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Description

CHARGE AIR GUIDE ELEMENT AND INTERNAL COMBUSTION
ENGINE WITH A CHARGE AIR GUIDE ELEMENT

Technical Field

The present disclosure generally refers to a turbocharged engine
system and more particularly to a configuration of a two-stage turbocharged

system with exhaust gas recycling.

Background

For medium speed internal combustion engines, two-stage
turbocharged systems having a low-pressure stage turbocharger and high-pressure
stage turbocharger may be used to pre-compress the charge air being provided to
the combustion chambers. The turbocharged systems may be mounted to an
engine block at the same or at opposing sides.

Internal combustion engines exhaust a complex mixture of air
pollutants. These air pollutants are composed of gaseous compounds such as
nitrogen oxides (NOx), and solid particulate matter also known as soot. Due to
increased environmental awareness, exhaust emission standards have become
more stringent, and the amount of NOx and soot emitted to the atmosphere by an
engine may be regulated depending on the type of engine, size of engine, and/or
class of engine.

In order to ensure compliance with the regulation of NOx, a
strategy called exhaust gas recycling (EGR) for mixing the exhaust gas into the
charge air may be implemented. EGR may reduce NOx emission. As an
exemplary EGR system, the not yet published EP application 09002111 (filed by
Caterpillar Motoren GmbH & Co. KG on 16 February 2009) discloses a
turbocharged engine with EGR. In particular, the EP application discloses an
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engine having end sides being opposite in a lengthwise direction of a crankshaft.
On each side, a single-stage turbocharger system, i.e. an exhaust turbocharger
with a turbine and a compressor, is arranged. The turbines are fluidly connected
to a common exhaust manifold of the engine, while the compressors are fluidly
connected to a common intake manifold of the engine.

As another example, the not yet published EP application
09015247 (filed by Caterpillar Motoren GmbH & Co. KG on 9 December 2009)
discloses a two-stage turbocharged engine with exhaust gas recycling using a
specifically shaped mixing pipe configuration.

The large dimensions of medium speed internal combustion
engines may result in large charge air systems and large exhaust gas systems of
similar dimensions as the combustion engine. For example, charge air or exhaust
gas pipes may extend along the sides of the internal combustion engines from one
turbocharger to the other.

Medium speed internal combustion engines may moreover be
adapted for the use with fuels such as diesel fuel, light fuel oil (LFO), heavy fuel
oil (HFO), alternative fuels of first generation biofuels (e.g. palm oil, canola oil,
oils based on animal fat) and second generation biofuels (e.g. oils made of non
food corps, i.e. waste biomass) that produce an exhaust gas that is destructive,
e.g. corrosive, to the components with which the exhaust gas gets in contact.

In addition to the conventional exhaust gas system, which is
inherently subjected to any corrosiveness of the exhaust gas, an EGR system
subjects also components of the charge air system to the corrosiveness of the
exhaust gas by adding the corrosive exhaust gas to the charge air.

The present disclosure is directed, at least in part, to improving or

overcoming one or more aspects of prior systems.

Summary of the Disclosure

According to an aspect of the present disclosure, a charge air guide

element for an internal combustion engine may comprise a mounting section
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comprising a through hole configured as a passage for a cylinder unit of the
internal combustion engine in a mounted state of the charge air guide element;
and a charge air guide section defining a first passage extending from an inlet
opening on a first side of the charge air guide section to a first outlet opening at a
second side of the charge air guide section, and a second passage fluidly
connecting a second outlet opening with the first passage and the second outlet
opening is configured for providing a fluid connection from the inlet opening to a
charge air inlet of the cylinder unit in the mounted state.

According to another aspect of the present disclosure, an internal
combustion engine may comprise a one-piece cast engine block with a top side, a
first end side, and a second end side, the second end side opposing the first end
side; a two-stage turbocharged system comprising a low-pressure turbocharger
with a low-pressure compressor and a high-pressure turbocharger with a high-
pressure compressor mounted at the first end side and the second end side,
respectively; a plurality of cylinder units mounted at the top side and reaching
into the enginé block; and a charge air system'cqmprising a compressor
connection being int.egrated:in the 6r:1e"-:piec’:§ :ca"s,t éngirie block for connecting the
low-pressure compres.sor: and the’_: high@féssure'compfessorIOf the two-sfage
turbocharged system, and an inlet manifold for distributing charge air to each of
the plurality of cylinder units, wherein the inlet manifold comprises a plurality of
charge air guide elements e.g. as described herein and each charge air guide
element includes a mounting section and a charge air guide section.

According to another aspect of the present disclosure, a method
for replacing a charge air guide element in an internal combustion engine may
comprise disconnecting the charge air guide element of the plurality of charge air
guide elements that form an inlet manifold; and replacing the charge air guide
element by a new charge air guide element.

The charge air guide element may further be an integral cast part.
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The mounting section may be configured as a water ring for
guiding a coolant for cooling the cylinder unit in the mounted state.

A plurality of charge air guide elements may be configured to
provide a fluid connection from an exit of the high-pressure compressor to each
of the cylinder units.

According to another aspect of the present disclosure, a mixing
pipe for a charge air system of an internal combustion engine may comprise a
first opening for fluidly connecting the mixing pipe to a high-pressure component
of the charge air system and a second opening for fluidly connecting the mixing
pipe to a connecting port of an charge air inlet manifold, at least one sharp bend
between the first opening and the second opening; and an exhaust gas inlet port
that is positioned between the first opening and the at least one sharp bend and
configured for providing a fluid connection to an exhaust gas system of the
mternal combustion engine.

According to another aspect of the present disclosure, an 1nternal
combustion éngine may comprlse an engine block with a top snde "a first end side,
and a second end side, the second end side opposing the first end side; a
turbocharged system comprising a compressor mounted at the second end side; a
cooler for cooling the compressed charge air; a plurality of cylinder units
mounted at the top side and reaching into the engine block; a charge air system
comprising an inlet manifold for distributing charge air to each of the plurality of
cylinder units, and a mixing pipe e.g. as described herein; and an exhaust gas
system, wherein the first opening of the mixing pipe is connected with the cooler,
the second opening of the mixing pipe is connected with the inlet opening of the
inlet manifold, the exhaust gas inlet port is connected with the exhaust gas
system, e.g. the exhaust manifold.

According to another aspect of the present disclosure, an engine
block for an internal combustion engine with a two-stage turbocharged system

may comprise a top side, a first end side, and a second end side, the second end



WO 2012/139730 PCT/EP2012/001500

[19]

[20]

[21]

side opposing the first end side, and a compressor connection is formed within
the engine block, the compressor connection having a low-pressure side opening
at the first end side for having charge air entered and a high-pressure side opening
at the second end side for having charge air discharged.

According to another aspect of the present disclosure, an internal
combustion engine may comprise an engine block as described herein having a
top side, a first end side, and a second end side, the second end side opposing the
first end side; a two-stage turbocharged system comprising a low-pressure
turbocharger with a low-pressure compressor and a high-pressure turbocharger
with a high-pressure compressor mounted at the first end side and the second end
side of the engine block, respectively; a plurality of cylinder units mounted at the
top side and reaching into the engine block; and a charge air system comprising a
compressor connection being integrated in the one-piece cast engine block for |
connecting the low-pressure compressor and the high-pressure cpmpreésor of the
two-stage turbo_chargedvsystem, and an inlet manifold for distributing charge air
to each of the plurality of cylinder units, wherein the inlet manifold comprises a
plurality of charge air guide elements as e.g. described above and each charge air
guide element includes a mounting section and a charge air guide section.

According to another aspect of the present disclosure, a method
for manufacturing an engine block for an internal combustion engine may
comprise casting of the engine block to comprise a top side, a first end side, and a
second end side, the second end side opposing the first end side, wherein during
the casting, a compressor connection is formed within the engine block, the
compressor connection having a low-pressure side opening at the first end side
for having charge air entered and a high-pressure side opening at the second end
side for having charge air discharged.

In some embodiments, the engine block may be a one-piece cast
and the compressor connection may be formed within the one-piece cast. There

may be no fluid connection through the top side to the compressor connection.
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In some embodiments, the compressor connection may comprise
an air tight side wall connecting low-pressure side opening and high-pressure side
opening. The air tight side wall may comprise only a single charge air inlet
opening and a single charge air outlet opening. The air tight side wall may
additionally comprise an opening configured for mounting a drain valve, e.g. at
the bottom side of the compressor connection next to the high-pressure side
opening.

The following advantages may apply to turbocharged internal
combustion engines as disclosed herein.

An inlet manifold external to the engine block may provide better
access and may be easier to mount, operate, and replace than an internal inlet
manifold being integrated within the engine block. In addition, an internal low-

pressure compressor connection arranged within the engine block may not be

- prone to service.

For example, corrosion caused by exhaust gas supplemented to the
charge air may cause damage components of the charge air system such as the air
guide elements of the inlet manifold or the mixing pipe. An exchange of a
damaged component located at the outside may be easily serviced and may not
affect the engine block, as, e.g., air guide elements and mixing pipes may be
formed as separate cast parts that then may be replaced if damaged.

Other features and aspects of this disclosure will be apparent from

the following description and the accompanying drawings.

Brief Description of the Drawings

Fig. 1 is a schematic perspective view of an internal combustion
engine with a two-stage turbocharged system;

Fig. 2 is a schematic cut view of the internal combustion engine of
Fig. 1;

Fig. 3 is a schematic perspective view of a charge air guide

element of the internal combustion engine of Fig. 1;
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Fig. 4 is a schematic perspective view of a engine block of the
internal combustion engine of Fig. 1;

Fig. 5 is a schematic illustration of the flow of the charge air
within the internal combustion engine of Fig. 1;

Fig. 6 is a schematic perspective view of an internal combustion
engine with a two-stage turbocharged system in V configuration;

Fig. 7 is a schematic perspective view of charge air guide elements
of the internal combustion engine of Fig. 6; and

- Fig. 8 is a schematic perspective view of a mixing pipe.

Detailed Description

The following is a detailed description of exemplary embodiments
of the present disclosure. The exemplary embodiments described therein and
illustrated in the drawings are intended to teach the principles of the present
disclosure, enabling those of ordinary skill in the art to implement and use the
present disclosure in many different environments and for many different
applications. Therefore, the exemplary embodiments are not intended to be, and
should not be considered as, a limiting description of the scope of patent
protection. Rather, the scope of patent protection shall be defined by the
appended claims.

The present disclosure may be based in part on the realization that
EGR may result in damages to the charge air system, which results in the
potential requirement to ease replacement of damaged components of the charge
air system. As a result, new configurations for medium speed internal combustion
engines are disclosed that may improve accessibility of those components being
affected by ECR and, in particular, allow the implementation of those affected
components as replacement parts.

For large air systems of two-stage turbocharged systems with
turbochargers positioned at opposing ends of the engine block, the present

disclosure discloses as an example a medium speed internal combustion engine
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having a low-pressure charge air connection between the opposed turbochargers
integrated in a casted engine frame (hereinafier referred to as engine block) and
providing an high-pressure charge air connection from the second stage
turbocharger to the cylinders at the outside, e.g., on tope of the casted engine
block by composing a charge air inlet manifold from modularized casted engine
parts.

Moreover, the present disclosure discloses an engine block, e.g., a
one-piece casted engine block, for internal combustion engines.

In addition, the present disclosure discloses a mixing pipe for
connecting a turbocharged system with an inlet manifold for implementing EGR
in a compact manner.

Figs. 1 to 5 refer to an in-line configuration of an internal
combustion engine. However, the new concepts may be applied similarly to
different engine configurations such as a V-configuration as illustrated in Figs. 6
and 7.

Referring to Figs. 1 to 5, an internal combustion engine 1 may
comprise several cylinder units 16A-16] arranged in-line. As an example, Fig. |
shows nine cylinder units. Internal combustion engine 1 may comprise an engine
block 10 housing the crankshaft and providing support for cylinder units 16A-161
being mounted thereon and reaching through cylinder openings 11A-111 at a top
side 21 of engine block 10 into the inside of engine block 10.

Internal combustion engine 1 may further comprise a two-stage
turbocharged system 12 having a low-pressure stage turbocharger 26 and a high-
pressure stage turbocharger 28. Internal combustion engine 1 may further
comprise a fuel tank, one ore more catalyst systems, and an engine control unit,
which are not shown.

Cylinder units 16A-16I may each comprise a cylinder head part
17, a combustion chamber, and a cylinder associated for guiding a piston within a

cylinder liner. The piston may be connected to a crankshaft. A cover 48 may
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cover and protect the top of cylinder head part 17 as well as mechanical parts and
fluid connection parts being arranged thereon. Internal components of cylinder
units 16A-16] are not shown in detail.

In addition to top side 21, engine block 10 may have end sides
18L and 18H, being opposite in a lengthwise direction 19 defined by the
longitudinal arrangement of cylinder units 16A-161. Engine block 10 may further
have opposing long sides 20A, 20B being opposite in a direction orthogonal to |
lengthwis¢ direction 19. Cylinder units 16A-161 may linearly be arranged
between end sides 18L und 18H and parallel to long sides 20A, 20B.

Internal combustion engine 1 may comprise a charge air system,
which includes, e.g., an intake manifold 22, and an exhaust gas system, which
includes, e.g., an exhaust manifold 24. For EGR, a fluid connection 36 between
the exhaust gas system and the charge air s-y‘ste‘rn may be provided such thatina
controlled manner exhaust gas can be mixed with the charge air before charging
the combustion chamber. In Fig. 1, fluid connection 36 may leak into a miking
pipe 29 that may be provided before the charge air enters intake manifold 22.

Intake manifold 22 may extend on top of top side 21 in lengthwise
direction 19 and may be fluidly connected to each of cylinder units 16A-161.
Accordingly, top side 21 may be configured for mounting a charge air inlet
manifold thereon. Top side 21 may be free of any charge air openings that would
provide a fluid connection from a fluid charge air passage within the engine block
to intake manifold. Accordingly, there may be no opening through top side 21 for
guiding charge air there through. In other words, the top side is configured to
fluidly separate the inside of the engine block, in particular the charge air passage
within the engine block from the top side.

Intake manifold 22 may be connected to high-pressure turbocharger 28
via mixing pipe 29 and to inlet openings of cylinder units 16A-161. Each of

cylinder units 16A-161 may be provided with at least one inlet valve (not shown)
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configured to open or close the fluid connection between intake manifold 22 and
the combustion chamber of the respective cylinder unit.

Intake manifold 22 may not be casted into engine block 10 and
may instead be mounted as one or more separately configured parts on top of top
side 21. For example, top side 21 may be configured for having mounted the one
or more separately configured parts thereon. Separately configured parts may
have the advantage that replacement of each part can be performed without
affecting the engine block. »

In Fig. 2, exhaust manifold 24 may be provided above intake
manifold 22. Exhaust manifold 24 may be fluidly connected to each of cylinder
units 16A-161. Each of cylinder units 16A-161 may include an exhaust valve (not
shown) configured to open and close the fluid connection between the
combustion chamber of a respective cylinder unit 16A-161 and exhaust manifold
24,

Generally, when internal combustion engine 1 is operated,
combustion chambers may be charged with charge air provided via intake
manifold 22. After combustion, exhaust gas generated by the combustion process
may be released from cylinder units 16A-16I via exhaust manifold 24.

Two-stage turbocharged system 12 may comprise low-pressure
stage turbocharger 26 and high-pressure stage turbocharger 28, turbochargers 26,
28 forming a sequential turbocharging system. Generally, turbochargers may be
applied to use the heat and pressure of the exhaust gas of an engine to drive a
compressor for compressing the charge air for the engine.

In Fig. 1, low-pressure stage turbocharger 26 may comprise a
compressor C and a turbine Ty that are mechanically connected via a common
shaft. Similarly, high-pressure stage turbocharger 28 may comprise a compressor
Cy and a turbine Ty that are connected via a common shaft.

At end side 18L (also referred to as low-pressure side), low-

pressure stage turbocharger 26 may be fixedly attached to engine block 10, e.g.
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directly or as a unit in combination with other components such as a charge air
coolant block, e.g. a first cooler 30 etc.

At end side 18H (also referred to as high-pressure side), high-
pressure stage turbocharger 28 may be fixedly attached to engine block 10, e.g.
directly or as a unit in combination with other components such as a charge air
coolant block, e.g. a second cooler 32 etc.

By mounting the turbochargers 26, 28 at opposite sides of engine
block 10, mounting may be simplified and space may be used effectively, while
providing easy access to the engine’s components from long sides 204, 20B.

An inlet of compressor C;. may be configured to suck in charge air
for the combustion process. Generally, an outlet of compressor C;, may be fluidly
connected via a compressor connection 34 with an inlet of compressor Cy.

Compressor connection 34 may be a fluid connection provided
within engine block 10 and that provides a passage from end side 18L to end side
18H within the one-piece casted engine block 10 but is otherwise closed air tight
(see Fig. 4). The passage may include an opening 51L at end side 18L and an
opening 51H at end side 18H. The pressure within compressor connection 34
may be, e.g., 3 bar.

The outlet of compressor C;, may be connected via first cooler 30
to opening 51L and opening 51H may be connected to an inlet of compressor Cy.
An outlet of compressor Cy may be connected via a second cooler 32 and mixing
pipe 29 with intake manifold 22. Intake manifold 22 may be comprised of charge
air guide elements 23A-231 and configured to distribute the charge air to cylinder
units 16A-161. An exemplary embodiment for charge air guide elements 23A-231
is described below in connection with Fig. 3.

Low-pressure stage turbocharger 26 and first cooler 30 may form a
first unit that may be mounted to end side 18L of engine block 10. High-pressure
stage turbocharger 28 and second cooler 32 may form a second unit that may be

mounted to end side 18H of engine block 10.
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In the mounted state, one may access the engine components, €.g.
cylinder units 16A-161 and manifolds 22, 24, from long sides 20A, 20B and top
side 21 while the side faces of engine block 10 at end sides 18L and 18H may be
specifically configured and shaped for mounting the large components of two-
stage turbocharged system 12, e.g. cooler/turbocharger units including
turbochargers 26, 28 and first and second coolers 30, 32.

During operation of engine 1, the charge air may be twice
compressed and cooled before charging of the combustion chambers of cylinder
units 16A-161. Within the combustion chambers, further compression of the
charge air may be caused through the movement of the pistons. Then, an
appropriate amount of fuel, e.g. diesel oil, marine diesel oil, heavy fuel oil,
alternative fuels, or a mixture thereof, may be injected into the combustion
chambers. Then, the fuel may be combusted with the compressed charged air and
produce exhaust gas, which may be discharged via exhaust manifold 24.

An outlet of exhaust manifold 24 may be connected to an inlet of
turbine Ty. An outlet of turbine Ty may be fluidly connected with an inlet of
turbine Ty, via a turbine pipe connection 35 and an outlet of turbine T, may
release the exhaust gas. The exhaust gas system may additionally comprise one or
more catalyst systems and/or one or more exhaust gas filtering systems that may
be arranged, e.g., externally or within turbine pipe connection 35.

For medium speed large internal combustion engines, compressor
CL may compress the charge air to 3-5 bar at 180°C. Cooler 30 may cool the
charge air from about 180°C to 45°C. Compressor Cy may compress the charge
air to 7-8 bar at 180°C and cooler 32 may cool the charge air from about 180°C to
45°C. After combustion, the exhaust gas may have a pressure of about 5 to 6 bar
at a temperature in the range of about 450°C to 500°C. Within turbine pipe
connection 35, the pressure droops to 3-4 bar at a temperature in the range of
about 350°C to 400°C. After turbine T, the temperature at ambient pressure may
be in the range of or below 250°C.
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The above described operation of internal combustion engine 1
may provide power to turn the crankshaft, e.g., to drive a generator.

Referring to piston diameter, number of pistons and piston stroke,
the dimensions of the engine block 10 may be as follows: a length of the engine
block 10 may be in the range of 1.5 to 2.5 times the piston diameter and times the
number of pistons; a width of the engine block 10 may be in the range of 3 to 5
times the piston diameter; and a height of the engine block 10 may be in the range
of 4 to 5 times the piston stroke.

Within engine block 10, compressor connection 34 may extend
along long sides 20A, 20B. Thus, in the case of a medium speed large internal
combustion engine, compressor connection 34 may have a length of several
meters, e.g. 5 m. Compressor connection 34 may be, e.g., a rectangular shaped,
pipe-like conduit having inner dimensions of several tenth of a meter. Generally,
compressor connection 34 may have an inner dimension of about 0.2 to 1 m, e.g.
0.5 m.

Within the charge air system, there may be an inlet for adding an
additive (e.g. water) to the pre-compressed charge air.

Referring to Fig. 1, intake manifold 22 may be provided externally
to engine block 10 and may be made of a sequence of charge air guide elements
23A-231 for guiding charge air from high-pressure stage turbocharger 28 to
cylinder units 16A-161. Charge air guide elements 23a-231 may be formed as a
cast part that is mounted on top of engine block 10 with, e.g., six screws.

As shown in Fig. 3, an exemplary charge air guide element 23
may be configured to have a charge air section 40 and a mounting section 41.
Within charge air section 40, air guide element 23 may comprise an air channel
system having an inlet opening 44A on a first side of the charge air guide
element, a first outlet opening 44B at a second side being opposite to the first

side, thereby providing a fluid connection (first passage 48A) from the first side
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to the second side (specifically, to first outlet opening 44B) in lengthwise
direction 19 when mounted on top side 21.

As shown in Fig. 1, neighbouring charge air guide elements 23A-
231 may be connected via bellows 46, thereby linearly extending the fluid
connections of the sequence of charge air guide elements 23A-231.

Each charge air guide element 23 may further comprise a second
outlet opening 44C that is fluidly connected to first passage 48A from the first
side to the second side, thereby providing a fluid connection (second passage
48B) from the first side to the second outlet 44C. Second outlet opening 44C may
be configured for providing a charge air connection to a charge air inlet of the
respective cylinder unit.

Mounting section 41 of the cast part may provide screw holes for
mounting charge air guide element 23, for example, together with the respective
cylinder unit onto top side 21 of engine block 10.

Mounting section 41 may further be configured as a water ring
part 42 of the respective cylinder unit for cooling the cylinder unit. For example,
water ring part 42 may be configured for guiding coolant (e.g. cooling water) for
cooling the cylinder during operation. Specifically, water ring part 42 may
surround the respective cylinder unit and provide a water path around the cylinder
liner. For that purpose, water ring part 42 may comprise a through hole for having
a cylinder liner passed there through from cylinder head part 17 into engine block
10, wherein in the mounted state, a gap may exist between water ring part 42 and
the cylinder liner.

Mounting section 41 may be moreover the basis for mounting
cylinder head part 17 thereon. Cylinder head part 17 may comprise a first tube-
like extension 17A and a second tube-like extension 17B. First tube-like
extension 17A may form the charge air inlet of the cylinder unit and connect to

second outlet opening 44C of the respective charge air guide element 23. Second
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tube-like extension 17B may form the exhaust gas outlet of cylinder head part 17
and connect to exhaust manifold 24. |

As shown in the schematic perspective view of engine block 10 in
Fig. 4, engine block 10 may be casted to provide an integrated low-pressure
compressor connection 34 for connecting compressors Cr and compressor Ch.

Specifically, compressor connection 34 may extend from low-
pressure side 18L to high-pressure side 18H. Compressor connection 34 may be
integrated in casted engine block 10, which is configured as a one piece cast, e.g.
as a compact nodular cast iron component. Compressor connection 34 may
comprise opening 51L at low-pressure side 18L and opening 51H at high-
pressure side 18H, i.e. at the end faces of engine block 10. Compressor
connection 34 may be adapted for pressures of charge air guided there through in
the range of 3-5 bar. Compressor connection 34 may be fluid tight with the
exception of these openings.

As shown in Fig. 4, compressor connection 34 may not include
charge air outlets at top side 21 of engine block 10, as compressor connection 34
may not function as a charge air manifold that distributes charge air to the various
cylinder units. Instead, compressor connection 34 may provide a direct fluid
connection of turbochargers 26, 28 of the two-stage turbocharged system 12 and
charge air manifold 22 may be arranged downstream of high-pressure stage
turbocharger 28. Thus, there may be no fluid connection through top side 21 to
compressor connection 34.

Top side 21 includes primarily piston openings 11A-111 for
cylinder units 16A-161. For example, a cylinder liner may reach from a respective
cylinder head part 17 through a respective mounting section 42 of respective
charge air guide elément 23 and further through the top side 21 into engine block
10. In Fig. 4, six screw holes 13 for mounting the charge air guide elements are
exemplarily indicated for each piston opening 11A-111 on top side 21 of engine
block 10.
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Top side 21 may not include openings for having charge
air being guided there through.

It is noted that piston openings 11A-11I and compressor
connection 34 may be arranged with respect to the cross-section of engine block
such that the pistons may pass by compressor connection 34 and accordingly not
interfere space-wise.

As shown in Fig. 4, compressor connection 34 may be a duct system
integrated into casted engine block 10, which may be configured to withstand a
charge air pressure of at least 3, 4, or 5 bar.

Compressor connection 34 may comprise an air tight side wall
50S connecting the low-pressure side opening 51L and the high-pressure side
opening 51H. Air tight side wall 50S may comprises an opening configured for
mounting a drain valve, e.g. at the bottom side of compressor connection 34 next
to high-pressure side opening 51H.

Thus, air tight side wall 50S may comprise only a single charge air
inlet opening and a single charge air outlet opening and air tight side wall 508
does not comprise a charge air outlet opening for each of the cylinder units, in
particular not for each of the cylinder units.

Top side 21 of engine block 10 may comprise at least one series of
piston openings 11A-111 linearly arranged in the direction from first end side 18L
to second end side 18H.

To manufacture engine block 10 for an internal combustion engine
1, one may cast engine block 10, e.g. grey cast with using sand as a mold
material. During casting, compressor connection 34 may be formed within engine
block 10 to have low-pressure side opening 51L at first end side 18L for having
charge air entered and high-pressure side opening 51H at second end side 18H for
having charge air discharged.

During casting, air tight side wall 50S may be formed to connect

low-pressure side opening 51L and high-pressure side opening 51 H.
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As can be seen in Fig. 1, external pipe work for, e.g., high-
pressure components such as mixing pipe 29, intake manifold 22, and/or exhaust
manifold 24 may be mounted external to engine block 10, which may have the ]
advantage to allow easy replacement of those high-pressure components.

Fig. 5 shows a schematic flow diagram of an exemplary charge air
system. From compressor C, which may suck in charge air from the outside,
charge air may pass cooler 30 and compressor connection 34 before being further
compressed by compressor Cy. From compressor Cy, charge air may pass cooler
32 and mixing pipe 29 before being distributed by intake manifold 22 to the
cylinder units. Intake manifold 22 may be composed of charge air guide elements
23. Specifically, charge air guide elements 23 may be connected to respective
charge air inlets 17A of cylinder head parts of cylinder units 16A-161.

Mixing pipe 29 may be fluidly connected via a valve (not shown)
with fluid connection 36 for connecting the charge air system with the exhaust
gas system. Thereby, exhaust gas may be mixed with charge air in a controlled
manner before being distributed to the combustion chambers via inlet manifold
22.

The above new disclosed configuration of a two-stage
turbocharged system may be applied in a similar manner to internal combustion
engines in V-configuration. Fig. 6 shows exemplarily an internal combustion
engine 100 with two cylinder banks 105. While one of the cylinder banks can be
seen in Fig. 6, the cylinder bank, which may be mirrored with respect to a vertical
central plane of an engine block 110 is hidden by tubes of the exhaust system.

The general configuration and operation of internal combustion
engine 100 is besides the V-configuration similar to the above described
configuration of internal combustion engine 10 having a linear configuration.

The embodiment shown in Fig. 6 may further include for each of
cylinder banks 105 a two-staged turbocharged system 120 as discussed above in

connection with Fig. 1 for a linear configuration.
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The top side in case of a V-configuration may include
several sections, e.g. two cylinder sections through which openings for the
cylinder units extend and a middle section connecting the cylinder sections (in
contrast to the linear configuration, which may usually comprise only one section
through which openings for the cylinder units extend.

One or two compressor connections (not shown) may be integrated within
engine block 110 between cylinder banks 105. The compressor connection may
be casted within engine block 110 to guide charge air from the low-pressure
compressor/cooler unit to the high-pressure compressor/cooler unit.

Each of cylinder banks 105 may further be provided with a charge
air manifold 122 and an exhaust gas manifold 124. From the high-pressure
compressor/cooler unit, the charge air may be guided to charge air manifolds 122.
Similar to the linear configuration discussed in Fig. 1, a sequence of charge air
guide elements 123 may guide the charge air to respective charge air inlets of
cylinder heads 117.

A common turbine pipe connection 135 (or two separated turbine
pipe connections) may connect the four turbines of the two two-stage
turbocharged systems 112.

As shown in Fig. 7, bellows 146 may connect neighbouring charge
air inlet openings and charge air outlet openings of neighbouring charge air guide
element 123.

A further aspect of the new configuration relates to the mixing
pipe for EGR. The mixing pipe described below in connection with Fig. 8§ may in
particular be used in combination with the herein disclosed two-stage
turbocharged engines but may also be used for mixing charge air and exhaust gas
in different types of medium speed internal combustion engines.

Both of the linear configurations shown in Fig. 1 and the V-

configuration shown in Fig. 6 may be used together with a specifically shaped
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mixing pipe that allows EGR in a simple manner within the charge air system,
specifically after the high-pressure compressor and the inlet manifold.

Fig. 8 shows exemplarily mixing pipe 29 of Fig. 1. Mixing pipe 29
may have a specific design that may allow implementing EGR despite the rather
short available stream length for achieving an acceptable rate of mixing of the
exhaust gas and the charge air. The mixing may, for example, be acceptable if it
provides essentially similar mixing conditions for all cylinder units.

Referring to the piston diameter, mixing pipe 29. may have a
diameter of 40%-80% of the piston diameter and a length of about 2 to 6 times
the piston diameter. Thus, for 0.2 m to 0.6 m pistons, the length may be in the
range from about 0.4 m to 3.6 m, e.g. at least about 0.5 m, I m, 1.5m, or 2 m.

Referring to Fig. 8 and Fig. 1, mixing pipe 29 may have a first
opening 70 for fluidly connecting mixing pipe 29 to a high-pressure component,
e.g. cooler 32 of the two-stage turbocharged system 12, a second opening 72 for
fluidly connecting mixing pipe 29 to a connecting port of inlet manifold 22, and
an exhaust gas inlet port 74 for supplying exhaust gas into the mixing pipe.
Exhaust gas inlet port 74 may be configured for providing a fluid connection to
the exhaust gas system of the internal combustion engine.

Mixing pipe 29 may be configured to have at least one sharp bend
between the first opening 70 and the second opening 72. The sharp bend may be
configured to cause, during operation of the internal combustion engine 1, a
turbulent stream within mixing pipe 29 to perform.a mixing of exhaust gas and
charge air. For example, the at least one sharp bend may be a bend of at least 70°,
75°, 80°, 85°, 90°, 95°, 100°, or 110°.

As shown in Fig. 8, mixing pipe 29 may be designed to have a
first section 76A having a length in the range of 10 % of the length of mixing
pipe 29. First section 76 A may include exhaust gas inlet port 74. Mixing pipe 29
may be designed further to have a first sharp bend 50A of about 90°, a second
section 76B, e.g., having a length in the range of 70 % of the length of mixing
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pipe 29, a second bend 50B of at least 70°, a third section 70C having a length in
the range of 20% of the length of mixing pipe 29, a third bend 50C of at least 70°.
The bending angles are measured from the deviation of the bent section from a
linear direction (i.e. a linear pipe had a bending angle of 0°).

The lengths of the various sections may vary for the various
engine types and sizes.

Exhaust gas inlet port 74 may be positioned close to the first
opening 70 upstream of the first sharp bend 50A. For example, exhaust gas inlet
port 74 may be arranged downstream of the first opening S0A at a distance of not
more than 0.1, 0.2, 0.3, 0.4 or 0.5 m.

In the configurations of Figs. 1 and 6, a flange defining the first
opening 70 may be arranged to be orthogonal to a flange defining the second
opening 72. Also the orientation may vary for the various engine types and sizes.

In summary, to achieve the mixing of charge air and exhaust
despite the limited length of mixing pipe 29, mixing pipe 29 may have at least
one sharp bend 50A-50C that may enforce a turbulent stream within mixing pipe
29. In addition, to provide a mixing path of maximal length under the restricted
conditions, exhaust gas inlet port 74 and the first sharp bend downstream of
exhaust gas inlet port 74 may be located close to first opening 70. As shown in
Figs. 1 and 8, exhaust gas may be supplied to the mixing pipe close to the
connection of mixing pipe 29 and cooler 32, e.g., via two separate openings.

In the embodiment shown in Fig. 6, for each of cylinder banks
105, three sharp bends 150A, 150B, 150C may be provided. In flow direction of
charge air, first sharp bend 150A may be positioned directly after an inlet opening
152 of a mixing pipe 129. At least one of sharp bends 150A, 150B, 150C may be
a bend of at least 70°, 75°, 80°, 85°, 90°, 95°, 100°, or 110°.

During operation, mixing pipes 29, 129 may become damaged due
to corrosive effects caused by the added exhaust in the high pressure

environment. As mixing pipes may be accessible from the long sides, a
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replacement of the damaged mixing pipe may easily be performed when

servicing the engine.

Industrial Applicability

Herein, the term “internal combustion engine” may refer to
internal combustion engines which may be used as main or auxiliary engines of
stationary power providing systems such as power plants for production of heat
and/or electricity as well as in ships/vessels such as cruiser liners, cargo ships,
container ships, and tankers. Fuels for internal combustion engines may include
diesel oil, marine diesel oil, heavy fuel oil, alternative fuels or a mixture thereof,
and natural gas.

In addition, the term “internal combustion engine” as used herein
is not specifically restricted and comprises any engine, in which the combustion
of a fuel occurs with an oxidizer to produce high temperature and pressure gases,
which are directly applied to a movable component of the engine, such as pistons
or turbine blades, and move it over a distance thereby generating mechanical
energy. Thus, as used herein, the term “internal combustion engine” comprises
piston engines and turbines.

Examples of internal combustion engines for the herein disclosed
configuration of a two-stage turbocharged system include medium speed internal
combustion diesel engines, like inline and V-type engines of the series M20,
M25, M32, M43 manufactured by Caterpillar Motoren GmbH & Co. KG, Kiel,
Germany, operated in a range of 500 to 1000 rpm.

Medium speed internal combustion engines may be large stand-
alone engines that therefore provide reasonable access to the end sides of the
engine block.

Herein a fluid connection generally may correspond to a
component providing a fluid connection, e.g., via an internal pathway having at
least two openings connected by a side wall, such as e.g. a pipe. Components

providing fluid pathways of the charge air system and the exhaust gas system
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may be connected with each other, for example, by flange connections as
in_dilcated in some of the figures.

Although the preferred embodiments of this invention have been
described herein, improvements and modifications may be incorporated without

departing from the scope of the following claims
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Claims

1. A charge air guide element (23) for an internal combustion
engine (1, 100), the charge air guide element (23) comprising:
a mounting section (41) comprising a through hole (42) configured
as a passage for a cylinder unit (16A-16I) of the internal combustion engine (1,
100) in a mounted state of the charge air guide element; and
a charge air guide section (40) defining
a first passage (48A) extending from an inlet opening
(44A) on a first side of the charge air guide section (40) to a first outlet opening
(44B) at a second side of the charge air guide section (40), and
a second passage (48B) fluidly connecting a second outlet
opening (44C) with the first passage and the second outlet opening (44C) is
configured for providing a fluid connection from the inlet opening (44A) to a

charge air inlet of the cylinder unit (16A-16I) in the mounted state.

2. The charge air guide element (23) of claim 1, wherein the

charge air guide element (23) is an integral cast part.

3. The charge air guide element (23) of claim 1 or 2, wherein
a direction of the first passage (48A) from the first side to the second side is
essentially oriented orthogonally to the direction of the through hole (42) of the

mounting section (41).
4. The charge air guide element (23) of any one of claims 1-
3, wherein the mounting section (41) is configured as a water ring for guiding a

coolant for cooling the cylinder unit (16A-16I) in the mounted state.

5. An internal combustion engine (1, 100) comprising:
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a one-piece cast engine block (10, 110) with a top side (21), a first
end side (18L), and a second end side (18H), the second end side (18H) opposing
the first end side (18H);

a two-stage turbocharged system (12, 112) comprising a low-
pressure turbocharger (26) with a low-pressure compressor (Cp) and a high-
pressure turbocharger (28) with a high-pressure compressor (Cy) mounted at the
first end side (18L) and the second end side (18H), respectively;

a plurality of cylinder units (16A-161) mounted at the top side (21)
and reaching into the engine block (10, 110); and

a charge air system comprising

a compressor connection (34) being integrated in the one-
piece cast engine block (10, 110) for connecting the low-pressure compressor
(CL) and the high-pressure compressor (Cy) of the two-stage turbocharged system
(12, 112), and

an inlet manifold (22, 122) for distributing charge air to
each of the plurality of cylinder units (16A-16I), wherein the inlet manifold (22,
122) comprises a plurality of charge air guide elements (23A-231) according to
any one of claims 1-4 and each charge air guide element (23A-23]) includes a

mounting section (41) and a charge air guide section (40).

6. The internal combustion engine (1, 100) of claim 5,
wherein the plurality of charge air guide elements (23A-231) is configured to
provide a fluid connection from an exit of the high-pressure compressor (Cy) to

each of the cylinder units (16A-16I).

7. The internal combustion engine (1, 100) of claim 5 or 6,
wherein the mounting section (41) of each of the plurality of charge air guide

elements (23A-231) is mounted at the top side (21) of the engine block (10, 110)
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and each of the plurality of cylinder units (16A-16I) comprises a cylinder head

part (17) mounted to the respective mounting section (41).

8. The internal combustion engine (1, 100) of claim 7,
wherein the second outlet opening (44C) of each of the plurality of charge air
guide elements (23A-23]) is connected to a charge air inlet (17A) of the
respective cylinder head part (17).

9. The internal combustion engine (1, 100) of any one of
claims 5-8, wherein neighboring charge air guide elements of the plurality of
charge air guide elements (23A-231) are fluidly connected via a conduct, e.g., via

a bellow (46, 246).

10. The internal combustion engine (1, 100) of any one of
claims 5-9, wherein the low-pressure compressor (Cp) is configured for pre-
compressing charge air during operation of the turbocharged internal combustion
engine (1) and the low-pressure stage tur_bocharger (26) comprises further a low-
pressure turbine (T(), and,

the high-pressure compressor (Cp) is configured for compressing
the pre-compressed charge air during-operation of the internal combustion engine
(1) and the high-pressure stage turbocharger (28) further comprises a high-
pressure turbine (Ty); and

the two-stage turbocharged system (12, 112) further comprises a
turbine pipe connection (35) fluidly connecting the low-pressure turbine (T.) and

the high-pressure turbine (Th).

11. The internal combustion engine (1, 100) of claim 10,

wherein the turbine pipe connection (35) and/or the compressor connection (34)
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extend substantially from the first end side (18L) to the second end side (18H) of
the one-piece cast engine block (10, 110).

12. The internal combustion engine (1, 100) of any one of
claims 5-11, further comprising an exhaust gas system, which comprises

an exhaust manifold (24) fluidly connecting exhaust outlets of the
plurality of cylinder units (16A-16F) with an inlet of the high-pressure turbine
(TH), and

the turbine pipe connection (35).

13. The internal combustion engine (1, 100) of claim 12,
wherein the charge air system further comprises a mixing pipe (29) for mixing
the charge air with exhaust gas, and the internal combustion engine (1) further
comprises a fluid connection (36) connecting the exhaust gas system with the
mixing pipe (29), and, for example, a control valve arranged within the valve
connection (36) configured to control the amount of exhaust gas mixed with the

charge air.

14. The internal combustion engine (1, 100) of claim 13,
wherein the mixing pipe (29) fluidly connects the outlet of the high-pressure
compressor (Cy) with an inlet opening of a first high-pressure charge air guide

element of the plurality of high-pressure charge air guide elements (23A-23I).

15. A method for replacing a charge air guide element (23A-
231) of any one of claims 1-4 in an internal combustion engine according to any
one of claims 5-14, the method comprising:

disconnecting the charge air guide element (23A-231) of the
plurality of charge air guide elements (23A-231) that form an inlet manifold (22,
122); and
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replacing the charge air guide element (23A-23I) by a new charge
air guide element (23A-23I).
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