de moteur thermique (100) selon la reven-
dication 1, dans lequel au moins un de ce qui suit
s’applique :

(a) 'ensemble d’échangeur de chaleur (105)
comprend en outre un systéme de chauffage
configuré pour étre en communication de fluide
et en communication thermique avec une sour-
cede chaleuretpourtransférerde'énergie ther-
mique de la source de chaleur au fluide de travail
afin de réguler la pression du fluide de travail au
niveau de I'admission (128) du dispositif de mise
sous pression principal (108) ;

(b) chacun des échangeurs de chaleur refroidis
au gaz estun échangeurde chaleur aventilateur
a ailettes, et 'agent de refroidissement com-
prend de l'air.
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Systeme de moteur thermique (100) selon la reven-
dication 1, dans lequel le fluide de travail comprend
du dioxyde de carbone dans un état sous-critique et
un état supercritique dans différents endroits du cir-
cuit de fluide de travail.

Systeme de moteur thermique (100) selon une quel-
conque revendication précédente, dans lequel I'en-
semble d’échangeur de chaleur (108) comprend :

un collecteur d’admission (130) en communica-
tion de fluide avec le récupérateur (104) ; et
un collecteur d’évacuation (132) en communi-
cation de fluide avec le dispositif de mise sous
pression principal (108),

dans lequel la pluralité d’échangeurs de chaleur
refroidis au gaz (134a-d) sont reliés de maniere
fluidique au collecteur d’admission (130) et au
collecteur d’évacuation (132) et agencés en pa-
ralléle les uns avec les autres.

Procédé (600) pour commander une pression d’'un
fluide de travail au niveau d’'une admission (128) d’'un
dispositif de mise sous pression principal (108) d’'un
systéeme de moteur thermique (100), comprenant :

la circulation (602) du fluide de travail dans un
circuit de fluide de travail d’'un systeme de mo-
teur thermique (100) via le dispositif de mise
sous pression principal (108) ;

le transfert (604) d’énergie thermique d’un flux
de source de chaleur au fluide de travail dans
un échangeur de chaleur perdue (110) du circuit
de fluide de travail ; 'expansion (606) du fluide
de travail dans un dispositif d’expansion (102)
en communication de fluide avec I'échangeur
de chaleur perdue (110) ;

la détection (608) de la pression du fluide de
travail au niveau de I'admission (128) du dispo-
sitif de mise sous pression principal (108) du
circuit de fluide de travail via un ou plusieurs
capteurs (146) ;

la modulation (610) d’'une vitesse de rotation
d’au moins un ventilateur configuré pour diriger
un agent de refroidissement en contact avec un
échangeur de chaleur refroidi au gaz respectif
d’une pluralité d’échangeurs de chaleur refroidis
au gaz (134a-d) d’'un ensemble d’échangeur de
chaleur (105) du circuit de fluide de travail, dans
lequel la modulation de la vitesse de rotation de
'au moins un ventilateur comprend :

I'ajustement d’'une qualité ou d’'une densité
thermodynamiques du fluide de travail
s’écoulant a travers I'ensemble d’échan-
geur de chaleur (105) surla base de la pres-
sion détectée ; et

'apport (612) du fluide de travail ayant la
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qualité ou la densité thermodynamiques
ajustées a 'admission du dispositif de mise
sous pression principal (108), ajustant et
commandant ainsi la pression du fluide de
travail au niveau de I'admission (128) du
dispositif de mise sous pression principal
(108).

Procédé (600) selon la revendication 13, compre-
nant en outre la transmission d’'une ou plusieurs ins-
tructions sur la base de la pression détectée a au
moins un dispositif de commande d’élément d’en-
tratnement couplé fonctionnellement a un élément
d’entrainement configuré pour entrainer I'au moins
un ventilateur, dans lequel I'au moins un dispositif
de commande d’élément d’entrainement est un va-
riateur de fréquence ou un commutateur.

Procédé (600) selon la revendication 13, compre-
nant en outre I'ajustement d’'une pluralité de valves
de I'ensemble d’échangeur de chaleur (105) pour
isoler de maniére sélective un ou plusieurs échan-
geurs de chaleur refroidis au gaz de I'ensemble
d’échangeur de chaleur (105) d’un reste du circuit
de fluide de travail, dans lequel chacun des échan-
geurs de chaleurrefroidis au gaz estcouplé parfluide
a un collecteur d’admission (130) et un collecteur
d’évacuation (132) de I'ensemble d’échangeur de
chaleur (105), etla pluralité d’échangeurs de chaleur
refroidis au gaz (134a-d) sont disposés en paralléle
les uns avec les autres dans le circuit de fluide de
travail.
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CIRCULATING THE WORKING FLUID IN AWORKING FLUID CIRCUIT OF
A HEAT ENGINE SYSTEM VIA THE MAIN PRESSURIZATION DEVICE

il 604

TRANSFERRING THERMAL ENERGY FROM A HEAT SOURCE STREAM
TO THE WORKING FLUID IN AWASTE HEAT EXCHANGER OF THE
WORKING FLUID CIRCUIT

: 606

EXPANDING THE WORKING FLUID IN AN EXPANSION DEVICE IN FLUID
COMMUNICATION WITH THE WASTE HEAT EXCHANGER

v 608

DETECTING THE PRESSURE OF THE WORKING FLUID AT THE INLET
OF THE MAIN PRESSURIZATION DEVICE OF THE WORKING FLUID
CIRCUIT VIA ONE OR MORE SENSORS

~610

MODULATING A ROTATIONAL SPEED OF AT LEAST ONE FAN
CONFIGURED TO DIRECT A COOLING MEDIUM IN CONTACT WITH A
RESPECTIVE GAS-COOLED HEAT EXCHANGER OF A PLURALITY OF

GAS-COOLED HEAT EXCHANGERS OF A HEAT EXCHANGER

ASSEMBLY OF THE WORKING FLUID CIRCUIT

v /‘612

FEEDING THE WORKING FLUID HAVING THE ADJUSTED
THERMODYNAMIC QUALITY TO THE INLET OF THE MAIN
PRESSURIZATION DEVICE, THEREBY ADJUSTING AND CONTROLLING
THE PRESSURE OF THE WORKING FLUID AT THE INLET OF THE MAIN
PRESSURIZATION DEVICE

FIG. 6
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