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(57) Sammendrag:
A large two-stroke uniflow scavenged internal combustion engine, the engine comprising a plurality of
cylinders (1) containing a combustion chamber, an intake system comprising a scavenge gas receiver (2)
connected to the cylinders for supplying scavenge gas to the combustion chambers in the cylinders, a fuel
system (30) configured for supplying a carbon-based fuel to the combustion chambers, an exhaust system
comprising an exhaust gas receiver (3) coupled to the combustion chambers via the exhaust valves (4) for
receiving a stream of exhaust gas generated by combustion of the carbon-based fuel in the combustion
chambers, wherein the engine is a closed-cycle oxi-fuel engine and comprises a recirculation conduit (5)
connecting the exhaust gas receiver (3) to the scavenge gas receiver (2), a blower (7) in the recirculation
conduit (5), an oxygen supply system (12) configured, and a separation and carbon dioxide liquefaction
system (60), wherein a portion of the stream of exhaust gas generated in the combustion chambers is
diverted to the separation and carbon dioxide liquefaction system (60) that is configured to separate
oxygen from the diverted stream of exhaust gas, assisted by liquefaction of carbon dioxide from the
diverted stream of exhaust gas.
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A LARGE TWO-STROKE UNIFLOW SCAVENGED SUPERCHARGED CLOSED

CYCLE OXI-FUEL INTERNAL COMBUSTION ENGINE

TECHNICAL FIELD

This disclosure relates to large two-stroke internal
combustion engines, in particular, large two-stroke uniflow
scavenged supercharged <closed cycle oxi-fuel internal
combustion engines, that are provided with a CO02 capture

system.

BACKGROUND

Large two-stroke uniflow scavenged turbocharged internal
combustion crosshead engines are typically used in propulsion
systems of large ships or as a prime mover in power plants.
The sheer size, weight, and power output render them
completely different from common combustion engines and place
large two-stroke turbocharged compression-ignited internal

combustion engines in a class for themselves.

These Large two-stroke uniflow scavenged turbocharged
internal combustion crosshead engines have in the past mainly
been operated with hydrocarbon fuels, such as fuel o0il, e.qg.
diesel o0il, or fuel gas, e.g. natural gas or petroleum gas.
The combustion of hydrocarbon fuels releases carbon dioxide
(C02), as well as other greenhouse gases that contribute to
atmospheric pollution and climate change. Unlike fossil fuel
impurities that result in byproduct emissions, C02 is an
unavoidable result of hydrocarbon combustion. The energy
density and CO02 footprint of a specific fuel depend on the
hydrocarbon chain length and the complexity of its hydrocarbon

molecules. Hence, gaseous hydrocarbon fuels have a lower
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footprint than liquid hydrocarbon fuels, with the drawback
that gaseous hydrocarbon fuels are more challenging and costly
to handle and store. To reduce the C02 footprint, large two-
stroke uniflow scavenged turbocharged compression-ignited
internal combustion crosshead engines that operate with a
hydrocarbon fuel have been proposed with a system for capture

and storage of CO2.

DK202170181 discloses a large two-stroke uniflow scavenged
internal combustion engine according to the preamble of claim
1.

One known CO2 capture and storage technology comprises fitting
these Large two-stroke uniflow scavenged turbocharged
internal combustion crosshead engines with an amine-based
scrubber. This is believed to be the presently most mature
carbon capture solution, and it is at present planned to be
installed on ships as pilot and demonstration plants during
the coming years. The disadvantages of this technology are:
The amine i1s degraded over time as 1t 1s sensitive towards
SOx, NOx, 02, particulate matter, and temperatures above
approximately 150 °C. The amine forms harmful emissions, which
must be controlled. The energy consumption in the reboiler is

huge - up to equivalent to 60% of the engine shaft-power.

Another known CO2 capture and storage technology comprises
fitting the Large two-stroke uniflow scavenged turbocharged
internal combustion crosshead engine with EGR and upstream
alr separation (N2 and 02), followed by downstream CO2
liquefaction. The upstream air separation 1is done by a
membrane. The disadvantages of this technology are: The air

separation membrane is spacious, expensive, has a significant
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pressure loss, and may be fragile. Initially, the technology
was tested on land-based power plants (to avoid NOx
formation), but 1t was never a success. Furthermore, a
considerable amount of the 02 can potentially be wasted when

02 and C0O2 are separated in the exhaust gas.

Another known technology is upstream thermal
cracking/reforming of fuels to a mixture of H2 and CO2. H2
and CO2 are separated by a membrane, H2 1s combusted in a
hydrogen engine and C02 is liquefied. The disadvantages of
this technology are: The thermal cracking/reforming requires
a catalyst, which lowers the operating temperature and
improves the selectivity of the reaction. The catalyst is
expensive, maybe sensitive towards impurities in the fuel,
has a limited lifetime and the product stream from the
cracking/reforming process may contain other species than the
desired CO2+H2 (could be CO, CH4). The energy consumption for
the thermal cracking/reforming is in the order of 40% of the
engine shaft power. Furthermore, the technology requires a
membrane to separate H2 and C02 efficiently. Little
information on CO2/H2-membrane separation has been found,
however, the costs, size and lifetime must be considered.
Lastly, this technology requires a hydrogen large two-stroke
uniflow scavenged turbocharged internal combustion crosshead

engine to be developed.

Yet another technology is a large two-stroke uniflow scavenged
turbocharged internal combustion crosshead engine running on
ammonia fuel synthesized from hydrogen and nitrogen. This
technology is under development. The disadvantages of this

technology are: Ammonia 1s extremely toxic and corrosive
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towards certain materials. An ammonia engine will also require
an SCR catalyst and perhaps an N20 catalyst. Despite being
carbon-free, an ammonia ICE can be expected to reduce the GWP
by around 90% relative to diesel o0il on account of N20
emissions. The combustion properties of ammonia are poorly

suited for a compression ignition (diesel) engine.

SUMMARY

It is an object to provide a large two-stroke wuniflow
scavenged turbocharged internal combustion crosshead engine
that overcomes or at least reduces the problems mentioned
above. It 1s another object to provide a method for
eliminating or at least reducing gaseous CO0O2 emissions from
a large two-stroke uniflow scavenged turbocharged internal

combustion crosshead engine.

The foregoing and other objects are achieved by the features
of the independent claims. Further implementation forms are
apparent from the dependent claims, the description, and the

figures.

According to the first aspect, there is provided a large two-
stroke uniflow scavenged internal combustion engine, said
engine comprising:

- a plurality of cylinders with a cylinder liner and a
reciprocating piston therein and a cylinder cover covering
the cylinder,

- a combustion chamber formed inside the cylinder liner 1
between the reciprocating piston and the cylinder cover,

- scavenge ports arranged in the cylinder liner for admitting

scavenge gas into the combustion chamber,
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- an exhaust gas outlet arranged in the cylinder cover and
controlled by an exhaust wvalve,

- an 1intake system comprising a scavenge gas receiver
connected to the cylinders for supplying scavenge gas to the
combustion chambers in the cylinders,

- a fuel system configured for supplying a carbon-based fuel
to the combustion chambers,

- an exhaust system comprising an exhaust gas receiver coupled
to the combustion chambers wvia the exhaust wvalves for
receiving a stream of exhaust gas generated by combustion of
the carbon-based fuel in the combustion chambers,

wherein that the engine is a closed-cycle oxi-fuel engine and
comprises:

- a recirculation conduit connecting the exhaust gas receiver
to the scavenge gas receiver,

- a blower in the recirculation conduit for compressing
exhaust gas from the exhaust gas receiver and forcing
compressed exhaust gas to the scavenge gas receiver,

- an oxygen supply system configured for supplying oxygen to
the intake system, and

- a separation and carbon dioxide liquefaction system, wherein
a portion of the stream of exhaust gas generated in the
combustion chambers is diverted to the separation and carbon
dioxide liquefaction system that is configured to separate
oxygen and carbon dioxide from the diverted stream of exhaust
gas, assisted by liquefaction of carbon dioxide from the
diverted stream of exhaust gas

- a diversion conduilt for diverting the diverted portion of
the stream of exhaust gas, the diversion conduit being coupled
to the recirculation circuit, the diversion conduit comprises

a diversion compressor and one or more coolers.
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This large two-stroke uniflow scavenged internal combustion
engine has no gaseous emissions. Energy consumption for the
oxygen separation and carbon dioxide liquefaction in this
engine 1is relatively low compared to known technologies.
Efficient oxygen and carbon dioxide separation, which
minimizes 02 consumption. The engine is compatible with a
range of fuels and potential retrofit solutions. No rare or
expensive earth metals are required these are used in
catalysts and gas separation membranes known carbon dioxide
capture technologies. Another advantage of the engine is that
the oxygen concentration in the scavenging air can be set
freely. Moreover, SFOC Specific Fuel 0il Consumption is
reduced since no consideration has to be given to NOx
formation, i.e. the engine can operate with higher combustion
Lemperatures and pressures and thereby improve fuel

efficiency.

In a possible implementation form of the first aspect, the
diversion conduit is coupled to the recirculation circuit at
a position downstream of the first cooler and preferably

upstream of the blower.

In a possible implementation form of the first aspect, the
one or more coolers are arranged downstream of the diversion
compressor, the diversion conduit preferably leading to a

separation and liquefaction wvessel.

In a possible implementation form of the first aspect, the
separation and carbon dioxide liquefaction system comprises

a compressor for compressing the diverted stream to a target
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pressure and one or more heat exchangers for cooling the
diverted stream to a target temperature, the combination of
the desired pressure and desired temperature causing the
carbon dioxide in the steam to liquefy and thereby separate
from oxygen in the diverted stream, in a separation vessel,
the target pressure preferably being at least 7 bara and the
target temperature preferably being below -50°C.

In a possible implementation form of the first aspect, the

source of oxygen comprises a liquid oxygen tank.

In a possible implementation form of the first aspect, the
carbon-based fuel 1s a hydrocarbon fuel, and water 1is
generated by the combustion of the hydrocarbon fuel in the
combustion chambers, the engine comprising a water separation
system configured to separate water from the stream of exhaust

gas.

In a possible implementation form of the first aspect, the
engine comprises a first cooler in the recirculating conduit
for cooling the exhaust gas, the first cooler being arranged

upstream of the blower.

In a possible implementation form of the first aspect, the
first cooler is configured to separate water from the exhaust

gas.

In a possible implementation form of the first aspect, the
combustion chambers are configured for combusting the carbon-
based fuel with the oxygen thereby generating a stream of

carbon dioxide containing exhaust gas
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In a possible implementation form of the first aspect, the
molecular fraction of carbon dioxide in the scavenge gas

supplied to the combustion chambers is above 0.70 mol/mol.

In a possible implementation form of the first aspect, the
molecular fraction of nitrogen in the scavenge gas supplied

to the combustion chambers is below 0.05 mol/mol.

In a possible implementation form of the first aspect, the
molecular fraction of oxygen in the scavenge supplied to the

combustion chambers is above 0.17 mol/mol.

In a possible implementation form of the first aspect, at
least one of the coolers in the diversion conduit is a heat
exchanger that exchanges heat between the diverted exhaust
gas and liquid oxygen that is supplied by the source of ligquid

oxygen to the scavenge gas receiver.

These and other aspects will be apparent from the drawings

and the embodiment (s) described below.

BRIEF DESCRIPTION OF THE DRAWINGS

In the following detailed portion of the present disclosure,
the aspects, embodiments, and implementations will Dbe
explained in more detail with reference to the example

embodiments shown in the drawings, in which:

Fig. 1 1is an elevated front view of a large two-stroke

internal combustion engine according to an embodiment,
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Fig. 2 is an elevated side view of the large two-stroke engine
of Fig. 1,

Fig. 3 1s a diagrammatic representation of an embodiment of
the large two-stroke engine of Fig. 1 with a separation and
carbon dioxide liquefaction system, and

Fig. 4, is a diagrammatic representation of the embodiment of
the large two-stroke engine of Fig. 1 with a separation and

carbon dioxide liquefaction system.

DETATILED DESCRIPTION

In the following detailed description, an internal combustion
engine will be described with reference to a large two-stroke
low-speed uniflow scavenged turbocharged internal combustion
engine with crossheads in the example embodiments. The large
two-stroke low-speed uniflow scavenged turbocharged internal
combustion engine with crossheds can be of the (high-pressure)
type in which fuel is injected at or near top dead center
(TDC) of the pistons that is compression-ignited or of the
(low-pressure) type in which fuel is mixed with the scavenging
alr before or during compression (pre-mix engine) and the
mixture of air and fuel is spark ignited or the like. In the
pre-mix engine, there will typically be a “pilot” ignition
with an ignition fluid, e.g. fuel o0il, at or near TDC for

ensuring reliable ignition.

Figs. 1, 2, and 3 show a large low-speed turbocharged two-
stroke engine with a crankshaft 8 and crossheads 9 that is
configured to operate according to the Diesel principle, i.e.
it is a compression-ignition engine. Fig. 3 shows a
diagrammatic representation of a large low-speed turbocharged

two-stroke diesel engine with its intake and exhaust systems.
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In this example embodiment, the engine has six cylinders in
line. Large low-speed turbocharged two-stroke internal
combustion engines have typically between four and fourteen
cylinders in 1line, carried by a cylinder frame 23 that is
carried by an engine frame 11. The engine may e.g. be used as
the main engine in a marine vessel or as a stationary engine
for operating a generator in a power station. The total output
of the engine may, for example, range from 1,000 to 110,

000 kW.

The engine can be configured as a dual-fuel engine. The engine
can be a compression-ignited engine or a premix engine. The
engine according to the present embodiment is of the two-
stroke uniflow type with scavenging ports 18 in the lower
region of the cylinder liners 1 and a central exhaust valve
4 at the top of each cylinder liner 1. The engine has at least
one mode in which the engine 1is operated on a carbon-based
fuel, e.g. natural gas, methanol, Dimethyl Ether (DME), or

fuel 0il (e.g. marine diesel).

The scavenge gas 1s passed from the scavenge gas receiver 2
to the scavenge ports 18 of the individual cylinders 1. A
piston 10 that reciprocates in the cylinder liner 1 between
the Dbottom dead center (BDC) and top dead center (TDC)
compresses the scavenge gas. Fuel 1s injected through fuel
valves 50 that are arranged in the cylinder cover 22 into the
combustion chamber at high pressure when the piston is at or
near TDC (Diesel principle - compression ignition). When the
engine is configured as a pre-mix engine, the fuel is admitted
at a relatively low pressure when the piston is on its way

towards TDC (Otto principle - premix engine) from fuel
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admission valves (there will typically be 2 or more fuel
admission valves for each cylinder). The fuel admission valves
can be arranged in the cylinder liner at a position above the
scavenge ports 18, or in the cylinder cover 22. Combustion
follows, and exhaust gas 1is generated. If the engine 1is
configured for compression-ignition, each cylinder cover 22
is provided with two or more fuel wvalves 50. The fuel valves
50 are configured to inject only fuel into the combustion
chamber. The fuel valves 50 are arranged in the cylinder cover
22 around the central exhaust wvalve 4. Further, additional,
typically smaller fuel wvalves (not shown) are optionally
provided 1in the cylinder cover 22 for injecting ignition
fluid, for ensuring reliable ignition of the fuel (e.qg.
gaseous fuel). The ignition fluid is e.g. dimethyl ether (DME)
or fuel o0il, but can also be another form of ignition
enhancer, such as hydrogen. In an embodiment (not shown), the
fuel valves are arranged along the cylinder liner (shown by
the interrupted lines) and admit the fuel into the cylinder
before the piston 10 passes the fuel valves on its way from
BDC to TDC. Thus, when the engine is configured for pre-mix
operation, the piston 10 compresses a mixture of scavenging
air and fuel. Timed ignition at or near TDC is triggered by
spark, laser, ignition fluid injection, or the like. In the
embodiment with the fuel wvalves, the pressure at which the
fuel is admitted is substantially lower than the pressure at
which the fuel 1is injected in the embodiment with the fuel
valves 50 in the cylinder cover 22, which injects when the
piston is at or near top dead center (TDC) and the pressure
at which the fuel is injected needs to be significantly higher

than the compression pressure.
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When an exhaust valve 4 1is opened, the exhaust gas flows
through an exhaust duct associated with the cylinders into
the exhaust gas receiver 3 and onwards through recirculation
conduit 5 via a first cooler 14 to a blower 7, from which the
exhaust gas flows back into the scavenge gas receiver 2. If
the fuel is a hydrocarbon fuel and therefore water is produced
during combustion, the cooler 14 will be configured to remove
most of the water from the stream of exhaust gas and divert
the water in a water tank 16. A portion of the exhaust gas is
diverted from the recirculation conduit 5, preferably at a
position downstream of the first cooler 14 and upstream of
the blower 7, to a separation and carbon dioxide liquefaction
system 60. The separation of carbon dioxide liquefaction
system 60 liquefies the carbon dioxide and stores the
liquefied carbon dioxide in a liquefied carbon dioxide storage
tank 49 and transports oxygen that was separated from carbon
dioxide in the diverted stream of exhaust gas to the scavenge
gas receliver 2. A source of oxygen, in this embodiment a tank
of liquid oxygen 12, feeds a stream of oxygen into the

scavenge alr receiver 2.

The compressed exhaust gas leaving the blower 7 is mixed in
the scavenge gas receiver with the oxygen from the source of
oxygen 12 to form scavenge gas that is ready to be supplied
to the combustion chamber in the cylinder liners 1 through

the scavenge ports 18.

Referring now to Fig. 4, the engine of Figs. 1-3 is disclosed
in greater detail, in particular with respect to the
separation and carbon dioxide liquefaction system. In this

version of this embodiment, the engine is operated with a
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hydrocarbon fuel, and accordingly, the combustion gas
comprises both water and carbon dioxide. Accordingly, the
first cooler 14 is configured to condense and separate a major
portion of the water in the exhaust gas. The condensed and
separated water from the exhaust gas 1s transported by a
conduit 15 to a water tank 16. A portion of the exhaust gas
leaving the first cooler 14 is diverted from the mainstream
of cooled exhaust gas to a diversion conduit 40. The amount
of exhaust gas that is diverted from the recirculation conduit
5 is in an embodiment regulated by a control valve 38 that is
arranged in the diversion conduit 40. The amount of exhaust
gas that is diverted is regulated to correspond to the amount
of carbon dioxide produced in the combustion process so that
the total amount of carbon dioxide that re-circulates in the
engine 1is substantially constant. Preferably, the engine
comprises a controller (not shown) such as a microcontroller,
that is informed of the amount of carbon in the fuel that is
injected, and is configured to calculate the amount of carbon
dioxide produced by combustion, and configured to regulate
the amount of exhaust gas that is diverted accordingly. The
remaining portion of the exhaust gas coming from the first
cooler 14 goes to the blower 7 and from there, it goes as
compressed exhaust gas to the scavenge gas receiver 2.
However, it should be understood that the engine operation
can be controlled differently, without needing to determine
the amount of carbon dioxide needs to be removed, and could
for example use the absolute pressure in e.g. the exhaust gas
receiver as a parameter for determining how much exhaust
carbon dioxide has to be removed. In this example, a reference
pressure in the exhaust gas receiver or a reference pressure

pressure that is a function of engine operating conditions,
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such as engine load is used the controller to increase or
decrease or maintain the amount of carbon dioxide is removed,
e.g. when the determined or measured pressure in the exhaust
gas receliver 1s above the reference pressure, more carbon
dioxide 1s removed, when the determined or measured pressure
in the exhaust gas receiver is below the reference pressure,
less carbon dioxide 1is removed, and when the determined or
measured pressure 1in the exhaust gas receiver within a
tolerated bandwidth around the reference pressure, no changes
made to the amount of carbon dioxide is removed.

The diversion conduit 40 comprises a compressor 42. The
compressor 1s configured to substantially increase the
pressure of the diverted exhaust gas, for example by at least
40 bar. Downstream of the compressor 42, a second cooler 44
is provided. The second cooler 44 will cause any residual
water to condense and this water will be separated and
conveyed to the water tank 16. A third cooler 45 is arranged
downstream of the second cooler. The third cooler 45 is a
heat exchanger that exchanges heat with liquid oxygen from a
liquid oxygen tank 61 that is conveyed through the production

conduit 63 to the scavenge gas receiver 2.

A fourth cooler 46 is arranged downstream of the third cooler
45. The fourth cooler 46 exchanges heat with a mixture of
oxygen and carbon dioxide coming from a carbon dioxide
liquefaction and oxygen separation vessel 47 and coming from
a liquefied carbon dioxide storage tank 49. The diversion
conduit leads to the carbon dioxide liquefaction and oxygen
separation vessel 47. When the diverted exhaust gas leaves
the fourth cooler 46, the temperature is sufficiently low and

the pressure sufficiently high for the carbon dioxide in the
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diverted exhaust gas to be liquefied in the carbon dioxide
liquefaction and oxygen separation vessel 47, and thereby
separated from the oxygen that does not liquefy at these
temperatures and pressures. Thus, the lower part of the carbon
dioxide liquefaction and oxygen separation vessel 47 will
contain liquefied carbon dioxide, the upper part of the carbon
dioxide liquefaction and oxygen separation vessel 47 will
contain a mixture of oxygen and carbon dioxide in the gas
phase. The lower part of the carbon dioxide liquefaction and
oxygen separation vessel 47 is connected by a liquefied carbon
dioxide conduit 48 to the liquefied carbon dioxide tank 49.
The lower part of the liquefied carbon dioxide tank 49 holds
liquefied carbon dioxide, the upper part of the liquefied
carbon dioxide tank 49 holds a mixture of oxygen and carbon
dioxide in the gas phase. The mixtures in the gas phase in
the carbon dioxide liquefaction and oxygen separation vessel
47 and preferably also in the liquefied carbon dioxide tank
49 are conveyed in an oxygen return conduit 43 via expansion
valves 65 and 66, respectively, to the scavenge gas receiver
2. The option return conduit 43 passes 1in an embodiment
through the fourth cooler 46 for exchanging heat with the

diverted exhaust gas.

The amount of oxygen 1n the scavenge gas 1s regulated by
adjusting the flow of liquid oxygen from the ligquid oxygen
tank 61 to the scavenge gas receiver 3 through the liguid
oxygen supply conduit 63. This flow is regulated by control
valve 64 is arranged in the oxygen supply conduit 63, and is

preferably under the control of the controller.
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A bypass conduit 25 extends from the exhaust gas receiver 3
to the scavenge gas receiver 2 for bypassing the blower 7. A
bypass control valve 26 regulates the flow of gas from the
scavenge gas receiver 2 to the exhaust gas receiver 3.The
bypass valve functions as a process control handle. The amount
of overscavenge can be reduced by allowing carbon dioxide
rich gas (before oxygen enrichment) to bypass the cylinder
back to the exhaust receiver. In this way the amount of short
circuited oxygen can be minimized. In addition, scavenge
efficiency can be reduced, so that hot residual gases remain
in the cylinder to the next cycle. In this way higher
compression temperatures can be achieved if needed, e.g. to

avoild knocking tendencies.

EXAMPLE
Operating conditions example using fuel with Sfoc = 362

gCH30H/kWh and assuming 50% thermal efficiency):

In the exhaust gas receiver, the temperature of the exhaust
gases typically between 400 to 500°C has a pressure of
approximately 4 bar. yCO02 is approximately 0.85 mol/mol and
y02 is approximately 0.15 mol/mol.

Downstream of the first cooler 14, the temperature of the
exhaust gases typically approximately 5°C has a pressure of
approximately 4 bar. yCO02 is approximately 0.85 mol/mol and
y02 is approximately 0.15 mol/mol.

Blower 7 increases the pressure by 0.3 bar.
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In the scavenge gas receilver, the temperature of the scavenge
gas is approximately 10°C and has a pressure of approximately
4.3 bar. yCO02 is approximately 0.79 mol/mol and y02 is
approximately 0.21 mol/mol.

The compressor increases the pressure of the diverted exhaust
gas by approximately 41 bar, and downstream of the second
cooler 44 the diverted exhaust gas has a temperature of 10 °C
and a pressure of approximately 45 bar. yC02 = 0.79 mol/mol
and y02 = 0.21 mol/mol.

By the fime the diverted exhaust gas reaches the carbon
dioxide liquefaction and oxygen separation vessel 47 the
temperature is minus 20°C and the pressure is approximately

45 bar.

The liguid oxygen 1n the 1liquid oxygen tank 61 1s a
temperature of approximately -140 °C and a pressure of

approximately 20 bar.

The various aspects and implementations have been described
in conjunction with wvarious embodiments herein. However,
other wvariations to the disclosed embodiments can be
understood and effected by those skilled in the art in
practicing the claimed subject matter, from a study of the
drawings, the disclosure, and the appended claims. In the

claims, the word “comprising” does not exclude other elements

w 144 w 144

or steps, and the indefinite article “a” or “an” does not

exclude a plurality. The reference signs used in the claims
shall not be construed as limiting the scope. Unless otherwise

indicated, the drawings are intended to be read (e.g., cross-
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hatching, arrangement of parts, proportion, degree, etc.)
together with the specification, and are to be considered a

portion of the entire written description of this disclosure.



DK 182020 B9

19

PATENTKRAV

1. Stor, totaktsforbraendingsmotor med lengdeskylning, hvilken
motor omfatter:

- en flerhed af cylindre med en cylinderforing (1) og et frem-
og tilbagegdende stempel (10) deri og et cylinderdaksel (22),
der dakker cylinderen,

- et forbrandingskammer dannet inde 1 cylinderforingen (1)
mellem det frem- og tilbagegaende stempel (10) og
cylinderdakslet (22),

- skylleabninger (18), der er anbragt i cylinderforingen, (1)
til at lade skyllegas traenge ind i forbrandingskammeret,

- et udstedningsgasudlgb, der er anbragt i cylinderdakslet
(22) og styres af en udstedningsventil (4),

- et indsugningssystem, der omfatter en skyllegasmodtager (2)
forbundet med cylindrene, til tilfegrsel af skyllegas til
forbrendingskamrene i cylindrene,

- et braendstofsystem (30), der er konfigureret til tilfersel
af et carbonbaseret brandstof til forbrendingskamrene,

- et udstedningssystemn, der omfatter en
udstedningsgasmodtager (3) koblet til forbrandingskamrene via
udstedningsventilerne (4) til modtagelse af en strem af
udstedningsgas genereret ved forbranding af det
carbonbaserede brandstof 1 forbrendingskamrene,

kendetegnet ved, at motoren er en oxy-fuel-motor med lukket
kredslgb og omfatter:

- en recirkulationsledning (5), der forbinder
udstedningsgasmodtageren (3) med skyllegasmodtageren(2),

- en Dbleser (7) 1 recirkulationsledningen (5) til at

komprimere udstedningsgas fra udstedningsgasmodtageren (3) og
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til at tvinge komprimeret udstedningsgas til
skyllegasmodtageren (2),

- et oxygentilfgrselssystem (12), der er konfigureret til at
tilfore oxygen til indsugningssystemet, og

- et separations- og carbondioxidflydendeggrelsessystem (60),
hvor en del af strogmmen af udstedningsgas genereret 1
forbrandingskamrene omledes til separations- og
carbondioxidflydendeggrelsessystemet (60), der er
konfigureret til at separere oxygen og carbondioxid fra den
omledte strom af udstedningsgas, assisteret af
flydendeggrelse af carbondioxid fra den omledte strem af
udstedningsgas,

- en omledningsledning (40) til omledning af den omledte del
af strogmmen af udstedningsgas, hvilken omledningsledning (40)
er koblet til omledningskredslgbet (5), omledningsledningen
(40) omfatter en omledningskompressor (42) og én eller flere

kolere (44, 45, 46).

2. Motor ifelge krav 1, hvor omledningsledningen (40) er
koblet til recirkulationskredslgbet (5) pa en position
nedstrems for den forste kgler (14) og fortrinsvis opstrems

for blaseren (7).

3. Motor ifwlge krav 1 eller 2, hvor den ene eller flere
kaglere (44, 45, 416) anbringes opstroms for
omledningskompressoren (42), hvor omledningsledningen (40)
fortrinsvis forer til en separations- og

carbondioxidflydendegeorelsesbeholder (47).

4., Motor ifwlge et hvilket som helst af krav 1 til 3, hvor

separations- og carbondioxidflydendeggrelsessystemet (60)
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omfatter en kompressor (42) til komprimering af den omledte
strem til et maltrvk og én eller flere varmevekslerne (44,
45, 46) til afkgling af den omledte strem til en
maltemperatur, hvor kombinationen af det enskede tryk og den
gnskede temperatur bevirker, at carbondioxiden 1 stremmen
gores flydende og derved separeres fra oxygen 1 den omledte
strem, i en separationsbeholder (49), hvor maltrykket
fortrinsvis er mindst 7 bara og maltemperaturen fortrinsvis

er under -50 °C.

5. Motor ifwlge et hvilket som helst af krav 1 til 4, hvor
kilden til oxygen omfatter en tank (6l1) til flydende oxygen.

6. Motor ifglge et hvilket som helst af krav 1 til 5, hvor
det carbonbaserede brandstof er et carbonhydridbraendstof, og
vand genereres ved forbrandingen af carbonhydridbraendstoffet
i forbrandingskamrene, idet motoren omfatter et
vandseparationssystem (14, 15, 16), der er konfigureret til

at separere vand fra streommen af udstedningsgas.

7. Motor ifwlge et hvilket som helst af krav 1 til 6, og som
omfatter en forste koler (14) 1 recirkulationsledningen (5)
til afkeling af udstedningsgassen, hvor den feorste koler (14)

fortrinsvis placeres opstrems for blaseren(7).

8. Motor ifwslge krav 7, nar det afhanger af krav 6, hvor den
forste kgler (14) er konfigureret til at adskille wvand fra

udstedningsgassen.

9. Motor ifwlge et hvilket som helst af krav 1 til 8, hvor

forbrendingskamrene er konfigureret til forbranding af det
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carbonbaserede brendstof med oxygenet, hvorved der genereres

en strem af carbondioxidholdig udstedningsgas.

10. Motor ifwlge et hvilket som helst af krav 1 til 9, hvor
motoren er konfigureret saledes at den molekylare fraktion af
carbondioxid i skyllegassen tilfert forbrandingskamrene er

over 0,70 mol/mol.

11. Motor ifwglge et hvilket som helst af krav 1 til 10, hvor
motoren er konfigureret saledes at den molekylare fraktion af
nitrogen i1 skyllegassen tilfegrt forbrendingskamrene er under

0,05 mol/mol.

12. Motor ifwglge et hvilket som helst af krav 1 til 11, hvor
motoren er konfigureret saledes at den molekylare fraktion af
oxygen 1 skyllegassen tilfert forbrendingskamrene er over

0,17 mol/mol.

13. Motor ifwglge et hvilket som helst af krav 5 til 12, hvor
mindst én af kelerne (45) 1 omledningsledningen (40) er en
varmeveksler, der udveksler varme mellem den omledte
udstedningsgas og det flydende oxygen, som tilfores

skyllegasmodtageren (2) fra kilden til flydende oxygen (61).
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