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ABSTRACT

The present invention relates to a device (1) and method for cleaning of crankcase
gas being produced in a crankcase (2) during operation of an internal combustion
engine (3). The device (1) comprises a centrifugal separator (4) having a housing (5)
and a separation chamber (6a) in which a centrifugal rotor (6b) is arranged for
cleaning of said crankcase gas. The separator (4) is connected to a gas inlet (7) for
conducting crankcase gas from the crankcase (2) to the centrifugal separator (4) and

a gas outlet (9) for conducting the cleaned gas from the separator (4).
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A DEVICE AND METHOD FOR CLEANING CRANKCASE GAS

FIELD OF THE INVENTION

The present invention relates to a device for cleaning of crankcase gas being
produced during operation of an internal combustion engine, said device
comprising a centrifugal separator comprising a housing delimiting a separation
chamber In which a centrifugal rotor I1s arranged for cleaning of said crankcase
gas, wherein the centrifugal separator I1s connected to a gas inlet for conducting a
flow of crankcase gas from the crankcase to the centrifugal separator and a gas
outlet for conducting the flow of gas from the centrifugal separator. A motor Is
arranged for the rotation of the centrifugal rotor, the motor being arranged with
control equipment for changing the rotational speed of the motor and thereby of
the centrifugal rotor. The device further comprises a sensor for detection of a
parameter, the magnitude of which Is related to a gas pressure In the crankcase,
the sensor being arranged to communicate with the control equipment of the

motor.

BACKGROUND OF THE INVENTION

One problem in connection with cleaning of crankcase gases in this manner is to
maintain a desired gas pressure In the crankcase. A solution to this problem is
disclosed In EP1532353 B1 which describes the Initially defined device in which
the centrifugal rotor Is arranged by its rotation to suck crankcase gas from the
crankcase to the centrifugal separator, wherein the control equipment Is arranged
to change the rotational speed of the centrifugal rotor in response to a sensed
change of said parameter in a way such that the gas pressure In the crankcase Is
maintained at a predetermined value, or at a predetermined pressure interval,
during the operation of the combustion engine. Accordingly, the known device
maintains a desired gas pressure within the crankcase by changing the rotational
speed of the centrifugal rotor. However, reducing the rotational speed of the

centrifugal rotor will also reduce the separating efficiency of the centrifugal rotor.
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SUMMARY OF THE INVENTION

A malin object of the Invention Is to provide a device and method for maintaining
both a desired gas pressure In the crankcase and a separating efficiency of a

centrifugal separator.

This object is achieved by the Initially defined device which Is characterized in that
the control equipment Is operatively connected to a valve which 1s arranged to
adjust the flow of gas through the centrifugal separator, wherein the control
equipment I1s arranged to change the position of the valve In response to a
detected change of said parameter in a way such that the gas pressure In the
crankcase Is maintained at a predetermined value, or at a predetermined pressure

Interval, during operation of the combustion engine.

Consequently, the desired gas pressure in the crankcase is controlled by the
position of the valve, whereby the rotational speed of the centrifugal rotor and
thereby the separating efficiency of the centrifugal separator may be maintained. If
the sensed parameter indicates an increased gas pressure In the crankcase, the
control equipment simply changes the position of the valve to a more open
position and vice versa. The flow of gas may be adjusted with the valve placed In
the gas inlet or the gas outlet of the device. In the gas outlet almost all of the
contaminants have been separated from the gas by the downstream located
centrifugal rotor. Hence, the gas outlet would preferably be chosen If the valve for

example requires a clean environment to work properly.

Furthermore, the present invention does not rule out the possibility of also
changing the rotational speed of the centrifugal rotor to control the gas pressure In
the crankcase, 1.e. maintaining the gas pressure In the crankcase by changing
both the position of the valve and the rotational speed of the centrifugal rotor. In
fact, according to an embodiment of the invention, the control equipment is

arranged to change both the position of the valve and the rotational speed of the
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centrifugal rotor in a way such that the gas pressure Iin the crankcase IS
maintained at the predetermined value, or at the predetermined pressure interval,
during the operation of the combustion engine. Hence, this provides versatility,
both In the combined ways of maintaining the desired gas pressure and in the

possibility of changing the separating efficiency.

In a further embodiment of the invention the control equipment Is arranged to
prioritize the change of the valve position instead of changing the rotational speed
of the centrifugal rotor to maintain the gas pressure in the crankcase during
operation of the combustion engine. It Is advantageous to keep high speed
rotation of the centrifugal rotor, so that a high separating efficiency Is achieved.
Accordingly, the gas pressure In the crankcase Is primarily maintained during
‘normal” operating conditions of the combustion engine by changing the valve
position only. In special operating conditions it would however also change the
centrifugal rotor speed in order to maintain the gas pressure. For instance, such a
specilal operating condition may occur during exceptionally high loads and/or
speeds of the combustion engine. This yields great amounts of blow-by or
crankcase gas which In turn increases the gas pressure significantly. In these
special situations it may not be enough to simply change valve position to control
the gas pressure. Another special operating condition may for instance arise
during an engine start up and/or shut down procedure at which the rotational

speed of the centrifugal rotor could also be adapted to maintain the gas pressure.

Hence, during extreme operational states of the combustion engine, it may not be
possible to maintain the desired gas pressure by simply changing the position of
the valve. In an embodiment of the invention the centrifugal rotor Is arranged by its
rotation to suck crankcase gas from the crankcase to the centrifugal separator. If
the sensed parameter indicates a drastic increase In gas pressure, It could be
necessary to change the valve position to a completely open position, and further
Increase the rotational speed of the centrifugal rotor to maintain the desired gas
pressure In the crankcase. Increasing the rotational speed will furthermore
INcrease the separating efficiency or capacity of the centrifugal separator to clean

the Increased amount of crankcase gas in the crankcase.
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In other cases, the circumstances may put higher or lower demands on the
separating efficiency of the centrifugal separator, wherein the rotational speed of
the centrifugal rotor could be changed. For example, onboard a vehicle the
available power is limited, wherein the distribution of power to critical sub-units of
the vehicle will be prioritized. In such a case, the power consumption of the
centrifugal separator may be reduced by decreasing the rotational speed of the
centrifugal rotor. However, this will also reduce the separating efficiency and the
pumping action of the centrifugal rotor, making it necessary to adjust the valve

position In order to maintain the desired gas pressure In the crankcase.

In a further embodiment of the invention the centrifugal rotor comprises a plurality
of separation discs. The rotor would hereby preferably include a stack of truncated
conical separation discs. At present this constitutes one of the most efficient
crankcase gas separators, I.e. the centrifugal rotor having the so called conical
disc stack for cleaning the crankcase gas. This centrifugal rotor may provide a
significant pumping effect. A centrifugal separator designed for large-sized
engines In for instance power plants, diesel powered locomotives or ships could
orovide a pumping effect of about 700 m*/h at a centrifugal rotor speed of 7 100
rom If the valve Is In a completely open state. In order to achieve as high
separating efficiency as possible it is desirable to let this centrifugal rotor run at
such high speeds at all times. By using the valve adjustment in combination with
the separation discs of the centrifugal rotor rotating at such (constant) high speed,
It IS possible to achieve an extremely efficient separation, while the gas pressure Is
maintained by changing the valve position. The separating efficiency Is even
Increased If the centrifugal rotor speed Is maintained and the valve position Is
changed towards the closed position when compensating for reduced amounts of
generated crankcase gas. The separating efficiency Is iIncreased because a
reduced flow of crankcase gas Is conducted through the centrifugal separator,

while the centrifugal rotor Is spinning at the same high speed.

In connection with this, the centrifugal separator may be arranged as a so called

counter-current separator or concurrent separator. In general terms the centrifugal
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rotor will also work as a kind of centrifugal pump or fan. In counter-current separation,

the crankcase gas is conducted into the centrifugal rotor from outside the periphery of
the rotor towards a central part of the rotor. In this type of separator, the crankcase
gas must be forced (by external pressure means) through the separator against the
5 pumping action of the rotor. By increasing the rotational speed of the rotor, the
pumping action or counter pressure of the rotor is increased, whereby an increased
pressure In the crankcase is achieved and vice versa. However, in concurrent
separation, the crankcase gas is conducted into the central part of the rotor and
towards the outside periphery of the rotor. In this type of separator, the rotor pumps
10 crankcase gas through the centrifugal separator. Hence, the centrifugal rotor is
arranged by its rotation to suck crankcase gas from the crankcase to the centrifugal
separator. By increasing the rotational speed of the rotor, the pumping action of the

rotor increases, thereby decreasing the pressure in the crankcase and vice versa.

15 According to another embodiment of the invention the motor is an electrical motor
with control equipment in the form of a variable frequency drive or VFD having an in-
bullt regulator which is operatively connected to the valve. This provides a simple
and effective way to control the pressure by using the VFD with its in-built regulator
(e.g. a PID-regulator for controlling of the rotational speed of the rotor), to also adjust

20  the gas pressure by changing the position of the valve.

According to yet another embodiment of the invention the control equipment includes

a programmable logic controller or PLC. This PLC could be arranged with an input
device for setting desired operational parameters of the device, such as the lower

25 and upper limits of the desired pressure interval in the crankcase or lower and upper
limits of the rotational speed of the centrifugal rotor or different modes of control (e.g.
a mode of gas pressure control by only changing the valve position or by the

combination of also changing the rotational speed of the centrifugal rotor).

30 The present invention also relates to a method for cleaning crankcase gas.
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The present invention also relates to a use of the device for cleaning of crankcase
gas from an internal combustion engine of a vehicle (such as a truck, a ship or a

locomotive) or an internal combustion engine of a power plant.

BREIF DESCRIPTION OF THE DRAWINGS

The invention will be further explained by a description of various embodiments In

the following with reference to the accompanying drawings.

Fig. 1 shows a schematic representation of a device according to a first
embodiment of the invention.

Fig. 2 shows a schematic representation of a device according to a second
embodiment of the invention.

Fig. 3 shows a schematic representation of a device according to a third

embodiment of the invention.

DETAILED DESCRIPTION OF VARIOUS EMBODIMENTS

Fig. 1 discloses a first embodiment of a device 1 for cleaning of crankcase gas
being produced In a crankcase 2 during operation of an internal combustion
engine 3. The combustion engine 3 could for example be a diesels engine
onboard a locomotive or a truck. The device 1 includes a centrifugal separator 4
with a housing 5 delimiting a separation chamber 6a wherein a centrifugal rotor 6b
IS arranged for cleaning of said crankcase gas and arranged by Its rotation to suck
crankcase gas from the crankcase 2 to the centrifugal separator 4. Such a
centrifugal separator which 1s arranged to suck or pump crankcase gas from the
crankcase is described in more detail in for example EP 1532353 B1 and/or WO
2010/008342 A1. The housing 5 of the centrifugal separator 4 i1s connected to the
crankcase 2 via a gas Inlet 7 in the form of a conduit arranged between the
centrifugal separator 4 and the crankcase 2. This gas inlet 7 Is configured to

conduct the crankcase gas to a central inlet chamber (not shown) formed In a
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center of the centrifugal rotor 6. The rotor 6 comprises a stack of truncated conical
separation discs 8 arranged to bring the crankcase gas into rotation, whereby
centrifugal forces will separate the contaminants from the crankcase gas. The
housing 5 Is provided with a gas outlet 9 In the form of a conduit for conducting the
cleaned gas from the centrifugal separator 4. The gas outlet 9 I1s arranged to
communicate with the separation chamber 6a which surrounds the centrifugal
rotor 6b. This gas outlet 9 could be connected to an air inlet (not shown) of the
Internal combustion engine 3, whereby the cleaned gas Is circulated back to the
engine 3, or so-called closed crankcase ventilation (CCV). Alternatively, the gas
outlet 9 could be arranged as an open outlet, whereby the gas outlet discharges

the cleaned gases into the surrounding environment, or so-called open crankcase
ventilation (OCV).

An electrical motor 10 1s arranged for the rotation of the centrifugal rotor 6b. The
motor 10 I1s mounted to the outside of the housing 5, wherein the centrifugal rotor
6b comprises a rotor spindle 11 which Is drivingly connected to the motor 10. The
electrical motor 10 includes control equipment 12 in the form of a variable
frequency drive VFD for changing the rotational speed of the electrical motor 10
and thereby of the centrifugal rotor 6a. In Fig. 1 the motor 10 and control
equipment 12 or VFD are shown as separate parts, but they could of course be
Integrated Into a single unit, wherein the control equipment 12 or VFD Is integrated
with the electrical motor 10. In the embodiment shown, the VFD i1s not arranged to
change the rotational speed of the centrifugal rotor 6a during operation of the
combustion engine 3. Accordingly, Fig. 1 1s depicted with no communication
between the motor 10 and the control equipment 12 or VFD. Although the control
equipment 12 of the motor is not used to actively change the rotor speed during
operation of the combustion engine 3, a fixed desired rotational speed may still be
set, e.g. by an operator, depending on a desired level of separating efficiency,

power consumption, rotor suction power etc.

A pressure sensor 13 Is arranged to detect a gas pressure In the crankcase, the
sensor being arranged to communicate with the control equipment 12 or VFD. This

pressure sensor 13 provides a direct measurement of the generated amount of
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crankcase gas, 1.e. there Is a direct relationship between the gas pressure and the
amount of crankcase gas being produced per unit of time In the crankcase.
However, said parameter could also be calculated or measured indirectly by using
other sensors, such as an engine speed sensor, a vehicle speed sensor, an
engine torque sensor, a throttle position sensor or any combination of these
sensors. On a modern vehicle there is usually a computer network which is
connected to many different sensors placed In different parts of the vehicle. If the
control equipment 12 or VFD Is connected to such a computer network, it does not
have to be particularly complicated to treat signals coming from different sensors
on the vehicle to calculate or indirectly measure the gas pressure In the crankcase

or the amount of crankcase gas being produced per unit of time In the crankcase.

As can be seen, the control equipment 12 or VFD Is operatively connected to an
actuator 14 of a valve 15 which 1s arranged for adjusting or controlling the flow of
gas In the gas Inlet 7 of the centrifugal separator 4. In this embodiment, the valve
15 18 a butterfly valve arranged in the conduit of the gas inlet 7. The control
equipment 12 or VFD Is arranged with a regulator, e.g. a PID-regulator, arranged
to provide a control of the speed of the electrical motor 10. However, In this
embodiment, the regulator 1s utilized to change the position of the butterfly valve
15 In response to a detected change of crankcase gas pressure. The valve
position Is changed In a way such that the gas pressure Iin the crankcase 2 Is
maintained at a predetermined value, or at a predetermined pressure interval,
during operation of the combustion engine 3. For example, If the pressure sensor
13 detects a decrease In the gas pressure of the crankcase, the control equipment
12 or more specifically the regulator of the VFD sends a control signal to the
actuator 14 to change the position of the valve 15 towards a more closed position,
whereby the gas pressure In the crankcase 2 Is increased or rather maintained at

the desired gas pressure or at the desired gas pressure interval.

Fig. 2 discloses a second embodiment of the device 1. It should be noted that
corresponding parts of the different embodiments has been given corresponding
reference signs. In this second embodiment the control equipment 12 Is arranged

to change both the position of the valve 15 and the rotational speed of the
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centrifugal rotor 6b In a way such that the gas pressure in the crankcase 2 Is
maintained at the predetermined value, or at the predetermined pressure interval,
during operation of the combustion engine 3. Accordingly, the difference between
this embodiment and the first embodiment is that the rotational speed of the
centrifugal rotor Is also utilized to control the gas pressure In the crankcase. In this
embodiment, the control equipment 12 may be programmed with different modes
of control. In this case the control equipment 12 Is programmed to prioritize the
change of the valve position instead of changing the rotational speed of the
centrifugal rotor 6b In order to maintain the gas pressure In the crankcase 2 during
operation of the combustion engine 3. By keeping a (constant) high speed rotation
of the centrifugal rotor 6b, a high separating efficiency Is achieved. The gas
pressure In the crankcase 2 may hereby be maintained during "‘normal” operating
conditions of the combustion engine 3 by simply changing the valve position. In
special operating conditions the control equipment 12 would however also change
the centrifugal rotor speed. The control equipment 12 1s hereby programmed to
also handle these special operating conditions which may for instance occur
during exceptionally high loads and/or speeds of the combustion engine. Abnormal
amounts of blow-by or crankcase gas may thereby be generated which in turn
INcreases the gas pressure significantly. In these special situations it may not be
enough to simply change valve position to control the gas pressure. The control
equipment 12 Is furthermore programmed to handle other special operating
conditions during an engine start up and/or shut down procedure at which the
rotational speed of the centrifugal rotor Is adapted to engine speed to maintain the

gas pressure.

For this purpose, the control equipment 12 could also include a programmable
logic controller or PLC. For example, a first mode of control could be a control by
only changing the valve position, a second mode of control could be the
combination of changing the valve position and the rotational speed of the rotor,
and a third mode of control could be the changing of the valve position or the rotor
speed depending on specific operational states of the engine. Said PLC may also
be arranged with an input device for a manual setting or selection of desired

operational parameters of the device 1, such as upper and lower limits of the
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desired gas pressure interval Iin the crankcase 2, the upper and lower limits of the

rotational speed of the centrifugal rotor 6b, and said different modes of control.

Fig. 3 discloses a third embodiment of the device 1. As can be seen, avalve 15 Is
arranged in the gas outlet 9 of the device 1. Consequently, the gas pressure in the
crankcase may also be controlled by changing the position of a valve 15" disposed
downstream of the centrifugal rotor 6b. The control equipment 12 or VED Is
operatively connected to an actuator 14° of the valve 15 which Is arranged for
adjusting or controlling the flow of gas in the gas outlet 9 of the centrifugal
separator 4. Furthermore, as In the first embodiment, the valve 15 Is a butterfly
valve. However, an advantage of this embodiment is that the valve 15 will not be
as contaminated during operation of the combustion engine, since it's placed In
the gas outlet 9. The previous second embodiment could be modified with this
embodiment, 1.e. the second embodiment the valve 15 could be placed in the gas

outlet 9 instead of the gas Inlet 7.

The invention 1s not [Imited to the embodiments disclosed but may be varied and
modified within the scope of the claims set out below. The motor shown Is an
electrical motor, but this could for example be a hydraulic or pneumatic motor with
control equipment for changing the rotational speed of the motor. The butterfly
valve shown could of course also be replaced by any type of valve adapted to

provide a variable throttling of the gas flow through the separator.
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CLAIMS:

1. A device for cleaning of crankcase gas being produced in a crankcase during

operation of an internal combustion engine, said device comprising

10

15

20

25

30

a centrifugal separator comprising a housing delimiting a separation
chamber in which a centrifugal rotor is arranged for cleaning of said
crankcase gas, wherein the rotor comprises a plurality of separation discs
wherein the centrifugal separator is connected to a gas inlet for conducting
a flow of crankcase gas from the crankcase to the centrifugal separator and

a gas outlet for conducting the flow of gas from the centrifugal separator,

a motor which is arranged to rotate the centrifugal rotor, the motor being
arranged with control equipment for changing the rotational speed of the

motor and thereby of the centrifugal rotor,

a sensor for detection of a parameter, the magnitude of which is related to a
gas pressure in the crankcase), the sensor being arranged to communicate

with the control equipment of the motor,

wherein:

the control equipment is operatively connected to a valve which is arranged
for adjusting the flow of gas through the centrifugal separator, wherein the
control equipment is arranged to change the position of the valve In
response to a detected change of said parameter in a way such that the
gas pressure in the crankcase is maintained at a predetermined value, or at

a predetermined pressure interval, during operation of the combustion

engine.

2. The device according to claim 1, in which the valve Is arranged in the gas inlet.
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. The device according to claim 1, in which the valve is arranged in the gas

outlet.

. The device according to any one of the previous claims, in which the control

equipment is arranged to change both the position of the valve and the
rotational speed of the centrifugal rotor in a way such that the gas pressure In

the crankcase is maintained at the predetermined value, or at the

predetermined pressure interval, during operation of the combustion engine.

. The device according to claim 4, in which the control equipment is arranged to

prioritize the change of the valve position instead of changing the rotational
speed of the centrifugal rotor to maintain the gas pressure in the crankcase

during operation of the combustion engine.

. The device according to claim 4 or 5, in which the centrifugal rotor is arranged

by its rotation to suck crankcase gas from the crankcase to the centrifugal

separator.

. The device according to any one of the previous claims, in which the motor Is

an electrical motor with control equipment in the form of a variable frequency

drive (VFD) having an in-built regulator which is operatively connected to the

valve.

. The device according to any one of the previous claims, in which the control

equipment includes a programmable logic controller (PLC).

. The device according to claim 8, in which the programmable logic controller

(PLC) is arranged with an input device for setting desired operational

parameters of the device.
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10.A method for cleaning crankcase gas being produced in a crankcase during

operation of an internal combustion engine, the method comprising:

- rotating a centrifugal rotor of a centrifugal separator in a separation
chamber inside a housing for the cleaning of the crankcase gas, the
centrifugal rotor being rotated by a motor having control equipment for
changing the rotational speed of the motor and thereby of the centrifugal
rotor, a flow of crankcase gas being conducted to the centrifugal separator
through a gas inlet, wherein the rotor comprises a plurality of separation
discs, and further the flow of gas being conducted from the centrifugal

separator through a gas outlet,

- detecting, with a sensor, a parameter, the magnitude of which is related to

a gas pressure in the crankcase, the sensor communicating with the control

equipment of the motor,

- the control equipment communicating with a valve for adjusting the flow of
gas through the centrifugal separator, the control equipment causing the
valve to change position in response to a detected change of said
parameter in a way such that the gas pressure in the crankcase is

maintained at a predetermined value, or at a predetermined pressure

interval, during the operation of the combustion engine.

11. The method according to claim 10 further comprising using the control
equipment to change both the position of the valve and the rotational speed of
the centrifugal rotor in a way such that the gas pressure in the crankcase is
maintained at the predetermined value, or at the predetermined pressure

interval, during the operation of the combustion engine.

12. The method according to claim 11 further comprising using the control

equipment to prioritize the change of the valve position instead of changing the
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rotational speed of the centrifugal rotor to maintain the gas pressure in the

crankcase during operation of the combustion engine.

13. The method according to claim 11 or 12, wherein the centrifugal rotor, during

its rotation, sucks crankcase gas from the crankcase to the centrifugal

separator.

14. The method according to any one of claims 10 — 13 further comprising using a
variable frequency drive (VFD) having an in-built regulator as the control

equipment for an electrical motor, wherein the regulator communicates with the

valve.

15. The method according to any one of claims 10 —13 further comprising using a

programmable logic controller (PLC) with the control equipment.

16. The method according to claim15further comprising the programmable logic
controller (PLC) communicating with an input device for setting desired

operational parameters of the device.

17.Use of the device according to any one of claims 1 — 9 for cleaning of
crankcase gas from an internal combustion engine of a vehicle, such as a

locomotive or a ship.

18. The use of the device according to any one of claims 1 — 9 for cleaning of

crankcase gas from an internal combustion engine of a power plant.
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