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Description

TECHNICAL FIELD

[0001] Aspects generally relate to (and are not limited
to) an apparatus including an energy-management sys-
tem for recirculating, at least in part, carbon dioxide rel-
ative to an engine. Other aspects relate to an apparatus
having a cooling system configured to circulate a cooling
medium relative to a heat-generating assembly of an en-
gine.

BACKGROUND

[0002] An engine (of a vehicle), such as an internal-
combustion engine (ICE), has a heat generating assem-
bly, such as a combustion chamber. The combustion
chamber facilitates combustion of a fuel (such as a fossil
fuel) with an oxidizer (such as air). The combustion cham-
ber may be recessed in a cylinder head of the engine
and contains an intake valve and an exhaust valve. Some
engines use a dished piston and in this case, the com-
bustion chamber is a part of a cylinder that slidably re-
ceives the dished piston. After fuel ignition, the combust-
ing fuel and oxidizer mixture acts upon the piston in such
a way as to push the piston in a direction of the expending
combusting gas (fuel).
[0003] In the internal-combustion engine, the expan-
sion of the high-temperature and high-pressure gases
produced by combustion (in the combustion chamber)
apply a direct force to a movable component (such as a
piston assembly) of the engine. This force moves the
component over a distance, transforming chemical en-
ergy into useful mechanical energy. The term internal-
combustion engine usually refers to an engine in which
combustion is intermittent, such as the fourstroke piston
engine and/or the two-stroke piston engine, along with
variants, such as the six-stroke piston engine and the
Wankel rotary engine and equivalents thereof.
[0004] Another class of internal-combustion engines
use continuous combustion: gas turbines, jet engines,
and rocket engines, each of which are internal-combus-
tion engines that are configured to operate under the
same principle as previously described. The internal-
combustion engine is different from known external-com-
bustion engines, such as the steam engine or Stirling
engines, in which the energy is delivered to a working
fluid (cooling medium) not consisting of, mixed with, or
contaminated by combustion products. Working fluids
can be air or some noble gases, hot water, pressurized
water or even liquid sodium, heated in some kind of boiler.
Internal-combustion engines are usually powered by en-
ergy-dense fuels such as gasoline or diesel, or liquids
derived from fossil fuels. While there are many stationary
applications, most internal-combustion engines are used
in mobile applications and are the dominant power supply
for cars, aircraft, and boats.
[0005] Two common forms of engine cooling are air-

cooled and water-cooled. Most modern engines are wa-
ter-cooled. Some engines (air cooled or water cooled)
also have an oil cooler. Cooling is required to remove
excessive heat from the engine. Over-heating of the en-
gine may cause engine failure, usually from wear, crack-
ing or warping. The term "internal-combustion engine
cooling" refers to the cooling of the internal-combustion
engine, typically using either air or a liquid. Typically, in-
ternal-combustion engines of a car may use water for
cooling (if so desired).
[0006] Heat engines (also known as the engine or the
internal-combustion engine, etc.) generate mechanical
power by extracting energy from expanding gas gener-
ated by internal combustion, much as a water wheel ex-
tracts mechanical power from a flow of mass falling
through a distance. Because of the enclosed combustion
process, an engine of a car (vehicle) operates inefficient-
ly, so considerably more fuel chemical energy enters the
engine than comes out as mechanical power; the differ-
ence is waste heat that must be removed. The internal-
combustion engine is configured to remove waste heat
through heat absorption by cool intake air, quick removal
of hot exhaust gases, explicit engine cooling and by sim-
ply radiating energy from a highly conductive engine
block and associated connections. Lubricating oil re-
moves a relatively small portion of engine heat as well.
Engines with a higher efficiency have more energy that
leaves as mechanical motion and less as waste heat.
[0007] Some waste heat may be removed from the
cabin of the automobile (vehicle), so that the driver (ve-
hicle operator) is comfortable during prolonged driving in
a relatively higher environmental temperature. This heat
is considered lost since a compressor driven by an engine
shaft directly removes this energy. Passenger-cabin
cooling is a feature of a vehicle, and may be supplied as
a standard option.
[0008] Heat engines need cooling to operate properly.
Cooling is also needed because high temperatures may
lead to inadvertent damage to engine materials and lu-
bricants. Internal-combustion engines burn fuel hotter
than the melting temperature of engine materials, and
hot enough to set fire to the lubricants. Engine cooling
removes energy fast enough to keep temperatures low
so the engine can survive and operate reliably. Good
control over the operating temperature of the engine is
an important aspect for engine performance and efficien-
cy.
[0009] Some high-efficiency engines operate without
explicit cooling, and with only accidental heat loss in ac-
cordance with a design called adiabatic. For example,
10,000 mile-per-gallon cars are insulated; both to transfer
as much energy as possible from hot gases to mechan-
ical motion, and to reduce reheat losses when restarting.
Such engines can achieve high efficiency by impacting
power output, duty cycle, engine weight, durability,
and/or emissions.
[0010] Most internal-combustion engines are fluid
cooled using either air (a gaseous fluid) or a liquid coolant
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that runs through a heat exchanger (radiator) cooled by
air. Marine engines and some stationary engines have
ready access to a large volume of water at a suitable
temperature. The water may be used directly to cool the
engine, but often has sediment that may inadvertently
clog coolant passages, or chemicals, such as salt, min-
erals and deposits that can chemically damage the en-
gine. Thus, engine coolant may be run through a heat
exchanger that is cooled by the body of water in order to
avoid inadvertent damage in the engine.
[0011] Most liquid-cooled engines use a mixture of wa-
ter and chemicals such as antifreeze and rust inhibitors.
The term for the antifreeze mixture is engine coolant.
Some antifreezes use no water at all, instead using a
liquid with different properties, such as propylene glycol
or a combination of propylene glycol and ethylene glycol.
Most air-cooled engines use some liquid oil cooling, to
maintain acceptable temperatures for both critical engine
parts and the oil itself. Most liquid-cooled engines use
some air cooling, with the intake stroke of air used for
combustion. The heat energy absorbed by cold intake
air is lost energy, and is not recovered due to heating of
the intake air. Gaseous cooling for the engine is not ca-
pable, by sensible heat only, to remove all the heat gen-
erated by the internal-combustion process. Water has
high-heat capacity and is a good coolant medium. Water
requires large-size conductive channels so that the water
may flow freely within the engine block. The water cooling
operates at the very critical temperature, close to 100
degrees Centigrade when water boils. Boiling water is
undesirable for engine cooling. This very nature of cur-
rent ICE cooling, operating around water critical point,
may be limiting.
[0012] There are many demands on a cooling system
of the engine. One requirement is that an engine may fail
if just one part of the engine overheats. Therefore, it is
vital that the cooling system of the engine keeps all parts
of the engine at suitably stable temperatures and at an
efficient operating point. Liquid-cooled engines are able
to vary the size of their passageways through the engine
block so that coolant flow may be tailored for the needs
of each area. Locations with either high peak tempera-
tures (narrow islands around the combustion chamber)
or high-heat flow (around exhaust ports) may require
generous cooling. This reduces the occurrence of hot
spots, which are more difficult to avoid with air cooling.
Air-cooled engines may also vary their cooling capacity
by using more closely spaced cooling fins in that area,
but this can make their manufacture difficult and expen-
sive. Besides, cooling air temperature may very signifi-
cantly during engine operation.
[0013] Some parts of the engine, such as the engine
block and head, are cooled directly by the main coolant
system. Moving parts such as the pistons, and to a lesser
extent the crank and rods, must rely on the lubrication oil
as a coolant, or to a very limited amount of conduction
into the engine block and thence the main coolant. High-
performance engines frequently have additional oil, be-

yond the amount needed for lubrication, sprayed up-
wards onto the bottom of the piston just for extra cooling.
This oil is then air cooled via air heat exchanger. There-
fore, the heat energy is expelled into an environment and
is not recovered.
[0014] Liquid-cooled engines usually have a circula-
tion pump. The first engines relied on thermo-syphon
cooling alone, where hot coolant left a top of the engine
block and passed to the radiator, where it was cooled
before returning to the bottom of the engine. Circulation
was powered by convection alone.
[0015] Other demands include other factors such as
cost, weight, reliability, and durability of the cooling sys-
tem itself. Cooling with water requires large liquid chan-
nels, and that makes engine coolant-fluid containment
relatively bigger and heavier. This adds weight to moving
vehicles and adds to overall burden to engine efficiency,
and lowers fuel efficiency of the car.
[0016] Conductive heat transfer is proportional to the
temperature difference between materials. If the engine
metal is at 250°C (degrees Centigrade) and the air is at
20°C, then there is a 230°C temperature difference for
cooling. An air-cooled engine uses all of this difference.
In contrast, a liquid-cooled engine might dump heat from
the engine to a liquid, heating the liquid to 135°C (the
standard boiling point of water is 100°C and can be ex-
ceeded as the water cooling system is allowed to be both
pressurized, and uses a mixture with antifreeze) which
is then cooled with 20°C air. In each step, the liquid-
cooled engine has half the temperature difference and
so at first appears to need twice the cooling area.
[0017] However, properties of the coolant (water, oil,
or air) also affect cooling. For example, comparing water
and oil as coolants, one gram of oil can absorb about
55% of the heat for the same rise in temperature (called
the specific heat capacity). Oil has about 90% the density
of water, so a given volume of oil can absorb only about
50% of the energy of the same volume of water. The
thermal conductivity of water is about four times that of
oil, which can assist in heat transfer. The viscosity of oil
can be ten times greater than water, increasing the en-
ergy required to pump oil for cooling, and reducing the
net power output from the engine.
[0018] Comparing air and water, air has a vastly lower
heat capacity per gram and per volume, and less than a
tenth the conductivity, but also much lower viscosity
(about 200 times lower). Therefore, air-cooling needs ten
times the surface area, therefore, the fins, and the air
needs about 2000 times the flow velocity and thus the
recirculating air fan may need ten times the power of a
recirculating water pump. It may be desirable to eliminate
cooling fans and coolant pumps (to improve reliability of
the engine).
[0019] Moving heat from the cylinder to a large surface
area for air cooling can present problems such as diffi-
culties associated with manufacturing the shapes need-
ed for good heat transfer and the space needed for free
flow of a large volume of air. Water boils at about the
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same temperature desired for engine cooling. This has
the advantage that it absorbs a great deal of energy with
a relatively little rise in temperature (called the heat of
vaporization), which is good for keeping things cool; how-
ever, this is not utilized for cooling internal-combustion
engines due to size and weight requirements. In moving
vehicles, this may also be very inefficient.
[0020] In contrast, passing air over several hot objects
in series warms the air at each step, so the first step may
be over-cooled and the last step may be under-cooled.
However, once water boils, if vaporized water is not re-
moved and cooled, it acts an insulator, leading to a sud-
den loss of cooling where steam bubbles form; unfortu-
nately, steam may return to water as it mixes with other
coolants, so an engine temperature gauge can indicate
an acceptable temperature even though local tempera-
tures are high enough that damage is done to the engine.
[0021] The parts of the engine need different temper-
atures. For example, the inlet includes a compressor of
a turbo, inlet trumpets, inlet valves that need to be as
cold as possible for proper operation. A countercurrent
heat exchange with forced cooling air may assist in this
requirement. The cylinder-walls should not heat up the
air before compression, but also not cool down the gas
in the combustion chamber. Operating temperature of
the internal-combustion engine is set due to limits of cool-
ing water and not due to efficiency of energy conversion.
Since water is used for cooling with boiling temperature
at 100°C, a compromise is established so that a cylinder
wall temperature is around 90°C. Then, the viscosity of
the oil is optimized for just this temperature. Any cooling
of the exhaust and the turbine of the turbocharger reduc-
es the amount of power available to the turbine, so the
exhaust system is often insulated between engine and
turbocharger to keep the exhaust gases as hot as pos-
sible.
[0022] The temperature of the cooling air may range
from well below freezing to 50°C. Further, while engines
in long-haul boat or rail service may operate at a steady
load, road vehicles often see widely varying and quickly
varying load. Thus, the cooling system is designed to
vary cooling so the engine is neither too hot nor too cold.
Cooling-system regulation includes adjustable baffles in
the air flow (sometimes called shutters and commonly
run by a pneumatic shutter). A fan operates either inde-
pendently of the engine, such as an electric fan, or which
has an adjustable clutch. A thermostatic valve (also
called a thermostat) can block the coolant flow when con-
ditions are too cool. In addition, the motor, coolant, and
heat exchanger have some heat capacity, which
smoothens out temperature increase in short sprints.
Some engine controls shut down an engine or limit engine
operation to half throttle if the engine overheats. Some
electronic engine controls adjust cooling based on a
throttle condition to anticipate a temperature rise, and
limit engine power output to compensate for finite cooling.
Accurate engine temperature control is relatively nonex-
istent.

[0023] It is usually desirable to minimize the number
of heat transfer stages in order to maximize the temper-
ature difference at each stage. However, some diesel
two-stroke cycle engines use oil cooled by water, with
the water in turn cooled by air. The coolant used in many
liquid-cooled engines must be renewed periodically, and
can freeze at ordinary temperatures thus causing per-
manent engine damage.
[0024] Cars and trucks using direct air cooling (without
an intermediate liquid) were built over a long period from
the very beginning, and ending with a small and generally
unrecognized technical change. Before World War II, wa-
ter-cooled cars and trucks routinely overheated while
climbing mountain roads, creating geysers of boiling wa-
ter. This was considered normal, and at the time, most
noted mountain roads had auto repair shops to minister
to overheated engines.
[0025] During that period, some car manufacturers
built diesel trucks, farm tractors, and passenger cars that
were air-cooled. Air-cooled engines may be adapted to
extremely cold and hot environmental weather temper-
atures. Air-cooled engines may start and run in freezing
conditions (in which water-cooled engines cannot since
they may become stuck), and continue working when
water-cooled engines start producing unwanted leakage
in the form of steam jets. Furthermore, with the possibility
of working at higher temperatures, air-cooled engines
may have an advantage from a thermodynamic point of
view. A problem met in air-cooled aircraft engines was
the so-called shock cooling when an airplane entered in
a dive after climbing or leveled flight with the throttle
opened. With the engine under no-load while the airplane
dives, the engine generates less heat, and the flow of air
that cools the engine is increased. A catastrophic engine
failure may result as different parts from the engine have
different temperatures, and thus different thermal expan-
sions. In such conditions, the engine may get stuck or
seize, and any sudden change or imbalance in the rela-
tion between heat produced by the engine and heat dis-
sipated by cooling may result in an increased wear in the
engine, as a consequence also of thermal dilatation dif-
ferences between parts from the engine may cause the
engine to inadvertently crack.
[0026] Liquid cooled engines have more stable and
uniform working temperatures, and are less susceptible
to variation in air temperatures. Most engines are liquid-
cooled. Liquid cooling is also employed in maritime ve-
hicles (vessels). For vessels, the seawater, itself is most-
ly used for cooling. In some cases, chemical coolants are
also employed (in closed systems), or they are mixed
with seawater cooling. While liquid cooling in general has
some advantages, it may require larger cooling passages
and tends to operate at the smaller temperature differ-
ential. As well, the optimal operating temperature of the
engine may be outside the water cooling operating range.
[0027] The change from air cooling to liquid cooling
occurred at the start of World War II when the military
needed more reliable vehicles. The subject of boiling en-
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gines was addressed, researched, and a solution was
found. Previous radiators and engine blocks were prop-
erly designed and survived durability tests, but used wa-
ter pumps with a leaky graphite-lubricated rope seal
(gland) on a pump shaft. The seal was inherited from
steam engines, where water loss is accepted since steam
engines already expend large volumes of water. Because
the pump seal leaked mainly when the pump was running
and the engine was hot, the water loss evaporated in-
conspicuously, leaving at best small rusty traces when
the engine stopped and cooled, thereby not revealing
significant water loss. Automobile radiators (or heat ex-
changers) have an outlet that feeds cooled water to the
engine, and the engine has an outlet that feeds heated
water to the top of the radiator. Water circulation is aided
by a rotary pump that has only a slight effect, having to
work over such a wide range of speeds that its impeller
has only a minimal effect as a pump. While running, the
leaking pump seal drained cooling water at a level where
the pump could no longer return water to the top of the
radiator, so water circulation ceased and water in the
engine boiled. However, since water loss led to engine
overheating and further water loss from boil-over, the
original water loss was hidden.
[0028] After isolating the pump problem, cars and
trucks built for the war effort were equipped with carbon-
seal water pumps that did not leak and caused fewer
inadvertent geysers. Meanwhile, air cooling advanced in
memory of boiling engines even though boil-over was no
longer a common problem. Air-cooled engines became
popular throughout Europe. As air quality awareness
rose in the 1960s, and laws governing exhaust emissions
were passed, unleaded gas replaced leaded gas, and
leaner fuel mixtures became the norm. These reductions
in the cooling effects of both the lead and the formerly
rich fuel mixture, led to overheating of the air-cooled en-
gines. Valve failures and other engine damage resulted.
One manufacturer responded by abandoning their (flat)
horizontally opposed air-cooled engines, while another
manufacturer chose liquid cooling for their engine when
it was introduced.
[0029] However, many motorcycles use air cooling for
the sake of reducing weight and complexity. Some auto-
mobiles have air-cooled engines, but historically, it was
common for many high-volume vehicles to be preferably
cooled by air.
[0030] Most aviation piston engines are air-cooled, in-
cluding most of the engines currently manufactured and
used by major manufacturers of aircraft but there are
some exceptions.
[0031] Other engine manufacturers use a combination
of air-cooled cylinders and liquid-cooled cylinder heads
[0032] An engine cooled by evaporation of carbon di-
oxide is known from SU1719694.

SUMMARY

[0033] I, the inventor, have researched a problem as-

sociated with engines in general. After much study, I be-
lieve I have arrived at an understanding of the problem
and its solution, which are stated below. The state of the
art appears to identify many options for potential solu-
tions, but the problems appear to persist anyway.
[0034] There appears to be an opportunity for better
engine temperature control and/or engine efficiency im-
provements. Management of temperature of the internal-
combustion engine, of significant heat losses resulting
from irreversibility associated with very poor energy con-
versions are important factors. There are known engines
where irreversible heat generation resulting from the en-
ergy conversion process may be improved. Utilizing a
liquid-gas phase change may allow for improved temper-
ature control of the engine with an optional additional
benefit of allowing for some energy previously deemed
waste energy to be partially recovered and reused.
[0035] In one form, the current state of the art (in au-
tomotive industry related to the internal-combustion en-
gine) has relatively poor overall efficiency for fuel con-
version factor over a range from about 20% to about 40%
of fuel-energy content. Some engines operate currently
at about 20% fuel-to-wheel efficiency. The efficiency of
the engine is a ratio of the power at the wheels to the
energy in the fuel used to feed the engine. The best ratio
today is in the range of about 38 % to about 54% largely
dependent upon the engine type. To better relate this to
common driving conditions, a medium-sized car converts
about 74% of the fuel energy into heat, which is classified
as non-propelling energy (that is, energy wastage). High-
energy efficiency is important for low fuel consumption
and for savings in the cost of hydrocarbon fuel and in
reduced environmental impact. The carbon dioxide and
sulphur emissions (arising from fuel consumption by the
vehicle) are directly related to fuel consumption. Various
techniques are used to increase efficiency of the internal-
combustion engine. Some methods use exhaust gas ki-
netic energy to increase air intake pressure (such as,
turbochargers). Other methods use engine power to
compress the intake air, and these are known in the art
as superchargers. Both methods aim to increase the
compression ratio to improve fuel conversion efficiency
of the engine. Increasing the compression ratio may be
done by tapping into the mechanical power of the engine,
and improving poor airfuel mixture (reducing fuel knock-
ing) reduces the torque of the engine, and this may be a
major obstacle for better fuel economy of the automobile.
Other methodologies in the automobile art may be used
to improve automobile efficiency. No small steps are be-
ing taken to reduce engine driving loads as well as au-
tomobile parasitic loads. Vehicle parts are lightened to
reduce the weight of the moving mass of the vehicle.
Electrical demand on automobiles has been increasing
steadily and represents a large parasitic load on the en-
gine as well. Charging of the battery of an engine demand
more and more energy that is not used to propel the car
(vehicle solely driven by the internal-combustion engine).
Further efforts are made in reducing overall weight of the
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automobile chassis with aim to reducing energy demand
as well as optimizing a shape of the automobile to reduce
the total aerodynamics drag of a vehicle; this may include
optimization of many factors such as profile drag, induced
drag, skin friction drag, interference drag and cooling and
ventilation system drag. Currently, the air water heat ex-
changer is usually frontally located forcing car designs
around the optimal aerodynamic form. If cooling other
than water is used, and larger portion of the heat gener-
ated by the internal-combustion engine is recovered,
then only portion of the heat energy will be dissipated
into environment and perhaps different shape and
streamlined form of the air heat exchanger may be used.
For example, the action of dissipation of heat may be
done to the environment unassisted.
[0036] There may be a need to improve engine cooling,
car cooling, and ventilation. Energy required for cooling
of the engine, and heating and cooling of the passenger
cabin is another additional demand on the overall auto-
mobile efficiency. Currently, the engine is cooled by water
in a conduction mode only. As well, water evaporative
cooling is not used for heat removal in current state of
the art.
[0037] United States Patent Number
7353661discloses engine cooling and energy capture
and recovery, and identifies dual cooling loops config-
ured to remove energy from hot water or working fluid.
[0038] United States Patent Publication Number
2011/0192163 discloses usage of the classical Rankine
cycle to recover heat energy from the internal-combus-
tion engine but still uses multiple cooling loops and mul-
tiple working fluids in elaborate control schemes not ad-
dressing the issue of engine cooling and temperature
control.
[0039] United States Patent Publication Number
2012/0260640 discloses an apparatus configured for ex-
haust heat recovery. The apparatus is fluidly connected
to a heat exchanger, and is devised to control energy
recovery when heat is available but not in a continuous
way.
[0040] The recovery of the energy captured by water
as a cooling medium is less cost effective because re-
covery at small temperature delta differentials requires
large heat exchangers and devices that are not practical
for moving applications (vehicles).
[0041] Therefore, there is a need to provide improved
or better cooling of the engine or of heat sources of var-
ious types associated with the engine. As well, it may be
advantageous to reclaim waste heat potentially available
as unrecovered energy.
[0042] In order to mitigate, at least in part, some of the
problems identified above, in accordance with an aspect
of my work, I (the inventor) have developed an apparatus,
comprising a movable vehicle. The movable vehicle in-
cludes a heat-generating assembly. The heat-generating
assembly is configured to generate heat once actuated
to do just so. A cooling system is configured to circulate
a cooling medium having the carbon dioxide relative to

the heat-generating assembly. This is done in such a way
that the carbon dioxide conveys heat from the heat-gen-
erating assembly to the cooling medium. The cooling me-
dium transports the heat away from the heat-generating
assembly.
[0043] In order to mitigate, at least in part, some of the
problems identified above, in accordance with an aspect
of my work, I (the inventor) have developed a method
comprising circulating a cooling medium having the car-
bon dioxide relative to a heat-generating assembly of an
engine. This is done in such a way that the carbon dioxide
conveys heat from the heat-generating assembly to the
cooling medium. The cooling medium transports the heat
away from the heat-generating assembly.
[0044] In order to mitigate, at least in part, some of the
problems identified above, in accordance with other as-
pects of my work, I (the inventor) have developed and
provided an apparatus, including an internal combustion
engine including: a heat-generating assembly; and a
cooling system. The cooling system is configured to be
positioned relative to the heat-generating assembly. The
cooling system is configured to recirculate a cooling me-
dium having carbon dioxide relative to the heat-generat-
ing assembly in such a way that the carbon dioxide con-
veys heat from the heat-generating assembly to the cool-
ing medium, and the cooling medium transports the heat
away from the heat-generating assembly.
[0045] In order to mitigate, at least in part, some of the
problems identified above, in accordance with other as-
pects of my work, I (the inventor) have developed and
provided an apparatus, including an engine being con-
figured to generate energy having a first amount of the
energy being usable, at least in part, for performing work,
and also having a second amount of the energy not being
useable, at least in part, to perform the work, the appa-
ratus also includes an energy-management system con-
figured to recirculate, at least in part, carbon dioxide rel-
ative to the engine in such a way that the carbon dioxide
exchanges, at least in part, the second amount of the
energy not being useable to perform the work once the
carbon dioxide is made to recirculate, at least in part,
along the energy-management system. In use, the en-
ergy-management system recirculates, at least in part,
the carbon dioxide.
[0046] In order to mitigate, at least in part, some of the
problems identified above, in accordance with other as-
pects of my work, I (the inventor) have developed and
provided an apparatus including an engine, and an en-
ergy-management system. The energy-management
system is configured to recirculate, at least in part, carbon
dioxide relative to the engine in such a way that the car-
bon dioxide exchanges, at least in part, energy relative
to the engine once the carbon dioxide is made to recir-
culate, at least in part, along the energy-management
system.
[0047] In order to mitigate, at least in part, some of the
problems identified above, in accordance with other as-
pects of my work, I (the inventor) have developed and
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provided other aspects as provided in the claims.
[0048] Other aspects and features of the non-limiting
embodiments may now become apparent to those skilled
in the art upon review of the following detailed description
of the non-limiting embodiments with the accompanying
drawings.
[0049] In some aspects, a structure and/or an appara-
tus is configured to cool the engine that may result in
significant mass reduction and/or elimination of toxic
coolants and/or associated hardware, as well as improv-
ing engine cooling without the possibility of the coolant
freezing at extreme temperatures. It is a common prac-
tice today that air conditioning of the passenger cabin of
the vehicle is done by the air-conditioning modules di-
rectly operated by the internal-combustion engine. These
climate control systems may include a compressor con-
figured to compress a cooling medium, an evaporator
configured to absorb the heat, and/or a condenser (a gas
cooler) configured to remove heat from the cooling fluid;
these assemblies are configured to remove heat from
the passenger cabin of the automobile, or to supply heat
to the cabin.
[0050] United States patent Number 6138468 (also
published as European Patent Number 0935107) dis-
closes a cooling system powered by the internal-com-
bustion engine, and uses a carbon dioxide refrigerant.
The cooling system is configured to cool the passenger
compartment of the vehicle.
[0051] United States Patent Number 8156754 disclos-
es an internal heat exchanger configured to speed up
engine heat-up time and improve cooling of the engine
in a separate cooling medium.
[0052] United States Patent Number 7066245 disclos-
es management of automobile cooling and heating, in
which cabin heating and cooling are done by opening
and closing intake air channels and diverting heat outside
of the car or in the cabin.
[0053] To date, the engine is cooled by water or by a
combination of water and freeze-prevention additives
that limit engine temperature to the boiling point temper-
ature of the cooling medium. The maximum operating
temperature may be 125 degrees centigrade, and this
appears to be the operating temperature of the most au-
tomobile engines. A cooling loop is used to cool the in-
ternal-combustion engine. It may be desirable to cool the
piston blocks (engine block that forms piston cylinders
that each operatively receives and accommodates a re-
spective piston), and/or piston head, and/or a valve gate
housing. The known systems provide temperature con-
trol of the engine that has not been improved much from
early automobile production. A thermostat, mechanical
in nature, controls the flow of the cooling-water mixture
through the engine passages, and variation in tempera-
ture throughout the water-cooled loop is unpredictable
and largely uncontrolled. Besides, water heat absorption
is a sensible process with 1 kilogram (kg) water absorbs
about 25 kilojoules (kJ) of heat for the temperature dif-
ference of 5 degrees Centigrade. An order of magnitude

more heat, 250 kJ, can be removed when boiling process
with sensible and latent heat is utilized.
[0054] Efficiency of the operating cycle in the internal-
combustion engine may be determined by operating tem-
peratures and pressures. In light of the above drawbacks,
some aspects provide aspects of an apparatus that are
configured to control temperature of an engine (or engine
components independently from each other), and/or op-
tionally profile the temperature across the engine in such
a way that efficiency and engine performance may be
increased at least in part.
[0055] In some aspects, the apparatus provides, at
least in part, improved utilization (re-use) of the heat
(thermal) energy provided by the internal-combustion en-
gine. By reusing the heat energy (previously considered
not-recoverable energy), overall efficiency of the internal-
combustion engine may be improved (at least in part),
and the negative environmental impact of automobiles
may be reduced as well (at least in part).
[0056] United State Patent Number 7178358 (also
published as European Patent Number 1441121) dis-
closes a method for recovering some heat removed from
the engine and heat removed from the exhaust systems
by using a heater in an interface between two cooling
loops. The cooling loop circulates water, and a vapor
compression loop is used for cooling the car interior; the
loops are thermally connected via heat exchanger. Eu-
ropean Patent (EP) Number 1441121 discloses an ar-
rangement in which a limited amount of energy can be
recovered due to nature of the water-cooling circuit op-
erating at the small temperature differential.
[0057] Therefore, there may be a need to improve heat
recovery from the internal-combustion engine, the pas-
senger cabin and other associated equipment and pay-
loads where excess heat is available.
[0058] An aspect provides an apparatus configured to
provide temperature control of the internal-combustion
engine by way of a cooling medium where sensible and
latent heat of the cooling medium is used to remove heat
from the internal-combustion engine.
[0059] A further aspect provides an apparatus config-
ured to cool a part of the engine with different cooling
flow to vary the temperature according to engine demand
for maximum efficiency of operation and with thermal re-
lationship, thereby improving (at least in part) engine con-
version efficiency of the chemical energy of the fuel to
mechanicalmotive energy.
[0060] A further aspect provides an apparatus config-
ured to remove heat from the engine and/or from the
cabin in a closed coolant flow, and convert this heat en-
ergy into one of the usable energy forms (means) such
as electrical, mechanical or chemical via a well-known
expansion device.
[0061] A further aspect provides an apparatus config-
ured to combine, via a heat exchanger, heat recovered
from the internal-combustion engine and/or heat ex-
hausted from the internal-combustion engine, and pos-
sibly heat from the passenger cabin in such a way as to
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use this combined source of recovered energy (in a
meaningful way) to generate energy. To date, these
sources of energy have been mostly dumped in the en-
vironment, and for the internal-combustion engine this
may amount to over 70% of the utilized fuel energy con-
tent. In an embodiment, the engine block of the internal-
combustion engine (ICE) is configured to have at least
one or more suitably placed piston sleeves made with a
plurality of fluid cannels suitably sealed with multiple en-
try points and exit points in such a way that the engine
block has independently temperature-controlled zones.
A set of valves located upstream of the fluid channels
may be used to control fluid delivery responsive to tem-
perature control. Temperature control loops are respon-
sive to temperature feedback sensors, at least one,
mounted in the selectively placed location of the cylinder
sleeve where cooling or heating temperature may be
maintained with considerable accuracy not possible with
thermostatically controlled water valve known in the prior
art. In some arrangements, at least one valve is equipped
with pressure reducing element. The plurality of elements
is envisioned as well. Electrostatic or electronic controls
of the valves are possible and are not limited to simple
pressure drop created by micro tube of suitable diameter
for the demanded flow rate of the coolant and required
pressure drop. A pressure-reducing device is suitably
configured to receive coolant and vaporize at least a por-
tion of the coolant or produce the fine particles of liquid
droplets in average size at least less than 200 microm-
eters. The mixture of liquid droplets and vapor is sprayed
over component to maintain desired engine temperature
by absorbing heat into a cooling fluid.
[0062] In some embodiment, engine cylinder temper-
ature may be profiled to enhance fuel-burning character-
istic and improve gas-expanding force at the tail end of
the fuel burn, improving engine efficiency.
[0063] In some embodiments, the engine cylinder is
configured to allow for a smooth sliding surface for piston
with close tolerances to slide freely at predetermined op-
erating temperatures, and to slide freely in close toler-
ances during heat up time of the internal-combustion en-
gine (ICE).
[0064] In some embodiments, an inner surface of the
piston pathway is configured to control temperature of
the inner surface by combining in suitable ways, pressure
resistant sealed volume for the cooling medium to flow
and expand into gases state within confines of the
sleeves. The cylinder sleeve or any heated surface, in
some arrangements, is made of high thermally conduc-
tive material to facilitate the flow of the heat from the inner
surface of the heat generating means to the interior with
large contact surface for heat flow and transfer where
heat can be absorbed by the coolant.
[0065] In some embodiments, the sleeve arrangement
contains fluid in the inner space within sub-surface pas-
sageways, channels, macro channels, micro channels,
and/or open pores suitably arranged to facilitate a flow
of the cooling medium in a liquid, gas or liquid-gas mix-

ture. The cooling medium, in at least one fluid passage-
way or channel, is in fluid communications with a source
of the high-pressure coolant where the working coolant
medium is in a gas state and/or in a gas-liquid state of
carbon dioxide. The high thermally conductive material
(with open channel passages) allows for the working fluid
to expand. The working fluid can flow, evaporate and fill
the working volume of the coolant to the certain optimal
pressure level above atmospheric pressure. This work-
ing volume can be an alloy of copper or aluminum, and/or
as carbon-fiber structure with highly conductive nano-
tubes integrated in a web of the fibers.
[0066] Generally speaking, a cooling medium (working
fluid) includes carbon dioxide and any equivalent thereof,
such as a synthetically derived single or multi-component
refrigerant with similar heat removal capacity as carbon
dioxide.
[0067] In some embodiments, at least one temperature
sensor is used in electrical communications with a tem-
perature control unit, in communication with a pressure-
reducing valve and/or an injector valve to optimally vary
flow of the coolant in a proportionality to set temperature
and engine efficiency and power demands. In some as-
pects of the apparatus, the pressurized coolant is sup-
plied and used in a closed loop. In some embodiments,
other parts of the engine block are provided with a suit-
able set of fluidal containment channels in communica-
tions with pressure reducing supply valve and in commu-
nications with a temperature sensor and with a temper-
ature control unit to suitably maintain set point tempera-
ture of the engine part and/or the engine volume portion.
[0068] In some arrangements, the cooling medium is
of high pressure and is contained and allowed to expand
in a second out-flow passage to be collected once com-
pletely evaporated and delivered with some driving pres-
sure to the intake of the compressor units that compress
the suitable gas, with absorbed energy content, into a
smaller volume. Once compressed fluid evaporates, and
is enriched with heat energy and removed from the heat-
ed areas, it is now ready to let go of that energy at rela-
tively high temperatures. The heat movement is directly
proportional with differential temperature. Due to large
temperature increase, energy can be recovered with min-
imal cost and volume. This heat energy can be recovered
and used on the number of ways. Primarily, it is possible
to add more heat from the internal-combustion engine
gained from the exhaust system and combine exhausted
energy at the exhaust manifold and energy from other
heat sources, i.e. cabin internal cooling, fuel cell heat,
etc., by using the energy recovery heater (ERH). This
may be a significant amount of available energy with high
pressure to be recovered. Potentially, from about 50%
to about 70% fuel energy is consumed. The recovered
energy, in some embodiments, can be used to pressurize
and compress intake air and increase engine power in
well-known ways in the state of the art (i.e. superchargers
and turbochargers).
[0069] In some embodiments, energy is captured via
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a turbine expender, and energy gain by this way is con-
verted to electrical energy, mechanical energy and/or
chemical energy. In this stage, in some embodiments,
recovered energy can be used in the electric form to
charge batteries in a hybrid vehicle. In another form, en-
ergy can be stored in mechanical, electrical and/or chem-
ical energy storage, and used where the engine operator
requests demand for a particular type of power.
[0070] In some embodiments, once, energy is recov-
ered from the fluid, the working fluid (cooling medium) is
further sensibly cooled to environmental temperature
and additionally super cooled before delivery to pressure-
reducing valves to be evaporated (and the cycle may be
repeated). The cycle steps are: working medium/refrig-
erant is compressed, preheated, expanded, cooled, and
depressurized to evaporate and absorb new heat, and
then recompressed again in the continuous cycle. This
cycle of energy absorption and recapturing is driven, in
some embodiments, by the engine itself. In some em-
bodiments, the electric motor powered from the storage
of the electric or mechanical energy, alternatively via
chemical energy after reconversion to electric energy,
may drive this continual cycle of heat capturing and heat
recovery in a thermodynamic cycle for carbon dioxide
being cooled in a supercritical state.
[0071] In some embodiments, valve seats and exhaust
ports in the head of the engine are cooled by the working
fluid (the cooling medium) in communications with a pres-
sure-reducing valve (means) in electrical communica-
tions with a temperature controller that is configured to
control the pressure-reducing valves based upon the sig-
nal provided by the temperature sensor in communica-
tions with a temperature controller. The temperature sen-
sor is suitable mounted or attached to sense the temper-
ature of that zone. The temperature sensor may include
any sort of temperature detecting means (such as ther-
mocouple, thermistor, thermostat, etc.).
[0072] In some embodiments, the working fluid (the
cooling medium) may be used to pre-heat engine parts
to speed up the warm-up of the engine, and also may be
used to heat up the cabin of the vehicle or vehicle driving
parts or payloads as required. Where heat exists in one
part of the vehicle, the heat can be captured by this em-
bodiment and transferred and released or captured and
stored as reusable energy.
[0073] In other embodiments, additional supercritical
vapor cycles may be used for cooling passenger com-
partments where common components of the cooling
loops are shared.
[0074] In other embodiments, the internal-combustion
engine (and any equivalent thereof) may have or provide
a combination of a cooling assembly, and a heat-recov-
ery system configured for direct reclamation of heat gen-
erated by the internal-combustion engine. This may be
accomplished in a single cooling and thermodynamic
trans-critical cycle utilizing an organic, natural and read-
ily-available medium such as carbon dioxide as the cool-
ing medium (the working fluid). The working fluid is de-

livered via fluidic channels and/or micro bubbles dis-
pensed in a controlled manner and placed in thermal
communications with a heat source. Heat energy in a
gaseous phase of the working fluid is compressed to ob-
tain supercritical state, and add heat by the additional
heat sources (such as exhaust, or cabin heat) suitably
delivered to an expander, and in this way energy recovery
may be performed. The process is continuous and ener-
gized by the heat source itself or by the other onboard
energy sources. Closed-loop temperature control of the
engine parts is accomplished by the working fluid dis-
pensed by a pressure-reducing device in fluidic commu-
nications with a relatively high-pressure source of the
working fluid. Therefore, more accurate temperature
control may be achieved by sensing and adjusting cool-
ant flow to maintain optimal steady operating tempera-
ture of the engine.

BRIEF DESCRIPTION OF DRAWINGS

[0075] The non-limiting embodiments may be more ful-
ly appreciated by reference to the following detailed de-
scription of the non-limiting embodiments when taken in
conjunction with the accompanying drawings, in which:

FIGS. 1A and 1B (Sheet 1) depict schematic repre-
sentations of perspective views of an example of an
apparatus.
FIG. 2 (Sheet 2) depicts a schematic representation
of a cross-sectional side view of an example of the
apparatus of FIG. 1A and/or of FIG. 1B.
FIG. 3 (Sheet 3) depicts a schematic representation
of a cross-sectional side view of an example of the
apparatus 100 of FIG. 1A and/or of FIG. 1B.
FIGS. 4A and 4B (Sheet 4 and Sheet 5, respectively)
depict schematic representations of examples of the
apparatus 100 of FIG. 1A and/or of FIG. 1B.
FIG. 5 (Sheet 6) depicts a schematic representation
of an example of the apparatus of FIG. 1A and/or of
FIG. 1B.
FIG. 6 (Sheet 7) depicts a schematic representation
of an example of the apparatus of FIG. 1A and/or of
FIG. 1B.

[0076] The drawings are not necessarily to scale and
may be illustrated by phantom lines, diagrammatic rep-
resentations and fragmentary views. In certain instances,
details not necessary for an understanding of the em-
bodiments (and/or details that render other details diffi-
cult to perceive) may have been omitted.

REFERENCE NUMERALS

[0077] Corresponding reference characters indicate
corresponding components throughout the several fig-
ures of the Drawings. Elements in the several figures are
illustrated for simplicity and clarity and have not neces-
sarily been drawn to scale. For example, the dimensions
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of some of the elements in the figures may be empha-
sized relative to other elements for facilitating under-
standing of the various presently disclosed embodi-
ments. In addition, common, but well-understood, ele-
ments that are useful or necessary in commercially fea-
sible embodiment are often not depicted in order to fa-
cilitate a less obstructed view of these various embodi-
ments of the present disclosure.

100 apparatus
101 movable vehicle
102 engine
104 heat-generating assembly
105 piston assembly
108 connecting passageway
112 cooling system
116 cooling medium
117 pressure-reducing device
118 temperature sensor
122 pressure sensor
124 spray-generating device
125 intake assembly
127 heat-exchange structure
128 outlet assembly
129 circuit assembly
199 combustion chamber
200 energy-management system
201 circuit assembly
202 connection passageway
218 engine body
230 engine exhaust manifold
232 connection passageway
234 connection passageway
236 connection passageway
300 thermodynamic cycle
301 first compressor assembly
302 intercooler
303 second compressor assembly
304 heat exchanger
305 pressure-reducing gas expander
306 gas cooler
307 heat exchanger
308 fluid distribution connector
309 pressure-reducing device
311 low-pressure connector
312 gas-liquid separator
313 pressure-reducing device
314 heat exchanger
315 working-fluid connection
316 exhaust port
330 cabin-cooling loop
331 pressure-reducing device
332 heat exchanger
334 heat exchanger
340 cooling loop
360 fluid line
361 conduit
362 conduit

363 conduit
364 conduit
365 line
366 conduit
367 line
370 rotating shaft
371 electric generator
372 mechanical flywheel
373 compressor
374 energy-converting device
376 hot exhaust air flow
380 liquid state
381 working fluid
390 bypass valve
391 control system
392 pressure-reducing device
393 circulating medium
400 energy-recovery system
401 circuit assembly

DETAILED DESCRIPTION OF NON-LIMITING EXEM-
PLARY EMBODIMENTS

[0078] The following detailed description is merely ex-
emplary in nature and is not intended to limit the de-
scribed embodiments or the application and uses of the
described embodiments. As used herein, the word "ex-
emplary" or "illustrative" means "serving as an example,
instance, or illustration." Any implementation described
herein as "exemplary" or "illustrative" is not necessarily
to be construed as preferred or advantageous over other
implementations. All of the implementations described
below are exemplary implementations provided to ena-
ble persons skilled in the art to make or use the embod-
iments of the disclosure and are not intended to limit the
scope of the disclosure, which is defined by the claims.
For purposes of description herein, the terms "upper,"
"lower," "left," "rear," "right," "front," "vertical," "horizon-
tal," and derivatives thereof shall relate to the examples
as oriented in the drawings. Furthermore, there is no in-
tention to be bound by any expressed or implied theory
presented in the preceding technical field, background,
brief summary or the following detailed description. It is
also to be understood that the specific devices and proc-
esses illustrated in the attached drawings, and described
in the following specification, are simply exemplary em-
bodiments (examples), aspects and/or concepts defined
in the appended claims. Hence, specific dimensions and
other physical characteristics relating to the embodi-
ments disclosed herein are not to be considered as lim-
iting, unless the claims expressly state otherwise.
[0079] The phrases "at least one," "one or more," and
"and/or" are open-ended expressions that are both con-
junctive and disjunctive in operation. For example, each
of the expressions "at least one of A, B and C", "at least
one of A, B, or C", "one or more of A, B, and C", "one or
more of A, B, or C" and "A, B, and/or C" means A alone,
B alone, C alone, A and B together, A and C together, B

17 18 



EP 2 829 700 B1

11

5

10

15

20

25

30

35

40

45

50

55

and C together, or A, B and C together. The terms "a" or
"an" entity refers to one or more of that entity. As such,
the terms "a" (or "an"), "one or more" and "at least one"
can be used interchangeably herein. It is also to be noted
that the terms "comprising," "including," and "having" can
be used interchangeably.
[0080] Referring to FIGS. 1A and 1B (Sheet 1), there
is depicted the schematic representations of perspective
views of the example of an apparatus 100.
[0081] According to an option, the apparatus 100 in-
cludes an engine 102 of a movable vehicle 101. By way
of example, the engine 102 includes (and is not limited
to) an internal-combustion engine. The engine 102 in-
cludes a combination of a heat-generating assembly 104,
and a cooling system 112. An example of the heat-gen-
erating assembly 104 includes a piston assembly 105
operatively mounted in the engine 102; specifically, the
piston assembly 105 is operatively mounted to an engine
body 218 (depicted in FIG. 2 and also called an engine
block) of the engine 102. The cooling system 112 is con-
figured to circulate a cooling medium 116 relative to the
heat-generating assembly 104. The cooling medium 116
has carbon dioxide (in the liquid form and/or in the gas
form). This is done in such a way that the carbon dioxide
of the cooling medium 116 conveys heat from the heat-
generating assembly 104 to the cooling medium 116. The
cooling medium 116 transports the heat away from the
heat-generating assembly 104.
[0082] An advantageous nature of carbon dioxide is
that it is nonflammable and/or a good electrical insulator.
Carbon dioxide is heavier than air and thus may also
provide another advantage. In addition, the use of carbon
dioxide as the cooling medium 116 may provide a lower
negative impact to the environment (in comparison to
toxic refrigerants that are not environmentally friendly).
Due to the high volumetric capacity of carbon dioxide,
which is five times higher than water, the size of the cool-
ing system 112 may be reduced considerably by having
carbon dioxide included in the cooling medium 116. The
increased working pressure may allow for structural
and/or dimensional reduction thus directly benefiting ob-
jectives of reduced size and/or weight when applied to
vehicular applications. A further advantage of using car-
bon dioxide in the cooling medium 116 is further empha-
sized by a significant increase in heat capacity when
close to critical temperature. The critical temperature
may be optimized by mixing carbon dioxide with neon
and/or butane or other elements (if so desired) to optimize
the heatabsorption temperature point. Carbon dioxide
(and any equivalent thereof) is used for the cooling of the
heat-generating assembly 104. As an option, the carbon
dioxide may also be used for heat recovery by an ex-
pender assembly for generating power (recovery of en-
ergy) in a closed-loop trans-critical vapor compression
cycle. In the preferred embodiment, carbon dioxide (and
any equivalent thereof) is included in the cooling medium
116 for the trans-critical cooling and heat recovery appli-
cation. For example, an equivalent of carbon dioxide may

include a suitably developed synthetic working fluid (cool-
ing medium 116) and/or nanofluid based solutions used
to cool the heat-generating assembly 104.
[0083] According to another option (a more specific op-
tion), the engine 102 of the movable vehicle 101 includes
the combination of the heat-generating assembly 104
and the cooling system 112. The heat-generating assem-
bly 104 is configured to generate heat once actuated to
do just so. An example of the heat-generating assembly
104 includes a piston assembly 105 and any equivalent
thereof. The cooling system 112 is configured to be po-
sitioned relative to the heat-generating assembly 104.
The cooling system 112 is further configured to have the
cooling medium 116 including, at least in part, carbon
dioxide (in the liquid form and/or in gas form). The cooling
system 112 is further configured to circulate, at least in
part, the carbon dioxide relative to the heat-generating
assembly 104. The circulation is done in such a way that
the carbon dioxide conveys, at least in part, heat from
the heat-generating assembly 104 to the cooling medium
116 as the carbon dioxide is circulated, in use, by the
cooling system 112.
[0084] According to another option, the apparatus 100
includes the cooling system 112 separate or apart from
the engine 102 of the movable vehicle 101. In other
words, the cooling system 112 is manufactured by one
entity and is then provided to another entity that manu-
factures the engine 102 and deploys the cooling system
112 into the engine 102. The cooling system 112 is con-
figured to be positioned proximate to the heat-generating
assembly 104 of the engine 102. The cooling system 112
is further configured to circulate the cooling medium 116
having the carbon dioxide (in the liquid form and/or in
gas form) relative to the heat-generating assembly 104.
The circulation is done in such a way that the carbon
dioxide conveys heat from the heat-generating assembly
104 to the cooling medium 116. The cooling medium 116
transports, in use, the heat away from the heat-generat-
ing assembly 104.
[0085] According to another option, the apparatus 100
is for the heat-generating assembly 104 of the engine
102 of the movable vehicle 101. The apparatus 100 in-
cludes a frame assembly configured to be positioned
proximate to the heat-generating assembly 104 of the
engine 102. Furthermore, the cooling system 112 is sup-
ported by the frame assembly. The cooling system 112
is also configured to circulate a cooling medium 116 hav-
ing the carbon dioxide (liquid and/or gas) relative to the
heat-generating assembly 104. The circulation is done
in such a way that the carbon dioxide conveys heat from
the heat-generating assembly 104 to the cooling medium
116. The cooling medium 116 transports the heat away
from the heat-generating assembly 104. The cooling me-
dium 116 may be cooled, and/or the cooling medium 116
may be recompressed and cooled, for subsequent use.
[0086] According to another option, there is provided
the apparatus 100 in which the apparatus 100 includes
a movable vehicle 101 that includes the engine 102. For
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this option, the movable vehicle 101 may include an elec-
tric vehicle having an electric drive that may use a battery
assembly, or may use a collection of hydrogen cells, etc.
For this case, the engine 102 includes an electric motor
assembly and/or an electric motor assembly in combina-
tion with an electric battery assembly. The movable ve-
hicle 101 includes the combination of the heat-generating
assembly 104 and the cooling system 112. The cooling
system 112 is configured to circulate the cooling medium
116 having carbon dioxide (liquid form and/or gas form)
relative to the heat-generating assembly 104. In this way,
the carbon dioxide conveys heat from the heat-generat-
ing assembly 104 to the cooling medium 116. The cooling
medium 116 transports the heat away from the heat-gen-
erating assembly 104.
[0087] According to another option, there is provided
a method, including (the step of) providing the cooling
system 112 configured to circulate the cooling medium
116 having the carbon dioxide (in a liquid state and/or in
a gas state) relative to the heat-generating assembly 104
of the movable vehicle 101. For this option, the movable
vehicle 101 may include an electric drive that may use a
battery assembly, or may use a collection of hydrogen
cells, etc. This is done in such a way that the carbon
dioxide conveys heat from the heat-generating assembly
104 to the cooling medium 116, and the cooling medium
116 transports the heat away from the heat-generating
assembly 104.
[0088] The following identifies some examples of the
movable vehicle 101: a gasoline hybrid vehicle (HEV),
which contains a battery assembly, an instance of the
engine 102, and an electric drive (with solid-state con-
trollers). The cooling system 112 may be deployed in the
gasoline hybrid (HEVs) vehicle so that at least some of
the components of the gasoline hybrid (HEVs) vehicle
may be cooled (or heated) to maintain efficient operation.
The cooling system 112 uses the cooling medium 116 to
capture heat where generated, and to move the captured
heat away from the assembly that generated the heat.
The plug-in hybrid vehicle (PHEVs) may include the cool-
ing system 112. Battery electric vehicle (BEV) may also
include the cooling system 112 as well. The fuel-cell ve-
hicle (FCV) may include the cooling system 112 since
the fuel-cell vehicle generates the substantial amount of
heat when converting chemical energy into electricity,
and therefore, the fuel-cell vehicle includes the cooling
system 112 as well. The movable vehicle 101 may in-
clude a marine water craft, any type of aircraft, etc. For
the above instances of the movable vehicle 101, each
includes the engine 102 in some structure or form or an-
other. As depicted in FIG. 1A (by way of example), the
engine 102 includes (and is not limited to) an internal-
combustion engine.
[0089] Referring to FIG. 2 (Sheet 2), there is depicted
a schematic representation of a cross-sectional side view
of an example of the apparatus 100 of FIGS. 1A and/or
1B. More specifically, FIG. 2 depicts an example of a
piston assembly 105 (and any equivalent thereof) of the

engine 102 (and any equivalent thereof). Specifically, the
piston assembly 105 is an example of the heat-generat-
ing assembly 104. It will be appreciated that the cooling
system 112 may be configured to cooperate with any
other example of the heat-generating assembly 104,
such as any other component and/or assembly associ-
ated with the engine 102 in which it is required to remove
excess heat from the heat-generating assembly 104.
[0090] By way of example, the apparatus 100 may in-
clude (and is not limited to) at least one or more instances
of the piston assembly 105. An engine body 218 (also
called an engine block) of the engine 102 defines an in-
stance of a cylinder. The cylinder is configured to slidably
receive and to accommodate linear reciprocal sliding
movement of the piston assembly 105 along a length of
the cylinder defined by the engine body 218.
[0091] By way of example, the apparatus 100 includes
a temperature-control structure configured to monitor
and to control the temperature of the engine 102.
[0092] According to a preferred option, each instance
of the cylinder (defined by the engine body 218) is asso-
ciated with a respective instance of the cooling system
112. Specifically, each instance of the cooling system
112 is positioned proximate to a respective instance of
the piston cylinder defined by the engine body 218 in
such a way that the cooling system 112 removes excess
heat from a respective cylinder once actuated to do just
so.
[0093] According to an option, the cooling system 112
is configured to operatively (suitably) contain or include
a connecting passageway 108 (at least one or more in-
stances thereof). The connecting passageway 108 may
include (a volume of) relatively highly heat conductive
instances of the connecting passageway 108. Instances
of the connecting passageway 108 are arranged to facil-
itate the relatively free flow of the cooling medium 116
(also called a working fluid). The cooling medium 116
may be limited only by an operating pressure associated
with and controlled by a control system 391 (operating
in a closed-loop fashion). The control system 391 is con-
figured to control the pressure of the cooling medium 116
contained in the cooling system 112.
[0094] According to an option, the cooling system 112
may include a sleeve structure configured to be posi-
tioned proximate to, at least in part, an instance of the
heat-generating assembly 104; more specifically, the
sleeve structure is configured to be (slidably) received in
an instance of the cylinder defined by the engine body
218 in such a way that the sleeve structure surrounds,
at least in part, the piston assembly 105. The essential
principle will be explained on this particular example, and
it will be understood that the concept may be applied to
the cooling of other parts or assemblies or components
of the engine 102, or of the movable vehicle 101 in which
the engine 102 is operatively mounted therein.
[0095] The cooling system 112 is configured to provide
fluid channels that are preferably arranged to conformally
surround (at least in part) the volume of the cylinder (or
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any example of the heat-generating assembly 104). The
cooling system 112 is configured to be in relatively close
thermal communication with the piston assembly 105 (or
any example of the heat-generating assembly 104). The
cooling system 112 is configured to be in relatively close
thermal communication with a working envelope of the
piston assembly 105 in such a way that the cooling me-
dium 116 is in operative thermal communication so as to
remove heat generated in a combustion chamber 199 of
the cylinder of the engine 102. The combustion chamber
199 may be called a piston heat expanding volume or a
piston head volume.
[0096] By way of example, the cooling system 112 in-
cludes an instance of the sleeve structure to be opera-
tively received (at least in part) by the cylinder defined
by the engine body 218. An example of the sleeve struc-
ture is provided by the heat-exchange structure 127. The
sleeve structure is configured to operatively (safely) re-
ceive (to support and to contain) the cooling system 112
in such a way that the cooling medium 116 is operatively
constrained at a desired pressure. By way of example,
the cooling medium 116 may be operated at a pressure
up to about 3000 PSI (pounds per square inch) if so de-
sired.
[0097] In accordance with an option, the cooling sys-
tem 112 includes a heat-exchange structure 127 posi-
tioned in the cooling system 112. The heat-exchange
structure 127 is preferably constructed from a (highly)
thermally conductive material. The heat-exchange struc-
ture 127 is configured to enable relatively faster absorp-
tion of heat generated by the heat-generating assembly
104 of the engine 102. The heat-exchange structure 127
is configured to remove heat from the heat-generating
assembly 104 of the engine 102 (such as the piston as-
sembly 105). It will be appreciated that various arrange-
ments of fluid channels of the heat-exchange structure
127 are possible; such examples include conformal tub-
ing, micro tubing, macro tubing, channels casted in place
to a purposefully devised sleeve or an insert, and/or may
be made externally with suitable fluid channels and/or
instance of the connecting passageway 108. The heat-
exchange structure 127 is configured to increase contact
surface between the heat-generating assembly 104 and
the cooling system 112 having the cooling medium 116.
Instances of the sleeve (also known as a cylinder struc-
tured insert or an insert) may be assembled in a casting
mold and over casted during the engine casting process.
After casting, inner surfaces are machined to tolerances
required for high-efficiency constant temperature accu-
rately controlled sliding surfaces. The cylinder sleeves
may be made from various materials such as aluminum
and its alloys, a copper alloy or a steel alloy or a diamond
matrix, all with high thermal conductivity, and also includ-
ing composite materials with specific properties of high
thermal conductivity such as graphite or carbon nano-
tubes derivatives (for example). The cylinder sleeves are
configured to interface to an instance of an intake as-
sembly 125. The intake assembly 125 may be called an

intake fluid line connection. The intake assembly 125 is
configured to deliver the cooling medium 116 to the
sleeve. The heat-exchange structure 127 may include
the sleeve or may be the sleeve.
[0098] Generally speaking the cooling system 112 in-
cludes the intake assembly 125 operatively mounted to
the connecting passageway 108. The intake assembly
125 may also be called an intake fluid line. The cooling
system 112 also includes an outlet assembly 128 that is
spaced apart from the intake assembly 125. The outlet
assembly 128 is operatively mounted to the connecting
passageway 108. The outlet assembly 128 may also be
called an exhaust fluid conduit or an exhaust. The cooling
system 112 includes a temperature sensor 118 opera-
tively mounted to the body that defines the connecting
passageway 108. The temperature sensor 118 is config-
ured to sense (indirectly or directly) the temperature of
the cooling medium 116 flowing through the connecting
passageway 108. At least one instance of the intake as-
sembly 125 and at least one instance of the outlet as-
sembly 128 are provided in such a way that the cooling
medium 116 is delivered to the connecting passageway
108 and is removed from the connecting passageway
108.
[0099] The cooling system 112 includes a pressurized
source configured to deliver the cooling medium 116 in
a liquid state (may be a liquid state and/or a gas state).
The cooling system 112 includes a pressure-reducing
device 117 operatively positioned at the intake assembly
125. The pressure-reducing device 117 is configured to
reduce (drop) the pressure of the cooling medium 116 in
such a way as to enable evaporation of the cooling me-
dium 116 to begin inside the connecting passageway 108
of the cooling system 112, so that the cooling medium
116 may flow, in use, inside the cooling system 112.
[0100] The cooling system 112 includes (or is filed with)
instances of the connecting passageway 108 configured
to facilitate the flow of the cooling medium 116 inside the
heat-exchange structure 127 that surrounds the heat-
generating assembly 104. The heat-exchange structure
127 encompasses, at least in part, the combustion cham-
ber 199. The heat-exchange structure 127 may be an
insert structure configured to be received, at least in part,
by the heat-generating assembly 104, and/or to be posi-
tioned proximate to the heat-generating assembly 104.
As well, the heat-exchange structure 127 may be an in-
tegral component of the heat-generating assembly 104
if so desired.
[0101] After completely or partially evaporating at the
outlet assembly 128 and exiting the cooling system 112
via the outlet assembly 128, the cooling medium 116 may
be in the form of an exit vapor and/or a cooling vapor.
The one or more instances of the outlet assembly 128
may be dimensionally larger than the dimension of the
intake assembly 125 (the fluid supply opening) in such a
way as to allow for the expanded instance of the cooling
medium 116 for a predetermined minimum pressure suit-
able to maintain the cooling medium 116 in a preferably
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closed-loop state and/or at a closed-loop pressure con-
trol. It will be appreciated that not all of the cooling me-
dium 116 may fully evaporate, and a mixture of some
amount of a liquid portion and some amount of a gas
portion of the cooling medium 116 may be expected at
the outlet assembly 128.
[0102] Referring now to FIGS. 4A and 4B, for the case
where the cooling medium 116 includes a mixture (of a
liquid portion and a gas portion), the outlet assembly 128
of the cooling system 112 includes (is connected to) a
gas-liquid separator 312 configured to separate the com-
ponents of the mixture in such a way so as to ensure safe
operation of a gas compressor (not depicted). The gas-
liquid separator 312 may be configured to provide stor-
age of an additional spare amount of the cooling medium
116. The gas-liquid separator 312 may be configured to
initially fill the cooling medium 116 and/or for re-charging
the cooling medium 116 to make up for potential leaks
of the cooling medium 116 from the cooling system 112.
[0103] Turning to FIG. 2, it will be appreciated that FIG.
2 depicts an exemplary view of the cooling system 112
configured to cool (and/or to heat) at least one instance
of the piston assembly 105 (or any example of the heat-
generating assembly 104). This example is in no way
limiting in the applicability to remove heat from that area
and/or perhaps even deliver heat to a predetermined ar-
ea or zone at a start-up of the engine 102 (if so desired).
It will be appreciated that the cooling system 112 may be
called a thermal-management system, a heat-manage-
ment system, etc.
[0104] In accordance with an option, the cooling sys-
tem 112 includes a spray-generating device 124 config-
ured to increase the rate of heat energy absorption. The
spray-generating device 124 is located at suitable loca-
tion proximate to a margin of the connecting passageway
108. The spray-generating device 124 is configured to
be operatively attached to the cooling system 112 and/or
to the intake assembly 125.
[0105] It will be appreciated that the principles de-
scribed above are applicable to any portion, parts as-
semblies or payload of the movable vehicle 101 (the mo-
bile cooling application). Therefore, cooling of the oil used
to lubricate the instances of the piston assembly 105 is
another application of the cooling system 112. Another
example of deployment of the cooling system 112 is using
the cooling system 112 to cool (generally, to manage
thermal energy of) an engine exhaust manifold 230 (FIG.
3) by a separate circulating instance of the cooling me-
dium 116 made to pass by the outlet assembly 128 of
the engine 102. As well, combining the gathered heat
energy (collected by the cooling system 112) with other
sources of heat energy in the cooling medium 116 allows
for a portion of heat energy losses to be recovered during
recompression and expansion of the cooling medium 116
in a thermodynamic cycle 300 depicted in FIGS. 4A and
4B. The thermodynamic cycle 300 may be called a trans-
critical carbon dioxide thermodynamic cycle or called a
closed continuous thermodynamic cycle.

[0106] Optionally, the cooling medium 116 may be
used, at least in part, in a process to convert or to recover
the heat into usable energy in a high-efficiency expander.
For example, the pressure-reducing gas expander 305
(of FIGS. 4A and 4B) may provide a speed regulated
positive displacement device, digitally controlled liquid
ring positive displacement devices and/or known devices
engineered for efficient operation.
[0107] Referring to FIG. 3 (Sheet 3), there is depicted
a schematic representation of a cross-sectional side view
of an example of the apparatus 100 of FIGS. 1A and/or
1B. More specifically, FIG. 3 depicts multiple controlled
cooling zones incorporating (each having a respective
instance of) a connection passageway 232, a connection
passageway 234, a connection passageway 236, and
the connecting passageway 108, and the intake assem-
bly 125 and the outlet assembly 128 handles the cooling
medium 116. Connection of the intake assembly 125 and
the outlet assembly 128 of the cooling medium 116 to
the connection passageway 232, to the connection pas-
sageway 234, and to the connection passageway 236
are not explicitly depicted but are implicitly provided (FIG.
3 was simplified for the sake of improved clarity).
[0108] Each controlled temperature zone is in commu-
nication with a thermal load of the heat-generating as-
sembly 104, and is in operative communication with a
proportional controller. The proportional controller is in
electrical communication with the pressure-reducing de-
vice 117 configured to control the flow of the cooling me-
dium 116 through the instances of the connection pas-
sageway 232, the connection passageway 234, the con-
nection passageway 236 and the connecting passage-
way 108. The pressure-reducing device 117 is configured
to modulate the amount of the cooling medium 116 at
the intake assembly 125 (see FIG. 2). At the outlet as-
sembly 128 (see FIG. 2), the larger volume of the gas
vapor mixture may be expected.
[0109] Referring back to FIG. 2, the cooling medium
116 (preferably having the carbon dioxide in the liquid
state) is metered by the pressure-reducing device 117
into the expansion space of the heat-exchange structure
127. The connecting passageway 108 includes a com-
bination of liquid passages, and exhausts the expansion
volume with the pressure slightly below the critical pres-
sure of the carbon dioxide in such a way as to ensure
that cooling of the heat-generating assembly 104 is ac-
complished in a trans-critical carbon dioxide vapor com-
pression cycle. Carbon dioxide has the critical tempera-
ture of 30.9 degrees Centigrade (C). The meaning of sub-
critical at absorption is a sub-critical process and works
at low pressure and temperature in an evaporator as-
sembly, in this case the engine 102, with fluid channels
surrounding the heat-generating assembly 104.
[0110] Referring to FIGS. 4A and 4B, the heat rejection
or heat energy recovery occurs after gas pressurization
in a first compressor assembly 301, and if required, in a
second compressor assembly 303, and increases of the
gas pressure is a super critical process and occurs above
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the critical temperature of the cooling medium 116, pref-
erably in a pressure range from about 1,400 to about
2,500 PSI.
[0111] The heat rejection in the supercritical region of
the trans-critical process occurs by sensible cooling of
the cooling medium 116 at a constant pressure in a gas
cooler 306. The gas cooler 306 may be engineered to
have an instance of the heat-exchange structure 127 with
instances of the connecting passageway 108 suitably
placed in a form of a skin panel (outer surface area of
the movable vehicle 101) used for cooling as a secondary
function (and possibly improving crash worthiness of the
movable vehicle 101 if so configured to do just so). The
connecting passageway 108 may include a micro chan-
nel assembly. Since a large portion of the heat energy
captured may be recovered in a (regenerative) thermo-
dynamic cycle 300 (see FIGS. 4A and 4B) and minimal
energy may need to be dissipated into environment. So,
potentially powered fans may not be required because
the large surface area panels may be able to dissipate
heat by surface area and by limited forced-air circulation
moving past the gas cooler 306 as an air stream moves
past the movable vehicle 101. An outer panel assembly
of the movable vehicle 101 may be positioned to take the
air stream focused by aerodynamic surfaces in such a
way so as to direct air flow into and through the micro
channels thereby removing heated air at an air exhaust
point. Micro-channels are configured to conduct the cool-
ing medium 116. A relatively large surface area may fa-
cilitate effective (improved) heat removal while structural
integrity of the area may be improved. Installation of the
suitable filter at the cooling air intake may be an option.
The trans-critical vapor compression cooling process is
well-known in the art and is not further described here.
[0112] Referring to FIG. 2, the cooling system 112 is
configured to contain the connecting passageway 108,
among (within) the heat-exchange structure 127. The
cooling system 112 is configured to facilitate movement
or flow of the cooling medium 116 around the heat-gen-
erating assembly 104.
[0113] FIG. 2 depicts an example of the cooling system
112. The heat-exchange structure 127 of the cooling sys-
tem 112 may include or contain a porous structure with
the connecting passageway 108 surrounding the heat-
generating assembly 104 of the engine 102. The cooling
system 112 may include aluminum, steel and/or compos-
ites. The cooling system 112 may have an open porous
structure (foam) with porosity up to about 90% with open
and continuous pore structure in nominal size from about
50 to about 500 micrometers. Aluminum foam may be
additive or in situ developed during a casting process. In
one form, the heat-exchange structure 127 is made by
sintering powders and closing outside margins of the ex-
pansion chambers with low temperature alloys. The cyl-
inder face can be made from steel with the cooling system
112 and the intake assembly 125 and the outlet assembly
128. This may also be made during the post casting proc-
ess by threaded connections and micro tubing. Each con-

trollable cooling zone may be equipped with at least one
instance of the temperature sensor 118 and of the pres-
sure sensor 122. Each close loop control of temperature
may be based upon the reference values from the tem-
perature sensor 118 and the pressure sensor 122 for use
by the control system 391 (see FIG. 4B). The pressure-
reducing device 117 and/or the spray-generating device
124 may be provided so that accurate mass flow control
of the cooling medium 116 may be maintained for accu-
rate zone temperature controls.
[0114] Referring to FIGS. 4A and 4B (Sheets 4 and 5),
there is depicted a schematic representation of examples
of the apparatus 100 of FIGS. 1A and/or 1B. More spe-
cifically, there is depicted a schematic diagram of the
exemplary embodiment of the cooling system 112 usable
by the movable vehicle 101. The cooling system 112 may
operate in the thermodynamic cycle 300 of FIGS. 4A and
4B.
[0115] The cooling system 112 includes a first com-
pressor assembly 301, a second compressor assembly
303, and an intercooler 302. The heat from the intercooler
302 can be used for heating the passenger cabin of the
movable vehicle 101 because heat is available immedi-
ately after powering the movable vehicle 101. The first
compressor assembly 301 is coupled (indirectly) to the
cooling system 112. The intercooler 302 is coupled to
the first compressor assembly 301. The intercooler 302
is coupled to the second compressor assembly 303. The
intercooler 302 may, in some arrangements, exchange
heat energy with environment if desired.
[0116] A heat exchanger 304 is configured to absorb
heat from the engine exhaust manifold 230 (depicted in
FIG. 3) from the engine 102. The heat exchanger 304 is
coupled to the second compressor assembly 303.
[0117] According to an option, the apparatus 100 also
includes a pressure-reducing gas expander 305, a gas
cooler 306, a heat exchanger 307, a pressure-reducing
device 309, a gas-liquid separator 312 (also called a
working-fluid accumulator). The gas cooler 306 is cou-
pled to the heat exchanger 304. The heat exchanger 307
is coupled with the gas cooler 306. The pressure-reduc-
ing device 309 is coupled to the heat exchanger 307. The
cooling system 112 is coupled to the pressure-reducing
device 309. The cooling system 112 is coupled to the
gas-liquid separator 312. The heat exchanger 307 is po-
sitioned proximate to the heat exchanger 314.
[0118] A reason for using latent heat in the remaining
liquid coolant in 314 and absorb heat from heat exchang-
er 307 is for improved cooling of the cooling medium in
the line 365, as well as the need to evaporate accumu-
lated liquid before the liquid arrives at the intake of the
compressor 373.
[0119] The gas-liquid separator 312 is connected back
via the heat exchanger 314 to an intake side 315 of the
first compressor assembly 301.
[0120] According to an option, a cabin-cooling loop 330
and a cooling loop 340 may be used for absorbing heat
from the cabin of the movable vehicle 101. Alternatively,

27 28 



EP 2 829 700 B1

16

5

10

15

20

25

30

35

40

45

50

55

a cooling loop is used to absorb heat from the engine
exhaust gas at the heat exchanger 334. These additional
cooling loops may be connected at the (relatively higher
pressure) fluid distribution connector 308 and a low-pres-
sure connector 311 for the returning the cooling medium
116 enriched by the heat energy. Similarly, additional
cooling loops may include a pressure-reducing device
331, a pressure-reducing device 392, a heat exchanger
332, and a heat exchanger 334.
[0121] Referring to FIGS. 4A and 4B, the first compres-
sor assembly 301 includes (for example) a two-stage
compressor with the working-fluid connection 315 con-
nected to the first input side stage of the first compressor
assembly 301. The cooling medium 116 in the gaseous
state is compressed with a high compressor ratio pref-
erably in the positive displacement piston compressors
and then with fluid communication to second stage com-
pressor transfer to the input of the second compressor
assembly 303. The second compressor assembly 303
preferably compresses the cooling medium 116 further
to a high-pressure range above critical pressure for the
carbon dioxide and preferably up to 2000 PSI (pounds-
per-square-inch) determined by the efficiency factors in
the thermodynamic process for the trans-critical opera-
tion. It is possible to achieve pressure ratios even with
single compressor stage in the most preferred option. It
may be required to cool compressed fluid after first stage
of the compression, and the heat extracted by the inter-
cooler 302 can be used to provide heat to the passenger
compartment (cabin) or other payloads of the movable
vehicle 101 (in a moving applications).
[0122] In another alternative embodiment, the heat ex-
changer 304 can be used without second compressor
assembly 303 to attain high-pressure supercritical state
of the cooling medium 116 by absorbing heat from the
exhaust gasses.
[0123] On power up when the engine 102 is cold, it
may be advantages to heat up the engine 102 as fast as
possible because a cold engine is very inefficient and
pollutes the environment intensely. To facilitate initial
heating, the gas fluid is pushed in a bypass mode to heat
up the components of the engine 102. This is done by
driving the first compressor assembly 301 and/or the sec-
ond compressor assembly 303 in temporary low pressure
operational mode when the bypass valve is open to allow
for circulating fluid to circulate and apply heat to the en-
gine 102 and/or the passenger cabin of the movable ve-
hicle 101. The temperature of the circulating medium 393
is above environment temperature. So, heating as well
as cooling can be accomplished with approach described
where both functions are under the control of the control
system 391.
[0124] State of the art compressors may be used and
are readily available. The scroll, rolling piston, screw,
lobe, liquid ring vane or digital liquid piston compressors
are preferable but other gas compressors may be used
in FIGS. 4A and 4B.
[0125] In accordance with an option, the first compres-

sor assembly 301 and the second compressor assembly
303 each include a positive-displacement variable-flow
piston compressor. The piston compressor includes a
digitally controlled constant stroke radial piston compres-
sor utilizing a liquid piston gas compression principle that
is disclosed in United States Patent Publication Number
2012/0023918 and further modified for liquid piston gas
compression requirements. The liquid includes synthet-
ically-derived oil, and the cooling medium 116 includes
carbon dioxide in a gas state compatible with the oil. To
accomplish variable displacement, the digital fast elec-
tronically controlled valves are installed at the intake as-
sembly 125 and the outlet assembly 128 for each cylin-
der. The modulating and commutating of the flow of the
cooling medium 116 is done in such a way that high com-
pression efficiency is maintained at a range of flow rates
of the cooling medium 116. Other compressors (such as
screw, turbine and/or liquid ring compressors) may be
suitably used. For the second stage, one or both instanc-
es of the first compressor assembly 301 and the second
compressor assembly 303 may be variable flow com-
pressors.
[0126] Referring to FIGS. 4A and 4B, at an exhaust
port 316 of the second compressor assembly 303, the
cooling medium 116 is in communication with the heat
exchanger 304 via a conduit 361. The hot instance of the
cooling medium 116 after compression is now passed
through the heat exchanger 304 in thermal communica-
tions with hot exhaust air flow 376 arriving from the engine
102 (or from other components of the movable vehicle
101). The cooling medium 116 receives heat energy from
the hot exhaust air flow 376 in such a way as to increase
kinetic energy of the instance of the cooling medium 116
flowing through the heat exchanger 304 by further accu-
mulating energy in the trans-critical stage of the cycle
and combining energy from the hot exhaust air flow 376
and the energy from the engine housing, then thermo-
conductively transferring energy to the cooling medium
116. The heat exchanger 304 is configured to discharge
the heated instance of the cooling medium 116 via the
conduit 362 to a pressure-reducing gas expander 305.
The pressure-reducing gas expander 305 is, preferably,
a piston digitally controlled expander or a known high-
efficiency turbine expander. The pressure-reducing gas
expander 305 is configured to convert the heat energy
from the high-pressure supercritical gas state of the cool-
ing medium 116 to mechanical energy of a rotating shaft
370 of the pressure-reducing gas expander 305. In ac-
cordance with an option, connected to the rotating shaft
370 of the pressure-reducing gas expander 305 is an
electric generator 371. The electric generator 371 is con-
figured for generation of electrical energy (to be used or
consumed by the movable vehicle 101). In accordance
with an option, the pressure-reducing gas expander 305
is configured to provide a mechanical rotating energy
storage device such as a mechanical flywheel 372. In
accordance with another option, the pressure-reducing
gas expander 305 is configured in such a way that the
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rotating shaft 370 of the pressure-reducing gas expander
305 is mechanically connected to a compressor 373. The
compressor 373 is configured to pump the intake air in
the engine 102 and increase shaft horse power and there-
fore, increase efficiency of the engine 102 (if so desired).
The expansion gasses of the engine exhaust drive the
turbocharger and/or the supercharger that are currently
driven by the engine 102 directly or powered by an elec-
tric motor, and (therefore) currently adding to the power
burden of the engine 102.
[0127] It is believed that about 60% to about 70% of
the energy from the fuel consumed by the engine 102 is
lost in the combustion process, and only about 20% of
the fuel intake energy is converted to motive power that
moves the movable vehicle 101. What energy that may
be recovered with the above-described improvements to
the apparatus 100 may represent efficiency improve-
ments (to some degree).
[0128] In accordance with an option, the recovered en-
ergy (recovered from the cooling medium 116) may be
stored as: (A) electrical energy in an energy-storage sys-
tem (such as batteries and/or super capacitors), or (B)
mechanical energy in an energy-storage system (such
as a flywheel and/or a compressible medium), and/or (C)
chemical energy in an energy-storage system (such as
hydrogen gas generated, contained and managed by
suitable structures).
[0129] Referring to FIGS. 4A and 4B, the expanded
instance of the cooling medium 116 is passed via a con-
duit 363, into an intake port of a gas cooler 306 (also
analogically called a condenser). Suitable arrangement
is made to dissipate and to cool the cooling medium 116
(as a gas form) by blowing environmental air and remov-
ing remaining heat energy from the cooling medium 116.
The gas cooler 306 can be efficiently made by using micro
channel cooling passages that are similar to the one
made with open pore sheet-like material. The porous ma-
terial may be sandwiched or contained in a sealed gas
or liquid tight vessel with intake and exhaust ports to ac-
commodate high pressure gas flow. The gas cooler 306
can be incorporated in the vehicle body of the movable
vehicle 101 as a gas cooler structure of an outer panel
of the movable vehicle 101, or the front-wheel side panels
of the movable vehicle 101 when used with the cooling
medium 116. It may not be possible to use these panels
with water-cooling as is done today. The panel-like cool-
ers incorporated in the structure of the vehicle body of
the movable vehicle 101 may reduce weight and improve
vehicle aerodynamic coefficient of drag of the movable
vehicle 101. Well known air cooled heat exchanger may
be used as well to remove un-recovered energy from the
cooling medium 116.
[0130] Once sufficiently cooled, the cooling medium
116 (may exist within the gas state) is condensed at the
exit port of the gas cooler 306 and flows in the conduit
364 that connects the gas cooler 306 to a heat exchanger
307. The heat exchanger 307 is configured to superheat
the cooling medium 116 to ensure that only gas vapor

show up at a working-fluid connection 315 of the first
compressor assembly 301, but as well supercool the cold
gas below supercritical temperature and convert the cold
gas to a liquid form or liquid state.
[0131] From the exit port of the heat exchanger 307,
the cooling medium 116 is in fluidic communication with
a pressure-reducing device 309. The pressure-reducing
device 309 is configured to reduce pressure without tem-
perature change and convert pressurized liquid form of
the cooling medium 116 into an expending gas instance
of the cooling medium 116 that will now absorb heat pro-
vided by the engine 102. The pressure-reducing device
309 may be computer controlled or self-controlled based
on thermostatic feedback. However, the pressure-reduc-
ing device 309 can include an expansion turbine or an
electronically controlled injector valve configured to op-
timize the flow of the cooling medium 116 to the cooling
system 112. The pressure-reducing device 309 may in-
clude a piston expander configured to convert the high
pressure gas liquid mixture into an energy, to recover a
portion of the potential energy of the cooling medium 116,
and to convert the cooling medium 116 back into a more
usable form of energy by reducing pressure of the cooling
medium 116 with minimal change in temperature. The
pressure-reducing device 309 may be connected, for ex-
ample, to the rotating shaft 370 of the pressure-reducing
gas expander 305 in a suitable manner (not depicted)
and thereby may add further thermal (heat) energy re-
covery by generating additional energy. The pressure-
reducing device 309 may include a gas turbine (for in-
stance) to drop the pressure to below vapor pressure of
the carbon dioxide.
[0132] The pressure-reducing device 309 is in fluidic
communication with the cooling system 112 via a conduit
366, and supplies the cooling medium 116 via multiple
highpressure fluid supply means of the cooling medium
116 to the intake assembly 125 leading to heat-exchange
structure 127 (depicted in FIG. 2) in thermal communi-
cation with cooling medium 116 and the heat-generating
assembly 104. In a simpler way, the supply lines that
supply the cooling medium 116 may be small-diameter
tubing (copper or steel). Alternatively, an electrically-con-
trolled injector valve may open or close the supply lines
delivering the cooling medium 116 or advantageously
modulate flow of the cooling medium 116 according to
temperature control requirements for each cooling zone
or particular part or volume of the engine depicted in FIG.
3 as the connection passageway 232, the connection
passageway 234, and the connection passageway 236.
[0133] Once the expanded instance of the cooling me-
dium 116 exits the heat-generating assembly 104 at the
outlet assembly 128 (see FIG. 2), and the cooling medium
116 then flows, as depicted in FIGS. 4A and 4B into the
gas-liquid separator 312 (also called an accumulation
container). The gas-liquid separator 312 is also used as
a make-up accumulator configured to separate the gas-
phase component from the liquid-phase component of
the cooling medium 116 in such a way as to ensure that
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only the gas-phase component is transmitted to a work-
ing-fluid connection 315 of the first compressor assembly
301. Furthermore, the accumulated liquid-phase compo-
nent of the cooling medium 116 may be re-used by be-
coming fully evaporated in the pressure-reducing device
313.
[0134] From the gas-liquid separator 312, the liquid-
phase component (or mixture) is further carried to the
pressure-reducing device 313, and is thermostatically or
preferably electronically controlled by the control system
391 (FIG. 4B) where further reduction in the pressure of
the cooling medium 116 may occur in the heat exchanger
307 before the cooling medium 116 gets to the (high pres-
sure) fluid distribution connector 308. Superheating of
the cooling medium 116 in a fluid line 360 from the heat
exchanger 314 insures that no liquid gets to the working-
fluid connection 315. The working-fluid connection 315
may be called a gas compressor intake port. Further ac-
tion to ensure that no liquid-phase component of the cool-
ing medium 116 arrives at the intake port of the first com-
pressor assembly 301 may be done in the first compres-
sor assembly 301. The exit port from the heat exchanger
314 is in the fluidic communications with the intake of the
first stage of the first compressor assembly 301. The cy-
cle continually lasts for as long as the engine 102 and/or
the heat-generating assembly 104 are operational.
[0135] Additional loops of the cooling medium 116 may
be used for the task of gathering other sources of the
heat energy from the movable vehicle 101. For instance,
a cabin-cooling loop 330 configured for cooling the ex-
haust manifold of the engine 102. The additional loops
may be added together in common with the cooling me-
dium 116, and total heat energy is now summed up in a
low-pressure connector 311. Additional loops can be
used to cool other parts of the movable vehicle 101 or
payloads of the movable vehicle 101.
[0136] From the forgoing, several advantages of one
or more aspects provide improved cooling of the heat-
generating assembly 104 of the movable vehicle 101
and/or of the heat-generating assembly 104 of the engine
102 of the movable vehicle 101 by utilizing carbon dioxide
(and/or any equivalent thereof such as a nano-fluid) that
allows recovery of energy in the trans-critical thermody-
namic process by utilizing sensible cooling for conden-
sation in the gas cooler 306 at pressures above critical
point of the cooling medium 116. Large amount of energy
that is up until now, was considered unrecoverable when
water is used for cooling the engine 102 now may be
efficiently recovered at least in part). Other advantages
of one or more aspects are to provide the movable vehicle
101 with reduced weight and/or improved cooling and/or
heating of the movable vehicle 101 in a thermodynamic
process based on the natural organic refrigerant (carbon
dioxide) that has fewer environmental impacts. The car-
bon dioxide is preferably sequestered in the movable ve-
hicle 101 rather than exhausted in the atmosphere. An-
other important advantage is the in order to mitigate glo-
bal heating of the earth, proposals are made to recover

the carbon dioxide emitted by industry and to store the
carbon dioxide deep into the ground. By deploying the
captured carbon dioxide and using the carbon dioxide in
the movable vehicle 101, the impact of global heating
may be reduced in part. The important aspect of main-
tenance and repair of the movable vehicle 101 may no
longer require extensive certification and full compliance
with ozone depleting gases regulations and protocols
(since carbon dioxide is used as (or in) the cooling me-
dium 116).
[0137] Life on earth has been significantly compro-
mised by usage of the halogen and fluorocarbon based
(unfriendly) refrigerants. By using carbon dioxide, the un-
friendly refrigerants may be reduced or eliminated, and
instead use carbon dioxide (naturally readily available
and relatively inexpensive) as the cooling medium 116.
In addition, the use of the cooling medium 116 may en-
able energy recovery and energy conservation (reuse).
Carbon dioxide as the cooling medium 116 is a colorless,
odorless, and naturally-occurring gas. Carbon dioxide is
naturally present in the atmosphere at a concentration
of 350 ppm (parts per million). Carbon dioxide is essential
for sustainability of plants and humans and is heavier
than air, does not burn, and is therefore, safer in case of
accidental release into the atmosphere. Inadvertent
leaks in the cooling system 112 are less detrimental to
environment. Recapturing of carbon dioxide is not man-
datory as required by currently used synthetic refriger-
ants that are strictly regulated and use monitored.
[0138] FIG. 5 (Sheet 6) depicts a schematic represen-
tation of an example of the apparatus of FIG. 1A and/or
of FIG. 1B. In accordance with a general option, the ap-
paratus 100 includes (and is not limited to) a combination
of the engine 102 and the cooling system 112. The cool-
ing system 112 is configured to be positioned, at least in
part, relative to the engine 102. The cooling system 112
includes (for example) a circuit assembly 129 configured
to pass through and/or pass proximate to and/or pass
near to the engine 102. The cooling system 112 is con-
figured to recirculate carbon dioxide relative to the engine
102. For example, the arrows positioned on the circuit
assembly 129 indicate the direction of flow (recirculation
or flow of recirculation) of the carbon dioxide through the
cooling system 112. An example of a component used
in the circuit assembly 129 is the heat-exchange structure
127 of FIG. 2A. The cooling system 112 also includes a
pressurization system (a pumping system, or any equiv-
alent thereof) configured to pump or to move the carbon
dioxide through the circuit assembly 129. As well, the
cooling system 112 includes a heat-removal system con-
figured to remove heat from the carbon dioxide once the
carbon dioxide passes relative to the engine 102 (as may
be required) . The circuit assembly 129 may be a collec-
tion of conduits, etc. The carbon dioxide may be part of
a cooling medium (an energy-exchange medium or ma-
terial) or may not be part of a cooling medium (as may
be required) . The carbon dioxide may be in the form of
a gas and/or a liquid. The cooling system 112 recirculates
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the carbon dioxide (relative to the engine 102) in such a
way that the carbon dioxide exchanges (conveys, re-
ceives) heat relative to (to and/or from) the engine 102;
then the carbon dioxide transports the heat away from
the engine 102 in responsive to the cooling system 112
(the pump of the cooling system 112) causing the carbon
dioxide to flow (recirculate) through the circuit assembly
129).
[0139] FIG. 6 (Sheet 7) depicts a schematic represen-
tation of an example of the apparatus of FIG. 1A and/or
of FIG. 1B. In accordance with another general option,
the apparatus 100 including (and not limited to) the en-
gine 102 configured to generate energy having a first
amount of the energy being usable, at least in part, for
performing work. The energy also has a second amount
of the energy not being useable, at least in part, to perform
the work. For example, the work to be performed by the
engine 102 may be used to move the vehicle of FIG. 1
or any type of movable vehicle (or stationary application
for the case where the engine 102 is not required to be
movable). The apparatus 100 also includes (and is not
limited to) an energy-management system 200 config-
ured to recirculate, at least in part, carbon dioxide (along
with any other energy-exchange medium or material if
so desired) relative to the engine 102. The energy-man-
agement system 200 recirculates (at least in part) the
carbon dioxide in such a way that the carbon dioxide
exchanges, at least in part, the second amount of the
energy not useable to perform the work (once the carbon
dioxide is made to recirculate, at least in part, along the
energy-management system 200). By way of example,
the energy-management system 200 includes a circuit
assembly 201. The carbon dioxide flows, at least in part,
through the circuit assembly 201 in response to the action
(operation) of the energy-management system 200 act-
ing to cause the carbon dioxide to recirculate (flow)
through the circuit assembly 201. The circuit assembly
201 is aligned (is positioned) relative to the engine 102
in such a way that the carbon dioxide may flow through
or proximate to the engine 102. The circuit assembly 201
may pass through the engine 102 or may be positioned
proximate to the engine 102, etc. The engine may be
used in a moving application (such as a vehicle) or in a
stationary application (as may be required).
[0140] The meaning of "exchange" is broad enough to
cover situations in which the carbon dioxide may receive
energy (such as, thermal energy) and/or may transmit
energy (such as, thermal energy) relative to the engine
102 (that is, the carbon dioxide may transmit, may receive
or both may transmit and receive the energy, as may be
required to suit a particular application). For the case
where cooling of the engine 102 is required, the energy-
management system 200 recirculates the carbon dioxide
so that the carbon dioxide receives thermal energy from
the engine 102 (perhaps when the engine 102 becomes
overheated for example). For the case where heating of
the engine 102 is required, the energy-management sys-
tem 200 recirculates the carbon dioxide so that the car-

bon dioxide transmits the thermal energy to the engine
102 (perhaps when the engine 102 is started from a cold
start on a winder day for example).
[0141] The energy-management system 200 also in-
cludes a pressurization system (a pumping system, or
any equivalent thereof) configured to pump or to move
the carbon dioxide through the circuit assembly 201. As
well, the energy-management system 200 includes a
heat-removal system configured to remove heat from the
carbon dioxide once the carbon dioxide passes relative
to the engine 102 via the circuit assembly 201 (as may
be required).
[0142] The meaning of "recirculate" (recirculation) is
such that the energy-management system 200 circulates
the carbon dioxide through the circuit assembly 201
again (repeatedly).
[0143] An example of the energy-management system
200 includes (and is not limited to) the cooling system
112, in which the carbon dioxide receives energy from
the engine 102.
[0144] In accordance with the above-identified general
option, the apparatus 100 is adapted so that the engine
102 is operated in such a way that: (A) the first amount
of the energy is usable, at least in part, for performing
the work (the work includes operatively moving the mov-
able vehicle 101 once the engine 102 is operated to do
just so), and (B) the second amount of the energy is not
useable, at least in part, to perform the work of moving
the movable vehicle 101 once the engine 102 is operated.
The movable vehicle 101 may be any sort or type of ve-
hicle or moving application of the engine 102.
[0145] In accordance with the above-identified general
option, the apparatus 100 is adapted so that the engine
102 is operated in such a way that: (A) the first amount
of the energy is usable, at least in part, for performing
the work (the work includes operatively moving the mov-
able vehicle 101 once the engine 102 is operated to do
just so), and (B) the second amount of the energy is not
useable, at least in part, to perform the work of moving
the movable vehicle 101 once the engine 102 is operated.
For example, the second amount of energy includes ther-
mal energy. The energy-management system 200 is con-
figured to recirculate, at least in part, the carbon dioxide
relative to the engine 102 in such a way that the carbon
dioxide receives and conveys the second amount of the
energy away from the engine 102.
[0146] In accordance with the above-identified general
option, the apparatus 100 is adapted so that the energy-
management system 200 is configured to recirculate, at
least in part, the carbon dioxide relative to the engine 102
in such a way that the carbon dioxide receives and con-
veys the second amount of the energy away from the
engine 102. The engine 102 may be used in a moving
application or in a stationary application.
[0147] In accordance with the above-identified general
option, the apparatus 100 is adapted so that the energy-
management system 200 is configured to recirculate, at
least in part, the carbon dioxide relative to the engine 102
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in such a way that the carbon dioxide receives and con-
veys the second amount of the energy away from the
engine 102. The energy-management system 200 is fur-
ther configured to cooperate with an energy-recovery
system 400. It will be appreciated that the examples of
the energy-recovery system 400 are depicted in FIGS.
4A and 4B. The cooperation between the energy-man-
agement system 200 and the energy-recovery system
400 is done in such a way that the energy-management
system 200 recirculates, at least in part, the carbon di-
oxide through the energy-recovery system 400 via a cir-
cuit assembly 401 of energy-recovery system 400. The
circuit assembly 401 and the circuit assembly 201 may
be isolated from each other (indirect coupling), or may
be fluidly connected to each other (direct coupling), as
may be required. The energy-recovery system 400 re-
ceives, at least in part, the second amount of the energy
from the carbon dioxide. The energy-recovery system
400 is configured to recover, at least in part, the second
amount of the energy from the carbon dioxide. The car-
bon dioxide is recirculated through the energy-recovery
system 400 (between the energy-management system
200 and the energy-recovery system 400) via the circuit
assembly 401. It will be appreciate that the circuit assem-
bly 201 and the circuit assembly 401 may be directly cou-
pled together or may be indirectly coupled together (as
may be required).
[0148] In accordance with the above-identified general
option, the apparatus 100 is adapted so that the energy-
recovery system 400 is configured to provide, at least in
part, the energy recovered, at least in part, from the sec-
ond amount of the energy received from the carbon di-
oxide for subsequent use by the engine 102 (if so desired)
or fir use by other systems of the movable vehicle 101.
[0149] In view of the foregoing, it will be appreciated
that in a general aspect, the apparatus 100 includes (and
is not limited to) a combination of the engine and the
energy-management system 200. The energy-manage-
ment system 200 is configured to recirculate, at least in
part, carbon dioxide relative to the engine 102 in such a
way that the carbon dioxide exchanges, at least in part,
energy relative to the engine 102 once the carbon dioxide
is made to recirculate, at least in part, along the energy-
management system 200.

ADDITIONAL DESCRIPTION

[0150] In accordance with a general option, the appa-
ratus includes (and is not limited to) an internal combus-
tion engine. The internal combustion engine includes a
heat-generating assembly and a cooling system. The
cooling system is configured to be positioned relative to
the heat-generating assembly. The cooling system is
configured to recirculate a cooling medium having carbon
dioxide relative to the heat-generating assembly in such
a way that the carbon dioxide conveys heat from the heat-
generating assembly to the cooling medium, and the
cooling medium transports the heat away from the heat-

generating assembly.
[0151] In accordance with an option, the apparatus 100
includes the engine 102. The engine 102 includes the
heat-generating assembly 104 and the cooling system
112. The cooling system 112 is configured to be (A) po-
sitioned relative to the heat-generating assembly 104,
and (B) circulate the cooling medium 116 having carbon
dioxide (liquid or gas) relative to the heat-generating as-
sembly 104. This is done in such a way that the carbon
dioxide conveys heat from the heat-generating assembly
104 to the cooling medium 116. The cooling medium 116
transports the heat away from the heat-generating as-
sembly 104.
[0152] In accordance with another option, the heat-
generating assembly 104 includes the engine 102. The
engine 102 defines instances of the connection passage-
way 202, the connection passageway 232, the connec-
tion passageway 234, the connection passageway 236
each of which are configured to convey the cooling me-
dium 116 of the cooling system 112. This is done in such
a way that the carbon dioxide absorbs and conveys heat
from the engine 102 to a cooling medium 116. The is,
the cooling medium absorbs, at least in part, the heat
from the engine 102. For example, the carbon dioxide
absorbs and conveys heat from the engine 102 to the
cooling medium 116 in a closed loop control of engine
temperature to get to the optimal and most efficient en-
gine operating point.
[0153] In accordance with another option, the appara-
tus 100 may further include the connecting passageway
108 configured to fluidly connect the heat-generating as-
sembly 104 with the cooling medium 116. This is done
in such a way that the cooling medium 116 of the cooling
system 112 circulates, in use, between the heat-gener-
ating assembly 104 and the cooling system 112.
[0154] In accordance with another option, the appara-
tus 100 may further include connecting passageway 108
configured to fluidly connect the heat-generating assem-
bly 104 with the cooling medium 116. This is done in such
a way that the cooling medium 116 of the cooling system
112 circulates, in use, between the heat-generating as-
sembly 104 and the cooling system 112. The connecting
passageway 108 presents a heat exchange structure to
the cooling medium 116 circulating within cooling system
112.
[0155] In accordance with another option, the appara-
tus 100 may further include the connecting passageway
108 configured to fluidly connect the heat-generating as-
sembly 104 with the cooling system 112. This is done in
such a way that the cooling medium 116 of the cooling
system 112 circulates, in use, between the heat-gener-
ating assembly 104 and the cooling system 112. The
connecting passageway 108 presents a heat-exchange
structure 127 to the cooling medium 116. The heat-ex-
change structure 127 may include micro-cavities, includ-
ing open micro-pours. The heat-exchange structure 127
may include micro-channels. For example, the heat-ex-
change structure defines the micro-channels. For exam-
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ple, the heat-exchange structure may define the micro-
cavities.
[0156] In accordance with another option, the appara-
tus 100 may further include the connecting passageway
108 configured to fluidly connect the heat-generating as-
sembly 104 with the cooling system 112. This is done in
such a way that the cooling medium 116 of the cooling
system 112 circulates, in use, between the heat-gener-
ating assembly 104 and the cooling system 112. The
connecting passageway 108 presents the heat-ex-
change structure 127 to the cooling medium 116. A pres-
sure-reducing device 117 is fluidic connected to the con-
necting passageway 108. The connecting passageway
108 is configured to: (A) receive the cooling medium 116
at pressure (or at a reduced pressure. The pressure-re-
ducing device 117 has the cooling medium 116 in contact
communication with a fluid channel in the connecting
passageway 108, (B) transform from liquid by evaporat-
ing at the contact surfaces into a gas state and/or a liquid
state (preferably gas state). The pressure-reducing de-
vice 117 includes a pipe or tube (by way of example).
[0157] In accordance with another option, the appara-
tus 100 may further include connecting a fluid source
(configured to provide the cooling medium 116) to the
connecting passageway 108. The connecting passage-
way 108 is configured to fluidly connect the heat-gener-
ating assembly 104 with the cooling system 112 in such
a way that the cooling medium 116 of the cooling system
112 circulates, in use, between the heat-generating as-
sembly 104 and the cooling system 112. The connecting
passageway 108 presents the heat exchange structure
to the cooling medium 116. The heat-exchange structure
127 fluidly communicates with an outlet assembly 128.
[0158] In accordance with another option, the appara-
tus 100 may further include a temperature sensor 118
configured to be: (A) in thermal communication with a
heat-generating assembly 104, and (B) in signal commu-
nication with the control system 391. The temperature
sensor 118 provides (in use) a reference set point value
for the pressure-reducing device 117.
[0159] In accordance with another option, the appara-
tus 100 may further include the pressure sensor 122 in
a fluidic communication with the cooling medium 116.
The temperature sensor 118 is configured to: (A) work
co-operatively with pressure-reducing device 117, and
(B) regulate the mass flow of the cooling medium 116.
The intake assembly 125 and the outlet assembly 128
define a path that the cooling medium 116 flows through
the cooling system 112 (that is, a process of regulating
mass flow).
[0160] In accordance with another option, the appara-
tus 100 is configured such that the cooling system 112
is further configured to transport the heat captured in a
cooling vapor of the cooling medium 116 to a working-
fluid connection 315 of a first compressor assembly 301.
[0161] In accordance with another option, the appara-
tus 100 may further include a first compressor assembly
301 configured to compress a cooling vapor of the cooling

medium 116 to pressure at the exhaust port 316 of the
second compressor assembly 303 above critical point
for the cooling medium 116. The heat exchanger 304 is
configured to: (A) thermally connect heat from the engine
exhaust manifold 230 and the vapor from an exhaust port
316 of the second compressor assembly 303 in the heat
exchanger 304, and (B) transport the heat captured in
the vapor via the conduit 362 to the pressure-reducing
gas expander 305. The pressure-reducing gas expander
305 is configured to convert a vapor kinetic energy into
mechanical energy associated with a rotating shaft 370.
The vapor kinetic energy is drive connected to the ener-
gy-converting device 374. The example of the energy-
converting device 374 includes the electric generator
371, the mechanical flywheel 372, the compressor 373,
etc.
[0162] In accordance with another option, the appara-
tus 100 is configured such that the pressure-reducing
gas expander 305 is further configured to: (A) expand
the cooling medium 116 in the supercritical state in the
pressure-reducing gas expander 305, and (B) exhaust
an expanded instance of the cooling medium 116 via the
conduit 363 into the gas cooler 306. An expanded in-
stance of the cooling medium 116 is at pressures above
critical pressure of the cooling medium 116 in the gas
cooler 306.
[0163] In accordance with another option, the appara-
tus 100 is further configured such that the gas cooler 306
is configured to: (A) air cool the cooling medium 116 to
an environmental temperature and above the critical
pressure for the cooling medium 116, (B) exchange ther-
mal heat energy in the cooling medium 116 with the en-
vironment by dissipating heat due to relative motion of
the gas cooler 306 through the air.
[0164] In accordance with another option, the gas cool-
er 306 is included or is a part of an outer panel assembly
of the movable vehicle 101 (such as a side panel or a
top panel, etc.). The gas cooler 306 is configured to dis-
sipate heat by convection, conduction and/or radiation
to the environment without using a powered fan (unas-
sisted). The heat-exchange structure 127 of the cooling
system 112 may be incorporated with thermally conduc-
tive micro-channels.
[0165] In accordance with another option, the appara-
tus 100 may be further adapted such that the gas cooler
306 provides an exit port that is fluidly connected to the
heat exchanger 307. The gas cooler 306 is further con-
figured to post cool the cooling medium 116 in a conduit
364. The heat exchanger 307 is further configured to: (A)
cool the cooling medium 116 to substantially convert to
the cooling medium 116 in the line 365 feeding the fluid
distribution connector 308; and (B) deliver the cooling
medium 116 to a pressure-reducing device 309 and/or a
pressure-reducing device 331. The pressure-reducing
device 309 delivers the cooling medium 116 into the con-
necting passageway 108 in such a way that the heat is
absorbed from the heat-generating assembly 104.
[0166] In accordance with another option, the appara-
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tus 100 may be further adapted such that the gas-liquid
separator 312 is configured to separate gaseous state
of a working fluid 381 from a liquid state 380.
[0167] In accordance with another option, the appara-
tus 100 may be further adapted such that the fluid distri-
bution connector 308 is further configured to connect ad-
ditional instances of the cabin-cooling loop 330 and of
the cooling loop 340, along with instances of the pres-
sure-reducing device 331 and the pressure-reducing de-
vice 392. The instances of the heat exchanger 332 and
of the heat exchanger 334 are configured to absorb heat
from a cabin air volume. The heat exchanger 334 is con-
figured to: (A) absorb heat from an engine exhaust man-
ifold 230, (B) combine the heat from the engine 102 (in
the line 367), and (C) deliver the heat to a low-pressure
connector 311. The combined sources of heat (that is,
the engine 102, the cabin, oil, the exhausts, etc.) are
combined into a single fluid flow, and total energy recov-
ered in the pressure-reducing gas expander 305 is within
the thermodynamic cycle 300.
[0168] In accordance with another option, the appara-
tus 100 may be further adapted such that the mass flow
of the cooling medium 116 is configured to control tem-
perature by closed-loop control of the pressure of the
cooling medium 116. A temperature feedback signal from
the temperature sensor 118 is used to dynamically con-
trol, based on vehicle parameters of the movable vehicle
101, operation of the pressure-reducing device 309, of
the pressure-reducing device 331, and of the pressure-
reducing device 392. The parameters are set by the con-
trol system 391 based on an engine load associated with
the engine 102.
[0169] In accordance with another option, the appara-
tus 100 may be further configured such that the mass
flow of the cooling medium 116 is further configured to:
(A) vary the mass flow of any one of the first compressor
assembly 301 and the second compressor assembly
303, and/or (B) be proportional with set temperature re-
quirements for the heat-generating assembly 104. Based
on parameters from the control system 391, a command
signal to the pressure-reducing device 309 and a param-
eter setting is based on a signal communication from the
temperature sensor 118 and the pressure sensor 122,
resulting in the closed-loop control of the temperature
zone of the engine 102.
[0170] In accordance with another option, the appara-
tus 100 is further adapted such that the combustion
chamber 199 (also called the piston heat expanding vol-
ume) of the heat-generating assembly 104 is under
closed-loop temperature control, by controlling the open-
ing and the closing of the pressure-reducing device 117.
[0171] In accordance with another option, the appara-
tus 100 is further adapted such that the thermodynamic
cycle 300 of vapor compression and energy recovery
starts at a predetermined temperature set-point that is
equal or is higher than a normal operating temperature
set-point.
[0172] In accordance with another option, the appara-

tus 100 is further adapted such that the thermodynamic
cycle 300 of the vapor compression and the energy re-
covery starts upon powerup of the engine 102. The ther-
modynamic cycle 300 is further configured to operate the
first compressor assembly 301 and the intercooler 302
in such a way that the heated instance of the cooling
medium 116 is circulated by opening the bypass valve
390 until all instances of loop components of the thermo-
dynamic cycle 300 are heated to a predetermined tem-
perature set point value. A heating rate is controlled by
the control system 391 with electrical signal communica-
tions from the control system 391 with the controllable
components of the thermodynamic cycle 300. At least
the portion of the cooling medium 116 is used to heat the
assemblies of the movable vehicle 101 (such as, the cab-
in, the structure that holds the oil, and/or the structure
that holds the windshield washer fluid, etc.) The cooling
medium 116 is at temperature above the environmental
temperature (for the case where the environmental tem-
perature is relatively low such as below freezing (zero
degrees Centigrade).
[0173] In accordance with another option, the appara-
tus 100 is further configured such that the cooling medium
116 is dispensed within a plurality of fluid channels rep-
resented by the heat-exchange structure 127 is in a liquid
state or a gaseous state or mixture of both states.
[0174] In accordance with another option, the appara-
tus 100 is further configured such that the cooling medium
116 is dispensed within a plurality of fluid channels con-
figured to form the heat-exchange structure 127 in a form
of non-continuous and subdivided liquid droplets of the
cooling medium 116. The droplets may be generated by
the spray-generating device 124, and may not exceed
200 micrometers (for example). The mass flow of the
cooling medium 116 is controlled by the spray-generating
device 124 and the pressure-reducing device 117 in a
closed-loop proportional control of temperature and pres-
sure under the operational control of the control system
391. Is done in such a way that at least one instance of
the spray-generating device 124 and/or of the pressure-
reducing device 117 may be placed in the each instance
of the intake assembly 125.
[0175] In accordance with another option, the appara-
tus 100 is further configured such that the spray-gener-
ating device 124 is positioned at a margin of a plurality
of the connecting passageway 108 in such a way that
the cooling medium 116 is suitably spread and/or subdi-
vided in a uniform pattern over the heat-generating as-
sembly 104.
[0176] In accordance with another option, the appara-
tus 100 may include (and is not limited to) the engine
102. The engine 102 includes the engine body 218 (also
called an engine block) that defines the combustion
chamber 199 (also called an engine working volume).
The combustion chamber 199 has an expansion volume
that is surrounded, at least in part, by the cooling system
112. The connecting passageway 108 is permeable ther-
mally connected and is arranged for evaporative cooling
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of the cooling medium 116. The connecting passageway
108 is configured to exchange heat between the heat-
generating assembly 104 and the cooling medium 116.
The cooling system 112 is structured (for example) in a
form of a fluidic micro channels or thermally-conductive
open porous structure. The connecting passageway 108
is permeable thermally conductive. The connecting pas-
sageway 108 includes (for example) a carbon fiber, or
more preferably non-metallic fibers and nano particles
suitably structured to readily conduct heat and present
increase surface area to the cooling medium 116.
[0177] In accordance with another option, the appara-
tus 100 may further be adapted such that the cooling
medium 116 is used to cool, at least in part, in the ther-
modynamic cycle 300. Heat energy removal and subse-
quent energy recovery and conversion are provided by
the pressure-reducing gas expander 305. The pressure-
reducing gas expander 305 may operate in a continuous
cycle.
[0178] In accordance with another option, the appara-
tus 100 may be further adapted such that heat energy is
recovered from the heat-generating assembly 104 in the
thermodynamic cycle 300, and the heat energy that is
recovered is used to charge an energy storage device
(such as capacitors, battery, flywheel, etc.) positioned on
the movable vehicle 101. The heat-generating assembly
104 may include a fuel cell, for example. The energy stor-
age is configured to provide a source of energy for driving
the movable vehicle 101.
[0179] In accordance with another option, the appara-
tus 100 may be further adapted such that the cooling
medium 116 includes carbon dioxide, and the cooling
medium 116 is configured to: (A) collect heat energy from
various heat sources (such as the engine 102, exhaust
systems of the movable vehicle 101, the assembly that
holds the oil, the passenger cabin, etc.) via the heat ex-
changer 304 (in any application equivalent to the mova-
ble vehicle 101), and (B) recover that heat in the thermo-
dynamic cycle 300 in a closed-loop cycle.
[0180] In accordance with another option, the appara-
tus 100 may be further adapted such that the gas cooler
306 is further configured to be cooled by air. The gas
cooler 306 is configured to at least partially heat ex-
change thermal energy with the environment. The gas
cooler 306 is a structural part of the movable vehicle 101.
The movable vehicle 101 includes a vehicle skin panel
or an outer surface (such as, the hood of the engine com-
partment).
[0181] In accordance with another option, the thermo-
dynamic process for cooling the engine 102 includes (and
is not limited to): (A) providing the cooling medium 116,
including a single element, carbon dioxide or equivalent
(such as an engineered nano-structured fluid) with the
thermodynamic cycle 300 (operating under similar con-
ditions to carbon dioxide), and/or (B) configuring the cool-
ing medium to be compatible with common engine ma-
terials (such as steel, aluminum, carbon, graphite and/or
composites).

[0182] In accordance with another option, the appara-
tus 100 may further include the cooling loop 340 config-
ured to absorb heat from the engine exhaust manifold
230 that is in thermal communication with the engine 102
by using at least a portion of the cooling medium 116
flowing (in use) in a separate cooling loop. The fluid dis-
tribution connector 308 is fluidly connected to the low-
pressure connector 311 when the heat exchanger 304
is not used.
[0183] In accordance with another option, the appara-
tus 100 may be configured such that the pressure-reduc-
ing device 309 includes: thermostatically controlled
valves alternatively structured to use the pressure-reduc-
ing device 309 from a class of expenders suitably incor-
porated and mechanically connected to the rotating shaft
370 for additional energy recovery during pressure re-
duction of the cooling medium 116 in the connecting pas-
sageway 108.
[0184] In accordance with another option, the appara-
tus 100 may be configured such that the pressure-reduc-
ing gas expander 305 is further structured and/or config-
ured to: (A) recover energy in the pressure-reducing gas
expander 305, and (B) convert the energy into a pres-
sured gas in the compressor 373 for storage and subse-
quent use for motive power to be used by the movable
vehicle 101.
[0185] In accordance with another option, the appara-
tus 100 may further include the intercooler 302 config-
ured to exchange the heat energy in the compressed gas
with the suitably arranged heat-exchanging medium. The
heat energy is suitably delivered to heat the cabin. The
heat energy delivered to heat the cabin is available on
demand immediately on powering the movable vehicle
101.
[0186] In accordance with another option, the engine
102 is cooled in the thermodynamic transcritical cycle,
and uses carbon dioxide as the cooling medium 116. The
engine 102 includes (and is not limited to): (A) a piston
sleeve with at least one fluid conductive channel dis-
posed in the working range of the piston assembly, and
(B) a pressure-reducing device 117 configured to receive
the cooling medium 116 at pressure and reduce pressure
of the cooling medium 116, to be in flow communications
with a fluid conductive channel of a cylinder sleeve. The
engine 102 may include operations such as: (A) absorb
the heat of the engine 102 by expending the instance of
the cooling medium 116, (B) transport the heat captured
in the vapor of the cooling medium 116 to the compressor,
(C) compress the vapor to pressure above critical point
of the cooling medium 116 in a supercritical state, (D)
expand the supercritical state medium in the expender,
and (E) convert the kinetic energy of the expending fluid
into a more usable form of the energy, (F) post cool the
cooling medium 116, (G) expand the cooling medium 116
in a pressure-reducing device, and (H) deliver the cooling
medium 116 in fluidic communications to cooling areas
of the engine 102.
[0187] In accordance with another option, the fluid con-
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ductive channels are in the vicinity of the working fuel
energy conversion cavities, or at least one working cyl-
inder in thermal communication with the cooling medium
116. A workgenerating cylinder temperature is controlled
by at least one electronic temperature controller in elec-
trical communication with at least one instance of the
temperature sensor 118. A referenced value of a com-
mand signal is generated and transmitted to electrically
control a flow device of the cooling medium 116 to at
least one expanding volume of the engine 102. The con-
tinuous cycle of vapor compression and energy recovery
starts upon engine power up. The cooling medium 116
is dispensed over a heated surface cavity, and is in a
liquid state and/or a gaseous state or mixture of both
states. The liquid form of the cooling medium 116 is de-
livered in a non-continuous and incrementally subdivided
dose that is suitably controlled by the fluid delivery device
in a closed-loop control of the temperature and pressure
of the cooling medium 116.
[0188] In accordance with another option, at least one
instance of the pressure sensor 122 is placed in the single
flow path of the cooling medium 116. The cooling medium
116 is delivered to the heat source of the engine 102 in
the form of subdivided droplets. The heat absorbed by
the expanding instance of the cooling medium 116 is car-
ried to the expansion device and converted into the us-
able form of energy other than heat energy. The engine
102 has at least one temperature-controlled zone at a
temperature set-point optimized for maximum (im-
proved) efficiency of fuel conversion into mechanical
power.
[0189] In accordance with another option, the engine
102 has at least one or more additional independent tem-
perature control zones with proportional control that is
set to different set point temperatures based on the in-
creased fuel conversion factors with increased engine
efficiency and increased engine performance. The en-
gine 102 has at least one volume defined by the engine
body 218, and has an expansion volume with an easily
permeable metal structure suitably arranged for facilita-
tion of carbon dioxide evaporation. The engine 102 has
at least one area made of the carbon-fiber structure with
increased heat thermal conductivity, and carbon struc-
ture preferably made of carbon nanotubes to facilitate
heat absorption by the cooling medium 116 and increase
permeability of the cylinder sleeve and strength of the
cylinder sleeve (in which the sleeve is to conduct or con-
vey the cooling medium 116).
[0190] In accordance with another option, at least one
volume of the engine body 218 has a cooling chamber
configured to facilitate the boiling of the cooling medium
116, where boiling flow is proportional to the commanded
signal from the temperature controller. Carbon dioxide in
the liquid state is used to spray over the heated surface,
and to evaporate absorbing heat by absorption due to
increased volume at the lower pressure, and to increase
the temperature (due to latent heat of vaporization). The
spray pattern is in form of the finally divided droplets not

exceeding 200 micrometers in single dimension, uni-
formly sprayed over the heated surface. The cooling me-
dium 116 is carbon dioxide gas in the supercritical state.
[0191] In accordance with another option, the engine
102 is cooled by the carbon dioxide that operates at op-
timal temperature range from very start condition, and
where closed tolerances are maintained between moving
components throughout the operation of the engine 102.
Spray evaporative cooling is used to maintain optimal
operating temperature of the engine 102. The spray of
the cooling medium 116 is a mixture of the liquid portion
and gas portion of carbon dioxide.
[0192] In accordance with another option, the cooling
medium 116 is in thermo dynamic cycle; the carbon di-
oxide is used to extract the energy from the engine 102,
transfer the energy to the compressor, compress the gas
of the carbon dioxide to a high temperature, and extract
the heat from the gas for of the carbon dioxide in a device
cold expander. The expander is a digitally controlled pos-
itive displacement piston expander with digitally control-
led high and low pressure ports configured to deliver con-
stant power and/or speed output at the shaft with variable
flow fluid with high efficiency by modulating opening and
closing sequence of high and low pressure ports and
commutating between cylinders producing adaptable de-
mand device.
[0193] In accordance with another option, initial heat-
ing of the parts of the engine 102 and of the movable
vehicle 101 may be obtained by circulating one single-
phase instance of the cooling medium 116 until the op-
timal temperature is attained. The apparatus 100 and
method provides expending the instance of the cooling
medium 116 enriched with heat from the engine 102,
and/or combined with the heat from the exhaust from the
engine 102, and/or combined with heat from the passen-
ger cabin and/or other heat sources, and then converting
the accumulated energy into electrical energy (thus re-
covering what would have been previously unrecovered
heating losses).
[0194] In accordance with another option, heat from
the engine oil is recovered by an oil-cooling circuit. Such
a recovered energy may be used to charge a battery
bank of the hybrid vehicle. Such recovered energy may
be used to drive the electrically-operated supercharger.
The system of engine cooling includes at least one close
loop with the cooling medium 116 is in fluidic communi-
cation with the heat recovery device.
[0195] In accordance with another option, the expand-
ing medium in the pressure-reducing gas expander 305
is configured to convert the combined heat from the body
of the engine 102 and the heat from the exhaust from the
engine 102, and converts the heat (with high efficiency)
for the pressure-reducing gas expander 305. In re-
sponse, the pressure-reducing gas expander 305 is con-
figured to generate electricity used to charge the battery
of the movable vehicle 101. The expanding medium in
the pressure-reducing gas expander 305 may be config-
ured to convert the combined heat from the body of the
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engine 102 and heat from the exhaust from the engine
102 and converts the heat (with high efficiency) in the
mechanical energy in the form of the mechanical flywheel
372. The flywheel energy can be used for accelerating
the movable vehicle 101 to improve efficiency and ex-
pand the operating range of an electric vehicle by pre-
serving batteries from deep discharge during prolonged
acceleration. The expanding medium in the pressure-
reducing gas expander 305 converts the combined heat
from the body of the engine 102 and heat from the ex-
haust from the engine 102, and converts this heat with
high efficiency in the pressure by powering the compres-
sor to create a turbocharger or preferably supercharger
and increase power of the engine 102. The expanding
medium in the pressure-reducing gas expander 305 con-
verts the combined heat from the body of the engine 102
and heat from the exhaust from the engine 102, and con-
verts this heat (with high efficiency) in the energy suitable
for storage and subsequent recovery and use, where
storage is chemical storage of energy. The engine 102
is configured to facilitate the follow of the cooling medium
116 in engineered nano-structured fluid with the thermo-
dynamic cycle 300 (similar to carbon dioxide but with
specifically optimized for efficient cooling critical temper-
ature and critical pressure of the cooling medium 116).
Cooling of the engine 102 and heat recovery from the
engine 102 with optimal temperature control, accurately
controlled by closed-loop proportional temperature com-
puter to ensure that no large temperature excursions are
possible. New and lighter materials (such as, carbon
graphite, and composites, etc.) may be suitably applied
for the engine body 218 can be used, without deteriorat-
ing mechanical properties due to excursions in temper-
atures of the engine 102 due to precise temperature mon-
itoring and temperature control.
[0196] According to an option, the apparatus 100 in-
cludes the engine 102. The engine 102 includes the heat-
generating assembly 104 configured to generate heat
once actuated to do just so. The cooling system 112 is
configured to be positioned relative to the heat-generat-
ing assembly 104, have the cooling medium 116 includ-
ing, at least in part, carbon dioxide liquid or gas, and
circulate, at least in part, the carbon dioxide relative to
the heat-generating assembly 104 in such a way that the
carbon dioxide conveys, at least in part, heat from the
heat-generating assembly 104 to the cooling medium
116 as the carbon dioxide is circulated by the cooling
system 112.
[0197] According to an option, a method includes cir-
culating a cooling medium 116 having carbon dioxide
liquid or gas relative to a heat-generating assembly 104
of an engine 102 in such a way that the carbon dioxide
conveys heat from the heat-generating assembly 104 to
the cooling medium 116, and the cooling medium 116
transports the heat away from the heat-generating as-
sembly 104.
[0198] According to an option, the heat-generating as-
sembly 104 includes the piston assembly 105 configured

to generate heat in the engine 102 once engaged to do
just so.
[0199] According to an option, the engine 102 defines
instances of the connection passageway 202, the con-
nection passageway 232, the connection passageway
234, and the connection passageway 236 configured to
convey the cooling medium 116 of the cooling system
112 in such a way that the carbon dioxide absorbs and
conveys heat from the engine 102 to a cooling vapor of
the cooling medium 116.
[0200] According to an option, the apparatus 100 in-
cludes a connecting passageway 108 configured to flu-
idly connect the heat-generating assembly 104 with the
cooling medium 116 in such a way that the cooling me-
dium 116 of the cooling system 112 circulates, in use,
between the heat-generating assembly 104 and the cool-
ing system 112.
[0201] According to an option, the connecting pas-
sageway 108 presents a heat exchange structure to the
cooling medium 116 circulating within the cooling system
112.
[0202] According to an option, the heat-exchange
structure 127 includes micro-cavities, including open mi-
cro-pours.
[0203] According to an option, the connecting pas-
sageway 108 presents a heat-exchange structure 127 to
the cooling medium 116, and the heat exchange structure
includes micro-channels.
[0204] According to an option, the apparatus 100 in-
cludes a pressure-reducing device 117 that is fluidic con-
nected to the connecting passageway 108, and the con-
necting passageway 108 is configured to: receive the
cooling medium 116 at pressure and reduce pressure of
a cooling medium 116 by the pressure-reducing device
117 having the cooling medium 116 in a contact commu-
nication with fluid channel in the connecting passageway
108, and transform from liquid by evaporating at contact
surfaces into gas/liquid or preferably gas state. The pres-
sure-reducing device 117 includes a pipe or tube.
[0205] According to an option, the apparatus 100 in-
cludes the cooling medium 116 fluidly coupled to a fluid
source to the connecting passageway 108 configured to
fluidly connect the heat-generating assembly 104 with
the cooling system 112 in such a way that the cooling
medium 116 of the cooling system 112 circulates, in use,
between the heat-generating assembly 104 and the cool-
ing system 112. The connecting passageway 108
presents a heat exchange structure to the cooling medi-
um 116. The heat-exchange structure 127 fluidly com-
municates with an outlet assembly 128.
[0206] According to an option, the apparatus 100 in-
cludes the temperature sensor 118 configured to be: in
thermal communication with the heat-generating assem-
bly 104, and in signal communication with control system
391. The temperature sensor 118 provides a reference
set point value for a pressure-reducing device 117.
[0207] According to an option, the apparatus 100 in-
cludes a pressure sensor 122 in a fluidic communication
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with the cooling medium 116. The temperature sensor
118 is configured to: work co-operatively with pressure-
reducing device 117, and regulate the mass flow of the
cooling medium 116. The intake assembly 125 and the
outlet assembly 128 define a path of the cooling medium
116 through the cooling system 112.
[0208] According to an option, the cooling system 112
is further configured to transport the heat captured in a
cooling vapor of the cooling medium 116 to a working-
fluid connection 315 of a first compressor assembly 301.
[0209] According to an option, the apparatus 100 in-
cludes a first compressor assembly 301 configured to
compress a cooling vapor of the cooling medium 116 to
pressure at an exhaust port 316 of the compressor above
critical point for the cooling medium 116. A heat exchang-
er 304 is configured to thermally connect heat from an
engine exhaust manifold 230 and a vapor from the ex-
haust port 316 of the second compressor assembly 303
in the heat exchanger 304 and transport the heat cap-
tured in the vapor via conduit 362 to a pressure-reducing
gas expander 305. A vapor kinetic energy is converted
to mechanical energy of a rotating shaft 370. The vapor
kinetic energy is drivable connected to an energy-con-
verting device 374 such as an electric generator 371, a
mechanical flywheel 372, the compressor 373, etc.
[0210] According to an option, the apparatus 100 in-
cludes a pressure-reducing gas expander 305 config-
ured to: expand the cooling medium 116 in the supercrit-
ical state in the pressure-reducing gas expander 305,
and exhaust an expanded instance of the cooling medi-
um 116 via a conduit 363 into a gas cooler 306. An ex-
panded instance of the cooling medium 116 is at pres-
sures above critical pressure of the cooling medium 116.
[0211] According to an option, the apparatus 100 in-
cludes a gas cooler 306 is configured to: air cool a cooling
medium 116 to environmental temperature and above
critical pressure for the cooling medium 116, and to ex-
change thermal heat energy in the cooling medium 116
with an environment by dissipating heat due to relative
motion of the gas cooler 306 through the air. The gas
cooler 306 is part of an outer panel assembly of a vehicle.
The gas cooler 306 is configured to dissipate heat by
convection, conduction and/or radiation to the environ-
ment without using a powered fan unassisted, and by
incorporating a heat-exchange structure 127 with ther-
mally conductive micro-channels.
[0212] According to an option, the apparatus 100 in-
cludes the gas cooler 306 exit port that is fluidly connect-
ed to a heat exchanger 307. The gas cooler 306 is further
configured to post cool a cooling medium 116 in a conduit
364. The heat exchanger 307 is further configured to:
cool the cooling medium 116 to substantially convert to
the cooling medium 116 in line 365 feeding a fluid distri-
bution connector 308, and deliver the cooling medium
116 to a pressure-reducing device 309 and to pressure-
reducing device 331. The pressure-reducing device 309
delivers the cooling medium 116 into a connecting pas-
sageway 108 to absorb the heat from the heat-generating

assembly 104.
[0213] According to an option, the apparatus 100 in-
cludes a gas-liquid separator 312 configured to separate
gaseous state of a working fluid 381 from a liquid state
380.
[0214] According to an option, the apparatus 100 in-
cludes a pressure-reducing device 117, and a fluid dis-
tribution connector 308 is further configured to: connect
additional instances of a loop with instances of a pres-
sure-reducing device 331 and pressure-reducing device
392. Instances of the heat exchanger 332, 334 config-
ured to absorb heat from a cabin air volume. The heat
exchanger 334 is configured to: absorb the heat from an
engine exhaust manifold 230; combine the heat from the
engine 102, in a line 367, and deliver the heat to a low-
pressure connector 311. The combined sources of heat,
i.e. the engine 102, a cabin, oil, exhaust, etc. is combined
into a single fluid flow and total energy recovered in a
pressure-reducing gas expander 305 within a thermody-
namic cycle 300.
[0215] According to an option, the apparatus 100 in-
cludes a mass flow of a cooling medium 116 configured
to: control temperature by close loop control of pressure
of the cooling medium 116. A temperature feedback sig-
nal from a temperature sensor 118 is used to dynamically
control, based on vehicle parameters. The parameters
are set by a control system 391 based on an engine load.
[0216] According to an option, the apparatus 100 in-
cludes a mass flow of a cooling medium 116 further con-
figured to: vary the mass flow of any one of a first com-
pressor assembly 301 and the second compressor as-
sembly 303, to be proportional with set temperature re-
quirements for the heat-generating assembly 104, and
based on parameters from a control system 391. A com-
mand signal to pressure-reducing device 309 and pa-
rameter setting is based on a signal communication from
a temperature sensor 118 and pressure sensor 122, re-
sulting in a closed-loop controlled temperature zone of
the engine 102.
[0217] According to an option, the apparatus 100 in-
cludes the combustion chamber 199 of the heat-gener-
ating assembly 104 is under close loop temperature con-
trol, by controlling opening and closing of a pressure-
reducing device 117.
[0218] According to an option, the apparatus 100 in-
cludes a mass flow of a cooling medium 116. The ther-
modynamic cycle 300 of vapor compression and energy
recovery starts at a predetermined temperature set-point
equal or higher than normal operating temperature set-
point.
[0219] According to an option, the apparatus 100 in-
cludes the thermodynamic cycle 300 of vapor compres-
sion and energy recovery starts upon power up of the
engine 102, is further configured to: operate a first com-
pressor assembly 301 and an intercooler 302 in a way
to circulate the heated instance of the cooling medium
116 by opening a bypass valve 390 until all instances of
loop components of the thermodynamic cycle 300 are

49 50 



EP 2 829 700 B1

27

5

10

15

20

25

30

35

40

45

50

55

heated to a predetermined temperature set point value.
A heating rate is controlled by the a control system 391
with electrical signal communications from the control
system 391 with components of the thermodynamic cycle
300, where, at least the portion of the cooling medium
116 is used to heat the cabin, the oil, and a windshield
washer fluid. The cooling medium 116 is at temperature
above the environmental temperature.
[0220] According to an option, the cooling medium 116
is dispensed within a plurality of fluid channels represent-
ed by heat-exchange structure 127 is in liquid or gaseous
state or mixture of both states.
[0221] According to an option, the cooling medium 116
is dispensed within a plurality of fluid channels configured
to form a heat-exchange structure 127, is in a form of
non-continuous and subdivided liquid droplets, generat-
ed by the spray-generating device 124, not exceeding
200 micrometers. A mass flow of the cooling medium 116
is controlled by the spray-generating device 124 and a
pressure-reducing device 117 in a closed-loop propor-
tional control of temperature and pressure under control
system 391 where at least one, the spray-generating de-
vice 124 and/or the pressure-reducing device 117 may
be placed in the each intake assembly 125.
[0222] According to an option, the apparatus 100 in-
cludes the spray-generating device 124 positioned at a
margin of a plurality of connecting passageway 108 suit-
ably spreading subdivided instance of the cooling medi-
um 116 in uniform pattern over the heat-generating as-
sembly 104.
[0223] According to an option, the apparatus 100 in-
cludes an engine body 218 defining a combustion cham-
ber 199 having an expansion volume surrounding a cool-
ing system 112, at least in part, with the connecting pas-
sageway 108 being permeable thermally connected and
arranged for evaporative cooling, being configured to ex-
change heat between a heat-generating assembly 104
and a cooling medium 116. The cooling system 112 is
structured in a form of a fluidic micro channels, or ther-
mally conductive open pores structure. A connecting pas-
sageway 108 is permeable thermally conductive, and in-
cludes a carbon fiber, or more preferably non-metallic
fibers and nano particles suitably structured to readily
conduct heat and present increase surface area to the
cooling medium 116.
[0224] According to an option, the cooling medium 116
is used to cool, at least in part, in a thermodynamic cycle
300. A heat energy removal and subsequent energy re-
covery and conversion in pressure-reducing gas expand-
er 305, is a continuous cycle.
[0225] According to an option, the heat energy recov-
ered from heat source in a thermodynamic cycle 300 is
used to charge energy storage, i.e. capacitors, battery,
flywheel, etc. on a vehicle, where the heat source is a
fuel cell. The energy storage provides driving source of
energy for the movable vehicle 101.
[0226] According to an option, the cooling medium 116
is configured to: collect heat energy from various heat

sources, i.e. the engine 102, exhausted, oil, cabin, etc.
via heat exchanger 304 in an application being equivalent
to a vehicle, and recover that heat in a thermodynamic
cycle 300 in a close loop cycle.
[0227] According to an option, the gas cooler 306 is
further configured to be cooled by air. The gas cooler 306
is configured to at least partially heat exchange some
thermal energy with an environment. The gas cooler 306
is structural part of the movable vehicle 101, such as a
vehicle skin panel outer surface (i.e. hood).
[0228] According to an option, a thermodynamic proc-
ess for cooling an engine is provided. The process in-
cludes having a coolant include a single element, carbon
dioxide, or equivalent, engineered nano-structured fluid
with thermodynamic cycle 300 similar to carbon dioxide.
The process also includes configuring the coolant to be
compatible with common engine materials, i.e. steel, alu-
minum, carbon, graphite and/or composites.
[0229] According to an option, a cooling loop 340 is
configured to absorb heat from an engine exhaust man-
ifold 230 in thermal communication with the engine 102
by using at least a portion of a cooling medium 116 in a
separate cooling loop, and fluidly connecting to a fluid
distribution connector 308 and low-pressure connector
311, when a heat exchanger 304 is not used.
[0230] According to an option, a pressure-reducing de-
vice 309 includes: thermostatically controlled valves al-
ternatively structured to use the pressure-reducing de-
vice 309 from a class of expenders suitably incorporated
and mechanically connected to a rotating shaft 370 for
additional energy recovery during pressure reduction be-
fore the cooling medium 116 in a connecting passageway
108.
[0231] According to an option, a pressure-reducing
gas expander 305 is further structured to recover energy
in the pressure-reducing gas expander 305 and convert
the energy into a pressured gas, in a compressor 373 for
storage and subsequent use for motive power.
[0232] According to an option, an intercooler 302 is
configured to heat exchange heat energy in a com-
pressed gas with a suitably arranged heat exchanging
medium, wherein the heat energy is suitably delivered to
heat cabin, and where the heat energy to heat cabin is
available on demand immediately on powering a vehicle.
[0233] In the apparatus of the invention, sources of
heat from the cooling system and from other zones of a
movable vehicle are combined into a fluid flow in such a
way that heat energy is recovered in a pressure-reducing
gas expander. The heat-generating assembly includes
a combustion chamber being under closed-loop temper-
ature control by controlling opening and closing of a pres-
sure-reducing device. The cooling system includes a
spray-generating device positioned at a connecting pas-
sageway, and is configured to spread a subdivided in-
stance of the cooling medium in a uniform pattern relative
to the heat-generating assembly. The heat-generating
may further include an engine body defining a combus-
tion chamber being surrounded, at least in part, by the
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cooling system.
[0234] The cooling system is configured to recover
heat energy from the heat-generating assembly in such
a way as to charge an energy storage device of a movable
vehicle. The cooling system may be configured to be cou-
pled to a gas cooler being configured to be cooled by air
and at least partially heat exchange thermal energy with
an environment.
[0235] The apparatus for a heat-generating assembly
of an engine of a movable vehicle comprises a cooling
system being configured to be positioned proximate to
the heat-generating assembly of the engine and to cir-
culate a cooling medium having carbon dioxide relative
to the heat-generating assembly in such a way that the
carbon dioxide conveys heat from the heat-generating
assembly to the cooling medium, and the cooling medium
transports the heat away from the heat-generating as-
sembly.
[0236] The method of the invention comprise the cir-
culating a cooling medium having carbon dioxide relative
to a heat-generating assembly of an engine in such a
way that the carbon dioxide conveys heat from the heat-
generating assembly to the cooling medium, and the
cooling medium transports the heat away from the heat-
generating assembly.
[0237] The apparatus according to the invention com-
prises an internal combustion engine including a heat-
generating assembly and a cooling system being config-
ured to be positioned relative to the heat-generating as-
sembly, and recirculate a cooling medium having carbon
dioxide relative to the heat-generating assembly in such
a way that the carbon dioxide conveys heat from the heat-
generating assembly to the cooling medium, and the
cooling medium transports the heat away from the heat-
generating assembly. The apparatus may also comprise
an engine being configured to generate energy having a
first amount of the energy being usable, at least in part,
for performing work, and also having a second amount
of the energy not being useable, at least in part, to perform
the work and an energy-management system being con-
figured to recirculate, at least in part, carbon dioxide rel-
ative to the engine in such a way that the carbon dioxide
receives, at least in part, the second amount of the energy
not being useable to perform the work once the carbon
dioxide is made to recirculate, at least in part, along the
energy-management system.
[0238] The engine is operated in such a way that: (A)
the first amount of the energy is usable, at least in part,
for performing the work that includes operatively moving
a vehicle once the engine is operated to do just so, and
(B) the second amount of the energy is not useable, at
least in part, to perform the work of moving the vehicle
once the engine is operated. It can also be provided that
the engine is operated in such a way that: (A) the first
amount of the energy is usable, at least in part, for per-
forming the work that includes operatively moving a ve-
hicle once the engine is operated to do just so, and (B)
the second amount of the energy is not useable, at least

in part, to perform the work of moving the vehicle once
the engine is operated to do just so, and the second
amount of energy includes thermal energy, and the en-
ergy-management system is configured to recirculate, at
least in part, the carbon dioxide relative to the engine in
such a way that the carbon dioxide receives and conveys
the second amount of the energy away from the engine.
[0239] The energy-management system is configured
to recirculate, at least in part, the carbon dioxide relative
to the engine in such a way that the carbon dioxide re-
ceives and conveys the second amount of the energy
away from the engine. The energy-management system
may be configured to recirculate, at least in part, the car-
bon dioxide relative to the engine in such a way that the
carbon dioxide receives and conveys the second amount
of the energy away from the engine and the energy-man-
agement system is configured to cooperate with an en-
ergy-recovery system in such a way that the energy-man-
agement system recirculates, at least in part, the carbon
dioxide through the energy-recovery system, and the en-
ergy-recovery system receives, at least in part, the sec-
ond amount of the energy from the carbon dioxide, and
the energy-recovery system is configured to recover, at
least in part, the second amount of the energy from the
carbon dioxide. The energy-recovery system is config-
ured to provide, at least in part, the energy recovered, at
least in part, from the second amount of the energy re-
ceived from the carbon dioxide for subsequent use by
the engine.
[0240] The apparatus comprises an engine and an en-
ergy-management system being configured to recircu-
late, at least in part, carbon dioxide relative to the engine
in such a way that the carbon dioxide exchanges, at least
in part, energy relative to the engine once the carbon
dioxide is made to recirculate, at least in part, along the
energy-management system. The apparatus for an en-
gine, the apparatus comprises an energy-management
system being configured to recirculate, at least in part,
carbon dioxide relative to the engine in such a way that
the carbon dioxide exchanges, at least in part, energy
relative to the engine once the carbon dioxide is made
to recirculate, at least in part, along the energy-manage-
ment system.
[0241] It may be appreciated that the assemblies and
modules described above may be connected with each
other as may be required to perform desired functions
and tasks that are within the scope of persons of skill in
the art to make such combinations and permutations
without having to describe each and every one of them
in explicit terms. There is no particular assembly, com-
ponents, or software code that is superior to any of the
equivalents available to the art. There is no particular
mode of practicing the disclosed subject matter that is
superior to others, so long as the functions may be per-
formed. It is believed that all the crucial aspects of the
disclosed subject matter have been provided in this doc-
ument. It is understood that the scope of the present in-
vention is limited to the scope provided by the independ-
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ent claim(s), and it is also understood that the scope of
the present invention is not limited to: (i) the dependent
claims, (ii) the detailed description of the non-limiting em-
bodiments, (iii) the summary, (iv) the abstract, and/or (v)
description provided outside of this document (that is,
outside of the instant application as filed, as prosecuted,
and/or as granted). It is understood, for the purposes of
this document, the phrase "includes" is equivalent to the
word "comprising." It is noted that the foregoing has out-
lined the non-limiting embodiments (examples). The de-
scription is made for particular non-limiting embodiments
(examples). It is understood that the non-limiting embod-
iments are merely illustrative as examples.

Claims

1. A cooling apparatus for an engine (102) of a move-
able vehicle (101), comprising:

a heat-generating assembly (104) of the engine
(102) being configured to generate heat once
actuated to do just so; and
a cooling system (112) being configured to cir-
culate a pressurized cooling medium including
carbon dioxide (116) relative the heat-generat-
ing assembly (104),
characterized in that
the cooling system (112) includes a heat ex-
change structure (127) surrounding the heat-
generating assembly (104),
the cooling system (112) includes at least one
intake assembly (125) at which a pressure re-
ducing device (117) is operatively positioned
which intake assembly (125) is configured to de-
liver the cooling medium (116) to the heat ex-
change structure (127),
and that the cooling system (112) includes a
spray-generating device (124) configured to in-
crease the rate of heat energy absorption and
to be operatively attached to the intake assem-
bly (125), the spray-generating device generat-
ing droplets of the cooling medium (116), where-
in
at least one outlet assembly (128) extending
from the heat exchange structure (127) and be-
ing spaced apart from the intake assembly
(125),
a control system (391) for controlling tempera-
ture and pressure of the cooling medium,
a closed-loop circulation circuit conveying the
carbon dioxide cooling medium from at least one
outlet assembly (128) to a gas-liquid separator
(312) and the separated liquid phase compo-
nent of the cooling medium to the at least one
pressure reducing device (313),
and wherein the mass flow of the cooling medi-
um is controlled by the at least one spray-gen-

erating device (124) and the at least one pres-
sure-reducing device (117) in a closed-loop pro-
portional control of temperature and
pressure under the operational control of the
control system (391) relative to the heat-gener-
ating assembly (104) of the engine in such a way
that the carbon dioxide as the cooling medium
receives and conveys heat from the heat-gen-
erating assembly of the engine, and transports
the heat away from the heat-generating assem-
bly of the engine by way of evaporation of liquid
carbon dioxide and absorbtion of heat.

2. A cooling apparatus for a combustion chamber (199)
of an internal combustion engine, comprising:

a heat-generating assembly (104) of an engine
being configured to generate heat once actuat-
ed to do just so; and
a cooling system (112) being configured to cir-
culate a pressurized cooling medium including
carbon dioxide (116), characterized in that
the cooling system (112) includes a heat ex-
change structure (127) surrounding the com-
bustion chamber (199),
the cooling system (112) includes at least one
intake assembly (125) at which a pressure re-
ducing device (117) is operatively positioned
which intake assembly (125) is configured to de-
liver the cooling medium (116) to the heat ex-
change structure (127),
and that the cooling system (112) includes a
spray-generating device (124) configured to in-
crease the rate of heat energy absorption and
to be operatively attached to the intake assem-
bly (125), the spray-generating device generat-
ing droplets of the cooling medium (116), where-
in
at least one outlet assembly (128) extending
from the heat exchange structure (127) and be-
ing spaced apart from the intake assembly
(125),
a control system (391) for controlling tempera-
ture and pressure of the cooling medium,
a closed-loop circulation circuit conveying the
carbon dioxide cooling medium from at least one
outlet assembly (128) to a gas-liquid separator
(312) and the separated liquid phase compo-
nent of the cooling medium to the at least one
pressure reducing device (313),
and wherein the mass flow of the cooling medi-
um is controlled by the at least one spray-gen-
erating device (124) and the at least one pres-
sure-reducing device (117) in a closed-loop pro-
portional control of temperature and pressure
under the operational control of the control sys-
tem (391) relative to the heat-generating assem-
bly (104) of the engine in such a way that the
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carbon dioxide as the cooling medium receives
and conveys heat from the heat-generating as-
sembly of the engine, and transports the heat
away from the heat-generating assembly of the
engine by way of evaporation of liquid carbon
dioxide and absorbtion of heat.

3. A method for cooling a combustion chamber (199)
of an internal combustion engine characterized in
a heat-exchange structure (127) at least partially sur-
rounding the combustion chamber (199), the method
consisting of:

circulating a cooling medium containing at least
in part liquid carbon dioxide (116) in a closed-
loop circuit (340) of a cooling system (112),
which comprises an intake assembly (125) con-
figured to deliver the cooling medium (116) to
the heat-exchange structure (127),
dropping the pressure of the cooling medium
with a pressure-reducing device (117) opera-
tively positioned at the intake assembly (125),
and thereafter directing the cooling medium
(116) into the heat-exchange structure (127)
surrounding the combustion chamber (199) to
draw circulating carbon dioxide as a cooling me-
dium relative to the combustion chamber (199)
of the engine in such a way that carbon dioxide
as the cooling medium receives and conveys
heat from the combustion chamber (199) of the
engine, and transports the heat away from the
combustion chamber of the engine by way of
evaporation of the liquid carbon dioxide and ab-
sorbtion of heat within the connecting passage-
way (108) of the heat-exchange structure (127).

4. The apparatus of claim 2 wherein the cooling medi-
um (116) in the closed-loop circuit (340) absorbs
heat energy generated in the internal combustion
engine by evaporative cooling.

5. The apparatus of claim 1 or 2 wherein the spray-
generating device (124) produces droplets of cooling
medium in a size not more than 200 micrometers.

6. The apparatus of claim 1 or 2 wherein the cooling
medium absorbs heat energy generated by addition-
al sources of waste heat along the closed-loop cir-
culation circuit.

7. The apparatus of claim 1 or 2 further comprising a
cabin-cooling loop (330) connected to the closed-
loop circulation circuit wherein the cooling medium
flows through the cabin-cooling loop and absorbs
heat from a passenger cabin of a movable vehicle.

8. The apparatus of claim 7 wherein the cabin-cooling
loop (330) is connected to the closed-loop circulation

circuit (340) at a fluid distribution connector (308)
and a low-pressure connector (311) to return the
cooling medium to the closed-loop circulation circuit
(340).

9. The apparatus of claim 7 wherein the cabin-cooling
loop further comprises a pressure-reducing device
(331) and a heat exchanger (332).

10. The apparatus of claim 1 or 2 wherein additional
loops for cooling the vehicle are connected to the
closed-loop circulation circuit at the fluid distribution
connector and the low pressure connector to return
the cooling medium to the closed-loop circulation cir-
cuit.

11. The apparatus of claim 10 wherein the cooling me-
dium from all loops is combined into a single fluid
flow of cooling medium within the closed-loop circu-
lation circuit and the single fluid flow of cooling me-
dium is directed into a pressure-reducing gas ex-
pander to recover heat energy from the cooling me-
dium.

12. The apparatus of claim 1 or 2 further comprising a
first compressor assembly (301), an intercooler
(302), and a bypass valve (390), wherein upon power
up of a vehicle, the first compressor assembly (301)
and intercooler (302) circulate at least a portion of
the cooling medium by opening the bypass valve
(390) to permit heating and circulation of the cooling
medium until the components of the closed-loop cir-
culation circuit are heated to a predetermined tem-
perature set point value, the control system controls
a heating rate of the components of the closed-loop
circulation circuit.

13. The apparatus of claim 12 wherein at least a portion
of the cooling medium is used to heat a cabin, a
vehicle oil source, and a windshield washer fluid of
a vehicle.

14. The apparatus of claim 1 or 2 further comprising a
pressure reducing gas expander wherein the cooling
medium absorbs heat from the closed-loop circula-
tion circuit after the cooling medium is compressed
in a first compressor assembly and a heat exchang-
er, the cooling medium is expanded in the pressure
reducing gas expander to a supercritical state of the
cooling medium at pressures above a critical pres-
sure of the cooling medium.

15. The apparatus of claim 1 or 2 further comprising a
temperature sensor (118) and a temperature feed-
back signal, wherein the control system modulates
the mass flow of the cooling medium with respect to
feedback from the temperature feedback signal of
the temperature sensor based on a vehicle’s param-
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eters set by the control system.

Patentansprüche

1. Kühlvorrichtung für einen Motor (102) eines beweg-
baren Fahrzeugs (101), umfassend:

eine Wärmeerzeugungsanordnung (104) des
Motors (102), die eingerichtet ist, um Wärme zu
erzeugen, sobald sie dazu betätigt wird; und
ein Kühlsystem (112), das eingerichtet ist, um
ein unter Druck stehendes Kühlmedium, das
Kohlendioxid (116) umfasst, relativ zu der Wär-
meerzeugungsanordnung (104) zirkulieren zu
lassen,
dadurch gekennzeichnet, dass
das Kühlsystem (112) eine Wärmeaustausch-
struktur (127) aufweist, die die Wärmeerzeu-
gungsanordnung (104) umgibt,
das Kühlsystem (112) mindestens eine Ansau-
ganordnung (125) aufweist, an der eine
Druckreduzierungsvorrichtung (117) betriebs-
wirksam positioniert ist, wobei die Ansaugan-
ordnung (125) eingerichtet ist, um das Kühlme-
dium (116) an die Wärmeaustauschstruktur
(127) zu liefern,
und dadurch, dass das Kühlsystem (112) eine
Sprüherzeugungsvorrichtung (124) aufweist,
die eingerichtet ist, um die Rate einer Wärmee-
nergieabsorption zu erhöhen, und die an der An-
sauganordnung (125) betriebswirksam ange-
bracht ist, wobei die Sprüherzeugungsvorrich-
tung Tröpfchen des Kühlmediums (116) er-
zeugt, wobei mindestens eine Auslassanord-
nung (128), die sich von der Wärmeaustausch-
struktur (127) erstreckt und von der Ansaugan-
ordnung (125) beabstandet ist,
ein Steuersystem (391) zum Steuern von Tem-
peratur und Druck des Kühlmediums,
einen geschlossenen Zirkulationskreislauf, der
das Kohlendioxid-Kühlmedium von mindestens
einer Auslassanordnung (128) zu einem Gas-
Flüssigkeits-Abscheider (312) und die abge-
schiedene Flüssigphasenkomponente des
Kühlmediums zu der mindestens einen Druckre-
duzierungsvorrichtung (313) leitet,
und wobei der Massenstrom des Kühlmediums
durch die mindestens eine Sprüherzeugungs-
vorrichtung (124) und die mindestens eine
Druckreduzierungsvorrichtung (117) in einer
geschlossenen Proportionalsteuerung von
Temperatur und Druck unter der Betriebssteu-
erung des Steuersystems (391) relativ zu der
Wärmeerzeugungsanordnung (104) des Motors
in einer derartigen Weise gesteuert wird, dass
das Kohlendioxid als das Kühlmedium Wärme
von der Wärmeerzeugungsanordnung des Mo-

tors aufnimmt und weiterleitet und die Wärme
von der Wärmeerzeugungsanordnung des Mo-
tors durch Verdampfung von flüssigem Kohlen-
dioxid und Absorption von Wärme abtranspor-
tiert.

2. Kühlvorrichtung für eine Brennkammer (199) eines
Verbrennungsmotors, umfassend:

eine Wärmeerzeugungsanordnung (104) eines
Motors, die eingerichtet ist, um Wärme zu er-
zeugen, sobald sie dazu betätigt wird; und
ein Kühlsystem (112), das eingerichtet ist, um
ein unter Druck stehendes Kühlmedium, das
Kohlendioxid (116) umfasst, zirkulieren zu las-
sen,
dadurch gekennzeichnet, dass
das Kühlsystem (112) eine Wärmeaustausch-
struktur (127) aufweist, die die Brennkammer
(199) umgibt,
das Kühlsystem (112) mindestens eine Ansau-
ganordnung (125) aufweist, an der eine
Druckreduzierungsvorrichtung (117) betriebs-
wirksam positioniert ist, wobei die Ansaugan-
ordnung (125) eingerichtet ist, um das Kühlme-
dium, (116) an die Wärmeaustauschstruktur
(127) zu liefern,
und dadurch, dass das Kühlsystem (112) eine
Sprüherzeugungsvorrichtung (124) aufweist,
die eingerichtet ist, um die Rate einer Wärmee-
nergieabsorption zu erhöhen, und die an der An-
sauganordnung (125) betriebswirksam ange-
bracht ist, wobei die Sprüherzeugungsvorrich-
tung Tröpfchen des Kühlmediums (116) er-
zeugt, wobei mindestens eine Auslassanord-
nung (128), die sich von der Wärmeaustausch-
struktur (127) erstreckt und von der Ansaugan-
ordnung (125) beabstandet ist,
ein Steuersystem (391) zum Steuern von Tem-
peratur und Druck des Kühlmediums,
einen geschlossenen Zirkulationskreislauf, der
das Kohlendioxid-Kühlmedium von mindestens
einer Auslassanordnung (128) zu einem Gas-
Flüssigkeits-Abscheider (312) und die abge-
schiedene Flüssigphasenkomponente des
Kühlmediums zu der mindestens einen Druckre-
duzierungsvorrichtung (313) leitet,
und wobei der Massenstrom des Kühlmediums
durch die mindestens eine Sprüherzeugungs-
vorrichtung (124) und die mindestens eine
Druckreduzierungsvorrichtung (117) in einer
geschlossenen Proportionalsteuerung von
Temperatur und Druck unter der Betriebssteu-
erung des Steuersystems (391) relativ zu der
Wärmeerzeugungsanordnung (104) des Motors
in einer derartigen Weise gesteuert wird, dass
das Kohlendioxid als das Kühlmedium Wärme
von der Wärmeerzeugungsanordnung des Mo-
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tors aufnimmt und weiterleitet und die Wärme
von der Wärmeerzeugungsanordnung des Mo-
tors durch Verdampfung von flüssigem Kohlen-
dioxid und Absorption von Wärme abtranspor-
tiert.

3. Verfahren zum Kühlen einer Brennkammer (199) ei-
nes Verbrennungsmotors, gekennzeichnet durch
eine Wärmeaustauschstruktur (127), die die Brenn-
kammer (199) zumindest teilweise umgibt, wobei
das Verfahren besteht aus:

Zirkulierenlassen eines Kühlmediums, das zu-
mindest teilweise flüssiges Kohlendioxid (116)
umfasst, in einem geschlossenen Kreislauf
(340) eines Kühlsystems (112), das eine Ansau-
ganordnung (125) umfasst, die eingerichtet ist,
um das Kühlmedium (116) an die Wärmeaus-
tauschstruktur (127) zu liefern,
Absenken des Drucks des Kühlmediums mit ei-
ner Druckreduzierungsvorrichtung (117), die an
der Ansauganordnung (125) betriebswirksam
positioniert ist, und danach Leiten des Kühlme-
diums (116) in die Wärmeaustauschstruktur
(127), die die Brennkammer (199) umgibt, um
zirkulierendes Kohlendioxid als ein Kühlmedium
relativ zu der Brennkammer (199) des Motors in
einer derartigen Weise anzusaugen, dass Koh-
lendioxid als das Kühlmedium Wärme von der
Brennkammer (199) des Motors aufnimmt und
weiterleitet und die Wärme von der Brennkam-
mer des Motors durch Verdampfung des flüssi-
gen Kohlendioxids und Absorption von Wärme
innerhalb des Verbindungsdurchgangs (108)
der Wärmeaustauschstruktur (127) abtranspor-
tiert.

4. Vorrichtung nach Anspruch 2, wobei das Kühlmedi-
um (116) in dem geschlossenen Kreislauf (340) Wär-
meenergie, die in dem Verbrennungsmotor erzeugt
wird, durch Verdunstungskühlung absorbiert.

5. Vorrichtung nach Anspruch 1 oder 2, wobei die Sprü-
herzeugungsvorrichtung (124) Tröpfchen des Kühl-
mediums mit einer Größe von nicht mehr als 200
Mikrometern erzeugt.

6. Vorrichtung nach Anspruch 1 oder 2, wobei das
Kühlmedium Wärmeenergie absorbiert, die von zu-
sätzlichen Abwärmequellen entlang des geschlos-
senen Zirkulationskreislaufs erzeugt wird.

7. Vorrichtung nach Anspruch 1 oder 2, ferner umfas-
send eine Innenraum-Kühlschleife (330), die mit
dem geschlossenen Zirkulationskreislauf verbun-
den ist, wobei das Kühlmedium durch die Innen-
raum-Kühlschleife strömt und Wärme aus einem
Fahrgastinnenraum eines bewegbaren Fahrzeugs

absorbiert.

8. Vorrichtung nach Anspruch 7, wobei die Innenraum-
Kühlschleife (330) mit dem geschlossenen Zirkula-
tionskreislauf (340) an einem Fluidverteilungsan-
schluss (308) und einem Niederdruckanschluss
(311) verbunden ist, um das Kühlmedium zu dem
geschlossenen Zirkulationskreislauf (340) zurück-
zuführen.

9. Vorrichtung nach Anspruch 7, wobei die Innenraum-
Kühlschleife ferner eine Druckreduzierungsvorrich-
tung (331) und einen Wärmetauscher (332) umfasst.

10. Vorrichtung nach Anspruch 1 oder 2, wobei zusätz-
liche Schleifen zum Kühlen des Fahrzeugs mit dem
geschlossenen Zirkulationskreislauf an dem Fluid-
verteilungsanschluss und dem Niederdruckan-
schluss verbunden sind, um das Kühlmedium zu
dem geschlossenen Zirkulationskreislauf zurückzu-
führen.

11. Vorrichtung nach Anspruch 10, wobei das Kühlme-
dium aus allen Schleifen zu einem einzigen Fluid-
strom des Kühlmediums innerhalb des geschlosse-
nen Zirkulationskreislaufs kombiniert wird und der
einzige Fluidstrom des Kühlmediums in einen
druckreduzierenden Gasexpander geleitet wird, um
Wärmeenergie aus dem Kühlmedium zurückzuge-
winnen.

12. Vorrichtung nach Anspruch 1 oder 2, ferner umfas-
send eine erste Verdichteranordnung (301), einen
Ladeluftkühler (302) und ein Umgehungsventil
(390), wobei beim Starten eines Fahrzeugs die erste
Verdichteranordnung (301) und der Ladeluftkühler
(302) mindestens einen Teil des Kühlmediums zir-
kulieren lassen, indem sie das Umgehungsventil
(390) öffnen, um eine Erwärmung und Zirkulation
des Kühlmediums zu ermöglichen, bis die Kompo-
nenten des geschlossenen Zirkulationskreislaufs
auf einen vorbestimmten Temperatursollwert er-
wärmt sind, wobei das Steuersystem eine Erwär-
mungsrate der Komponenten des geschlossenen
Zirkulationskreislaufs steuert.

13. Vorrichtung nach Anspruch 12, wobei mindestens
ein Teil des Kühlmediums verwendet wird, um einen
Innenraum, eine Fahrzeugölquelle und ein Schei-
benwaschfluid eines Fahrzeugs zu erwärmen.

14. Vorrichtung nach Anspruch 1 oder 2, ferner umfas-
send einen druckreduzierenden Gasexpander, wo-
bei das Kühlmedium Wärme aus dem geschlosse-
nen Zirkulationskreislauf aufnimmt, nachdem das
Kühlmedium in einer ersten Verdichteranordnung
und einem Wärmetauscher verdichtet wurde, wobei
das Kühlmedium in dem druckreduzierenden Gas-

61 62 



EP 2 829 700 B1

33

5

10

15

20

25

30

35

40

45

50

55

expander in einen überkritischen Zustand des Kühl-
mediums bei Drücken oberhalb eines kritischen
Drucks des Kühlmediums expandiert wird.

15. Vorrichtung nach Anspruch 1 oder 2, ferner umfas-
send einen Temperatursensor (118) und ein Tem-
peraturrückkopplungssignal, wobei das Steuersys-
tem den Massenstrom des Kühlmediums in Bezug
auf eine Rückkopplung von dem Temperaturrück-
kopplungssignal des Temperatursensors basierend
auf Parametern eines Fahrzeugs moduliert, die
durch das Steuersystem festgelegt werden.

Revendications

1. Appareil de refroidissement pour moteur (102) d’un
véhicule mobile (101), comprenant :

un ensemble générateur de chaleur (104) du
moteur (102) qui est configuré pour générer de
la chaleur une fois actionné pour ce faire ; et
un système de refroidissement (112) qui est
configuré pour faire circuler du fluide de refroi-
dissement pressurisé incluant du dioxyde de
carbone (116) par rapport à l’ensemble généra-
teur de chaleur (104),
caractérisé en ce que
le système de refroidissement (112) inclut une
structure d’échange de chaleur (127) entourant
l’ensemble générateur de chaleur (104),
le système de refroidissement (112) inclut au
moins un ensemble d’admission (125) où un dis-
positif réducteur de pression (117) est position-
né fonctionnellement, lequel ensemble d’admis-
sion (125) est configuré pour délivrer le fluide
de refroidissement (116) à la structure d’échan-
ge de chaleur (127),
et que le système de refroidissement (112) inclut
un dispositif générateur de pulvérisation (124)
configuré pour augmenter le taux d’absorption
d’énergie thermique et pour être fonctionnelle-
ment rattaché à l’ensemble d’admission (125),
le dispositif générateur de pulvérisation géné-
rant des gouttelettes du fluide de refroidisse-
ment (116),
au moins un ensemble d’évacuation (128)
s’étendant depuis la structure d’échange de
chaleur (127) et étant espacé de l’ensemble
d’admission (125),
un système de commande (391) pour contrôler
la température et la pression du fluide de refroi-
dissement,
un circuit de circulation à boucle fermée con-
voyant le fluide de refroidissement au dioxyde
de carbone depuis au moins un ensemble d’éva-
cuation (128) jusqu’à un séparateur de gaz-li-
quide (312) et le composant en phase liquide

séparé du fluide de refroidissement jusqu’à l’au
moins un dispositif réducteur de pression (313),
le débit massique du fluide de refroidissement
étant contrôlé par l’au moins un dispositif géné-
rateur de pulvérisation (124) et l’au moins un
dispositif réducteur de pression (117) dans une
commande proportionnelle à boucle fermée de
température et de pression sous le contrôle opé-
rationnel du système de commande (391) par
rapport à l’ensemble générateur de chaleur
(104) du moteur de manière à ce que le dioxyde
de carbone faisant office de fluide de refroidis-
sement reçoive et convoie de la chaleur depuis
l’ensemble générateur de chaleur du moteur, et
transporte la chaleur hors de l’ensemble géné-
rateur de chaleur du moteur au moyen d’une
évaporation de dioxyde de carbone liquide et
d’une absorption de chaleur.

2. Appareil de refroidissement pour chambre de com-
bustion (199) d’un moteur à combustion interne,
comprenant :

un ensemble générateur de chaleur (104) du
moteur qui est configuré pour générer de la cha-
leur une fois actionné pour ce faire ; et
un système de refroidissement (112) qui est
configuré pour faire circuler du fluide de refroi-
dissement pressurisé incluant du dioxyde de
carbone (116),
caractérisé en ce que
le système de refroidissement (112) inclut une
structure d’échange de chaleur (127) entourant
la chambre de combustion (199),
le système de refroidissement (112) inclut au
moins un ensemble d’admission (125) où un dis-
positif réducteur de pression (117) est position-
né fonctionnellement, lequel ensemble d’admis-
sion (125) est configuré pour délivrer le fluide
de refroidissement (116) à la structure d’échan-
ge de chaleur (127),
et que le système de refroidissement (112) inclut
un dispositif générateur de pulvérisation (124)
configuré pour augmenter le taux d’absorption
d’énergie thermique et pour être rattaché fonc-
tionnellement à l’ensemble d’admission (125),
le dispositif générateur de pulvérisation géné-
rant des gouttelettes de fluide de refroidisse-
ment (116),
au moins un ensemble d’évacuation (128)
s’étendant depuis la structure d’échange de
chaleur (127) et étant espacé de l’ensemble
d’admission (125),
un système de commande (391) pour contrôler
la température et la pression du fluide de refroi-
dissement,
un circuit de circulation à boucle fermée con-
voyant le fluide de refroidissement ou le dioxyde
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de carbone depuis au moins un ensemble d’éva-
cuation (128) jusqu’à un séparateur de gaz-li-
quide (312) et le composant en phase liquide
séparé du fluide de refroidissement jusqu’à l’au
moins un dispositif réducteur de pression (313),
et le débit massique du fluide de refroidissement
étant contrôlé par l’au moins un dispositif géné-
rateur de pulvérisation (124) et l’au moins un
dispositif réducteur de pression (117) dans une
commande proportionnelle à boucle fermée de
température et de pression sous le contrôle opé-
rationnel du système de commande (391) par
rapport à l’ensemble générateur de chaleur
(104) du moteur de manière à ce que le dioxyde
de carbone faisant office de fluide de refroidis-
sement reçoive et convoie de la chaleur depuis
l’ensemble générateur de chaleur du moteur, et
transporte la chaleur hors de l’ensemble géné-
rateur de chaleur du moteur au moyen d’une
évaporation de dioxyde de carbone liquide et
d’une absorption de chaleur.

3. Procédé de refroidissement d’une chambre de com-
bustion (199) d’un moteur à combustion interne, ca-
ractérisé par une structure d’échange de chaleur
(127) entourant au moins partiellement la chambre
de combustion (199), le procédé consistant à :

faire circuler un fluide de refroidissement conte-
nant au moins en partie du dioxyde de carbone
liquide (116) dans un circuit à boucle fermée
(340) d’un système de refroidissement (112) qui
comprend un ensemble d’admission (125) con-
figuré pour délivrer le fluide de refroidissement
(116) à la structure d’échange de chaleur (127),
faire chuter la pression du fluide de refroidisse-
ment avec un dispositif réducteur de pression
(117) positionné fonctionnellement au niveau de
l’ensemble d’admission (125), et ensuite diriger
le fluide de refroidissement (116) dans la struc-
ture d’échange de chaleur (127) entourant la
chambre de combustion (199) pour extraire le
dioxyde de carbone en circulation sous forme
d’un fluide de refroidissement par rapport à la
chambre de combustion (199) du moteur de ma-
nière à ce que le dioxyde de carbone faisant
office de fluide de refroidissement reçoive et
convoie de la chaleur depuis la chambre de
combustion (199) du moteur, et transporte la
chaleur hors de la chambre de combustion du
moteur au moyen d’une évaporation de dioxyde
de carbone liquide et d’une absorption de cha-
leur dans le passage de connexion (108) de la
structure d’échange de chaleur (127).

4. Appareil selon la revendication 2, dans lequel le flui-
de de refroidissement (116) du circuit à boucle fer-
mée (340) absorbe l’énergie thermique générée

dans le moteur à combustion interne par refroidis-
sement par évaporation.

5. Appareil selon la revendication 1 ou 2, dans lequel
le dispositif générateur de pulvérisation (124) produit
des gouttelettes de fluide de refroidissement d’une
taille non supérieure à 200 micromètres.

6. Appareil selon la revendication 1 ou 2, dans lequel
le fluide de refroidissement absorbe de l’énergie
thermique générée par des sources supplémentai-
res de chaleur perdue le long du circuit de circulation
à boucle fermée.

7. Appareil selon la revendication 1 ou 2, comprenant
en outre une boucle de refroidissement de cabine
(330) connectée au circuit de circulation à boucle
fermée, le fluide de refroidissement s’écoulant à tra-
vers la boucle de refroidissement de cabine et ab-
sorbant la chaleur d’une cabine de passagers d’un
véhicule mobile.

8. Appareil selon la revendication 7, dans lequel la bou-
cle de refroidissement de cabine (330) est connectée
au circuit de circulation à boucle fermée (340) au
niveau d’un connecteur de distribution de fluide (308)
et d’un connecteur à basse pression (311) pour ren-
voyer le fluide de refroidissement dans le circuit de
circulation à boucle fermée (340).

9. Appareil selon la revendication 7, dans lequel la
boue de refroidissement de cabine comprend en
outre un dispositif réducteur de pression (331) et un
échangeur de chaleur (332).

10. Appareil selon la revendication 1 ou 2, dans lequel
des boucles supplémentaires destinées à refroidir le
véhicule sont connectées au circuit de circulation à
boucle fermée au niveau du connecteur de distribu-
tion de fluide et du connecteur à basse pression pour
renvoyer le fluide de refroidissement dans le circuit
de circulation à boucle fermée.

11. Appareil selon la revendication 10, dans lequel le
fluide de refroidissement de toutes les boucles est
combiné en un seul flux fluidique de fluide de refroi-
dissement dans le circuit de circulation à boucle fer-
mée et le seul flux fluidique de fluide de refroidisse-
ment est dirigé dans un expanseur de gaz réducteur
de pression pour récupérer l’énergie thermique du
fluide de refroidissement.

12. Appareil selon la revendication 1 ou 2 comprenant
en outre un premier ensemble compresseur (301),
un interrefroidisseur (302), et une vanne de dériva-
tion (390), dans lequel, lors de la mise sous tension
d’un véhicule, le premier ensemble compresseur
(301) et l’inter-refroidisseur (302) font circuler au
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moins une partie du fluide de refroidissement en
ouvrant la vanne de dérivation (390) pour permettre
le chauffage et la circulation du fluide de refroidisse-
ment jusqu’à ce que les composants du circuit de
circulation à boucle fermée soient chauffés à une
valeur ponctuelle établie de température détermi-
née, le système de commande contrôlant un taux de
chauffage des composants du circuit de circulation
à boucle fermée.

13. Appareil selon la revendication 12, dans lequel au
moins une partie du fluide de refroidissement est uti-
lisée pour chauffer une cabine, une source d’huile
de véhicule, et un fluide de lavage de pare-brise d’un
véhicule.

14. Appareil selon la revendication 1 ou 2, comprenant
en outre un expanseur de gaz réducteur de pression,
le fluide de refroidissement absorbant la chaleur du
circuit de circulation à boucle fermée une fois que le
fluide de refroidissement est comprimé dans un pre-
mier ensemble compresseur et un échangeur de
chaleur, le fluide de refroidissement étant expansé
dans l’expanseur de gaz réducteur de pression jus-
qu’à un état supercritique du fluide de refroidisse-
ment à des pressions supérieures à une pression
critique du fluide de refroidissement.

15. Appareil selon la revendication 1 ou 2, comprenant
en outre un capteur de température (118) et un signal
de rétroaction de température, le système de com-
mande modulant le débit massique du fluide de re-
froidissement par rapport à la rétroaction du signal
de rétroaction de température du capteur de tempé-
rature en se basant sur des paramètres d’un véhicule
établis par le système de commande.
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