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1. 

BLOW-BY GAS VENTILATION DEVICE 

TECHNICAL FIELD 

The present invention relates to a blow-by gas ventilation 5 
device applied to an internal combustion engine having an 
intake passage, in which a forced-induction device, which 
compresses intake air, and a bypass passage, which connects 
a portion at an upstream side and a portion at a downstream 
side of the forced-induction device, are provided. The blow 
by gas ventilation device includes an ejector that operates by 
using intake air flowing through the bypass passage as a 
drive gas to vent blow-by gas generated by the internal 
combustion engine. 

10 

15 

BACKGROUND ART 

In an internal combustion engine, Some of air-fuel mixture 
introduced into a combustion chamber leaks into the crank 
case through the gap between the piston and the cylinder. 
The leaked air-fuel mixture, which is referred to as blow-by 
gas, causes degradation of oil. Therefore, in an internal 
combustion engine installed in a vehicle, ventilation of the 
blow-by gas is performed using the negative pressure of 25 
intake air to draw the blow-by gas inside the crankcase. The 
blow-by gas drawn from the crankcase is incorporated in the 
intake air and the blow-by gas is treated by being combusted 
together with new air-fuel mixture inside the combustion 
chamber. 

In an internal combustion engine provided with a forced 
induction device, such as a turbocharger, the ventilation of 
the blow-by gas using the drawing-in by the intake negative 
pressure cannot be performed during forced induction, at 
which the intake air pressure is positive. Therefore, conven 
tionally, a blow-by gas ventilation device. Such as that 
described in Patent Document 1, has been proposed. The 
blow-by gas ventilation device described in this document 
includes a bypass passage, which connects portions of an 
intake passage at an upstream side and a downstream side of 
a forced-induction device, and an ejector installed in the 
bypass passage. The ejector is a device that draws an intake 
gas using a negative static pressure formed about a jet flow 
of drive gas of which the flow velocity is increased. With this 
conventional blow-by gas ventilation device, the ejector is 
installed so that the intake air flowing through the bypass 
passage operates as the drive gas to draw the blow-by gas 
inside the crankcase. 

In the blow-by gas ventilation device, which includes 
Such an ejector, during forced induction operation of the 
internal combustion engine, the intake air flows through the 
bypass passage due to the internal differential pressure 
between intake passage portions upstream and downstream 
of the forced-induction device. In this process, the ejector 
operates using the intake air flowing through the bypass 
passage as the drive gas to draw the blow-by gas from the 
crankcase. The blow-by gas drawn from the crankcase is 
introduced, together with the intake air flowing through the 
bypass passage, into the portion of the intake passage at the 
upstream side of the forced-induction device. 

30 

35 

40 

45 

50 

55 

60 

PRIOR ART DOCUMENTS 

Patent Documents 
65 

Patent Document 1: Japanese Laid-Open Patent Publication 
No. 2009-29964.5 

2 
SUMMARY OF THE INVENTION 

Problems that the Invention is to Solve 

In the conventional blow-by gas ventilation device, a 
sufficient flow rate of the drive gas supplied to the ejector, 
that is, a Sufficient intake air flow rate in the bypass passage 
must be ensured to perform sufficient ventilation of the 
blow-by gas during the forced induction operation of the 
internal combustion engine. However, when the flow rate of 
the ejector drive gas is increased, the amount of intake air 
supplied to the combustion chamber of the internal com 
bustion engine is decreased correspondingly. Although the 
forced induction ratio of the forced-induction device must 
thus be increased to maintain the output of the internal 
combustion engine, this increases the drive loss of the 
forced-induction device and degrades the fuel efficiency of 
the internal combustion engine. 
An objective of the present invention is to provide a 

blow-by gas ventilation device with which degradation of 
fuel efficiency of the internal combustion engine that accom 
panies the ventilation of blow-by gas can be Suppressed 
favorably while Suppressing degradation of oil due to the 
blow-by gas. 

Means for Solving the Problems 

A blow-by gas ventilation device of the present invention 
is applied to an internal combustion engine having an intake 
passage, in which a forced-induction device, which com 
presses intake air, and a bypass passage, which connects a 
portion at an upstream side and a portion at a downstream 
side of the forced-induction device, are provided in the 
intake passage. The blow-by gas ventilation device includes 
an ejector that operates by using intake air flowing through 
the bypass passage as a drive gas to vent blow-by gas 
generated by the internal combustion engine. 

In Such a blow-by gas ventilation device, the ejector 
operates using, as the drive gas to vent the blow-by gas 
generated in the internal combustion engine, the intake air, 
which flows through the bypass passage due to the differ 
ential pressure between the portions of the intake passage at 
the upstream side and the downstream side of the forced 
induction device. When in order to improve the ventilation 
ability of the blow-by gas ventilation device, the flow rate of 
the drive gas of the ejector, that is, the flow rate of the intake 
air flowing in the bypass passage is increased, the amount of 
intake air supplied to the combustion chamber of the internal 
combustion engine is decreased correspondingly. The forced 
induction ratio of the forced-induction device must thus be 
increased to maintain the output of the internal combustion 
engine. This increases the drive loss of the internal com 
bustion engine spent on driving the forced-induction device 
and degrades the fuel efficiency of the internal combustion 
engine. 

In this respect, a first blow-by gas ventilation device 
according to the present invention is configured such that the 
flow rate of the drive gas is increased in a state where 
degradation of oil due to the blow-by gas tends to progress. 
With this blow-by gas ventilation device, in the state where 
the degradation of oil due to the blow-by gas tends to 
progress, the flow rate of the ejector drive gas is increased 
to improve the blow-by gas ventilation ability. On the other 
hand, in a state where the degradation of oil due to the 
blow-by gas is not likely to progress, the flow rate of the 
ejector drive gas is not increased. Therefore, even while 
Suppressing the degradation of oil due to the blow-by gas, 
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the increase of the ejector drive gas flow rate that is 
accompanied by the degradation of the fuel efficiency of the 
internal combustion engine is Suppressed other than when 
necessary. The degradation of the fuel efficiency of the 
internal combustion engine that accompanies the ventilation 
of the blow-by gas can thus be suppressed favorably while 
Suppressing the degradation of oil due to the blow-by gas. 
A second blow-by gas ventilation device according to the 

present invention is configured Such that flow rate increasing 
control for increasing the flow rate of the drive gas is 
performed when an operation range of the internal combus 
tion engine transitions from a natural aspiration range to a 
forced induction range. When in a state where degradation 
of oil due to the blow-by gas tends to progress, the increment 
of the drive gas flow rate in the flow rate increasing control 
is increased in comparison to that when not in the state. 
When the operation range of the internal combustion engine 
transitions from the natural aspiration range to the forced 
induction range, the blow-by gas ventilation using the intake 
negative pressure cannot be performed. Also, if the forced 
induction device is controlled due to a course of events, the 
differential pressure in the intake passage between the 
upstream side and the downstream side of the forced 
induction device will not increase for a while after the 
transition to the forced induction range, and the blow-by gas 
ventilation using the ejector cannot be performed Sufficiently 
because the flow rate of the intake air flowing through the 
bypass passage, that is, the flow rate of the ejector drive gas 
is Small. The blow-by gas ventilation thus stagnates tempo 
rarily when the transition from the natural aspiration range 
to the forced induction range takes place. Such a stagnation 
period of ventilation when the transition to the forced 
induction range takes place can be cancelled or shortened by 
controlling the forced-induction device to forcibly increase 
the forced induction ratio to increase the intake air flow rate 
in the bypass passage and thus the ejector drive gas flow rate. 
However, if such increase of the forced induction ratio is 
performed needlessly, the degree of degradation of fuel 
efficiency increases. In regard to this point, in the blow-by 
gas ventilation device according to the second aspect, the 
increment of the drive gas flow rate in accordance with the 
transition of the operation range of the internal combustion 
engine from the natural aspiration range to the forced 
induction range is made large in the State where the degra 
dation of oil due to the blow-by gas tends to progress and 
made Small otherwise. Therefore, even while Suppressing 
the degradation of oil due to the blow-by gas, the increase 
of the ejector drive gas flow rate that is accompanied by the 
degradation of the fuel efficiency of the internal combustion 
engine is Suppressed other than when necessary. The deg 
radation of the fuel efficiency of the internal combustion 
engine that accompanies the ventilation of the blow-by gas 
can thus be Suppressed favorably while Suppressing the 
degradation of oil due to the blow-by gas. 

Further, a third blow-by gas ventilation device according 
to the present invention is configured such that the flow rate 
of the drive gas is increased when the internal combustion 
engine is at a low temperature. When the internal combus 
tion engine is at a low temperature, condensation occurs 
inside the crankcase and the water materialized by the 
condensation and the blow-by gas react to form nitric acid 
water. Degradation of the oil inside the crankcase progresses 
due to the nitric acid water. The degradation of oil due to the 
blow-by gas thus tends to progress when the internal com 
bustion engine is at a low temperature. In regard to this 
point, in the blow-by gas ventilation device according to the 
present invention, the drive gas flow rate in the ejector is 
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4 
increased to improve the blow-by gas ventilation ability 
when the internal combustion engine is at a low temperature. 
On the other hand, when the internal combustion engine is 
at a high temperature and a high ventilation ability is not 
strongly required, the flow rate of the ejector drive gas is not 
increased. Therefore, even while Suppressing the degrada 
tion of oil due to the blow-by gas, the increase of the ejector 
drive gas flow rate that is accompanied by the degradation 
of the fuel efficiency of the internal combustion engine is 
Suppressed other than when necessary. The degradation of 
the fuel efficiency of the internal combustion engine that 
accompanies the ventilation of the blow-by gas can thus be 
Suppressed favorably while Suppressing the degradation of 
oil due to the blow-by gas. 
A fourth blow-by gas ventilation device according to the 

present invention is configured Such that flow rate increasing 
control for increasing the flow rate of the drive gas is 
performed when an operation range of the internal combus 
tion engine transitions from a natural aspiration range to a 
forced induction range. When the internal combustion 
engine is at a low temperature, the increment of the drive gas 
flow rate in the flow rate increasing control is increased in 
comparison to that when the internal combustion engine is 
not at a low temperature. With this blow-by gas ventilation 
device, the ejector drive gas flow rate is increased in 
accordance with the transition of the operation range of the 
internal combustion engine from the natural aspiration range 
to the forced induction range. Although, as mentioned 
above, the stagnation of the blow-by gas ventilation that 
occurs when the operation range of the internal combustion 
engine transitions from the natural aspiration range to the 
forced induction range can be suppressed by forcibly 
increasing the ejector drive gas flow rate when the transition 
takes place. Such increase of the ejector drive gas flow rate 
is accompanied by the degradation of the fuel efficiency. On 
the other hand, as mentioned above, when the internal 
combustion is at a low temperature, the degradation of oil 
due to the blow-by gas tends to progress and it is necessary 
to perform ventilation of the blow-by gas inside crankcase 
more actively. 

In regard to this point, in the blow-by gas ventilation 
device according to the fourth aspect, the increment of the 
drive gas flow rate in accordance with the transition to the 
forced induction range is made large when the internal 
combustion engine is at a low temperature and made Small 
otherwise. Therefore, even while Suppressing the degrada 
tion of oil due to the blow-by gas, the increase of the ejector 
drive gas flow rate that is accompanied by the degradation 
of the fuel efficiency of the internal combustion engine is 
Suppressed other than when necessary. The degradation of 
the fuel efficiency of the internal combustion engine that 
accompanies the ventilation of the blow-by gas can thus be 
Suppressed favorably while Suppressing the degradation of 
oil due to the blow-by gas. 
The increase of the drive gas flow rate in the blow-by gas 

ventilation device according to any of the first to fourth 
aspects can be performed, for example, by the following 
modes. 

If the present invention is applied to an internal combus 
tion engine in which the forced-induction device is a turbo 
charger including a waste gate valve that adjusts the flow 
rate of exhaust that bypasses an exhaust turbine, the drive 
gas flow rate can be increased by reducing the opening 
degree of the waste gate valve. 

If the ventilation device of the present invention is to be 
applied to an internal combustion engine that includes an 
assist mechanism that utilizes electricity or compressed air, 
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to assist the forced induction operation, the flow rate of the 
ejector drive gas can be increased by increasing the amount 
of forced induction operation assist by the assist mechanism. 

If the present invention is applied to an internal combus 
tion engine in which the forced-induction device is a vari 
able nozzle turbocharger including a variable nozzle vane 
that adjusts the flow momentum of exhaust blown onto an 
exhaust turbine, the drive gas flow rate can be increased by 
reducing the opening degree of the variable nozzle vane. 
A valve for adjusting the flow rate of intake air flowing 

through the bypass passage can be provided in the bypass 
passage, and the drive gas flow rate can be increased by 
increasing the opening degree of the valve. In this case, by 
arranging Such a temperature sensitive valve, which operates 
in response to the temperature of the internal combustion 
engine, the increase/decrease of the intake airflow rate in the 
bypass passage in accordance with the temperature of the 
internal combustion engine can be performed autonomously 
without control from the exterior. 

The throttle opening of the internal combustion engine is 
preferably reduced when the drive gas flow rate is increased 
in the blow-by gas ventilation device according to any of the 
first to fourth aspects. When the forced induction ratio is 
increased to increase the drive gas flow rate, the amount of 
intake air introduced into the combustion chamber of the 
internal combustion engine is also increased and an unnec 
essary increase of torque occurs. Therefore, by reducing the 
throttle opening of the internal combustion engine in accor 
dance with the increase of the drive gas flow rate, the 
increase of the drive gas flow rate can be performed more 
efficiently while Suppressing unnecessary torque increase. 
On the other hand, the blow-by gas ventilation device 

according to a fifth aspect of the present invention has a 
temperature sensitive valve, the opening degree of which is 
increased when the internal combustion engine is at a low 
temperature, provided in the bypass passage. With this 
blow-by gas ventilation device, when the internal combus 
tion engine is at a low temperature at which the degradation 
of oil due to the blow-by gas tends to progress due to 
condensation of water inside the crankcase, the opening 
degree of the valve provided in the bypass passage increases 
and the intake air flow rate in the bypass passage, that is, the 
ejector drive gas flow rate is increased. The blow-by gas 
ventilation ability is thus improved when the degradation of 
oil due to the blow-by gas tends to progress. On the other 
hand, when the temperature of the internal combustion 
engine is not low and a high ventilation ability is not 
strongly required, the opening degree of the valve provided 
in the bypass passage is not increased and the ejector drive 
gas flow rate is not increased. Therefore, even while Sup 
pressing the degradation of oil due to the blow-by gas, the 
increase of the ejector drive gas flow rate that is accompa 
nied by the degradation of the fuel efficiency of the internal 
combustion engine is suppressed other than when necessary. 
The degradation of the fuel efficiency of the internal com 
bustion engine that accompanies the ventilation of the 
blow-by gas can thus be Suppressed favorably while Sup 
pressing the degradation of oil due to the blow-by gas. 
Moreover, in the present blow-by gas ventilation device, the 
increase? decrease of the drive gas in accordance with the 
temperature of the internal combustion engine can be per 
formed autonomously without control from the exterior. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic diagram of the configuration of a 
blow-by gas ventilation device according to a first embodi 
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6 
ment of the present invention and an internal combustion 
engine to which the device is applied; 

FIG. 2 is a schematic diagram of the configuration of an 
ejector provided in the blow-by gas ventilation device 
according to the same embodiment; 

FIG. 3 is a flowchart of a flow rate increasing control 
process procedure applied in the same embodiment; 

FIG. 4 is a flowchart of a flow rate increasing control 
process procedure applied in a second embodiment of the 
present invention; 

FIG. 5 is a schematic diagram of the configuration of a 
turbocharger with electric assist mechanism of an internal 
combustion engine to which a third embodiment of the 
present invention is applied; 

FIG. 6 is a schematic diagram of the configuration of an 
exhaust turbine of a variable nozzle turbocharger of an 
internal combustion engine to which a fourth embodiment of 
the present invention is applied; 

FIG. 7 is a schematic diagram of the configurations of a 
blow-by gas ventilation device according to a fifth embodi 
ment of the present invention and an internal combustion 
engine to which the device is applied; and 

FIG. 8 is a schematic diagram of the configurations of a 
blow-by gas ventilation device according to a sixth embodi 
ment of the present invention and an internal combustion 
engine to which the device is applied. 

MODES FOR CARRYING OUT THE 
INVENTION 

First Embodiment 

A blow-by gas ventilation device according to a first 
embodiment of the present invention will now be described 
with reference to FIG. 1 to FIG. 3. The blow-by gas 
ventilation device according to the present embodiment is 
applied to an internal combustion engine including a turbo 
charger with waste gate valve as a forced-induction device. 
The configuration of the blow-by gas ventilation device 

according to the present embodiment will first be described 
with reference to FIG. 1. 
As shown in the drawing, an air cleaner 2 for cleaning 

intake air, a compressor 4 of a turbocharger 3, an intercooler 
6 for cooling the intake air, the temperature of which has 
been increased by compression by the compressor 4, and a 
throttle valve 5 for adjusting the intake air flow rate are 
installed in that order from the upstream side in an intake 
passage 1 of an internal combustion engine. The intake 
passage 1 is connected, via an intake manifold 7 that 
distributes the intake air among respective cylinders, to air 
intake ports 9 of the respective cylinders formed in a 
cylinder head 8 of the internal combustion engine. 
On the other hand, an exhaust passage 10 of the internal 

combustion engine is connected, via an exhaust manifold 11 
merging the exhaust from the respective cylinders, to 
exhaust ports 12 of the respective cylinders formed in the 
cylinder head 8. An exhaust turbine 13 of the turbocharger 
3 is provided in the exhaust passage 10. The exhaust turbine 
13 drives the compressor 4 by the blown exhaust to com 
press the intake air. The exhaust turbine 13 is also provided 
with a waste gate valve 13a that adjusts the flow rate of 
exhaust that bypasses the exhaust turbine 13. Further, a 
catalytic converter 14 that purifies the exhaust is provided 
downstream the exhaust turbine 13 in the exhaust passage 
10. 

In the cylinder head 8 and a cylinder block 15 of the 
internal combustion engine, a blow-by gas passage 18 is 
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formed that puts a crankcase 16 and a head cover 17 in 
communication. Also, a first PCV (positive crankcase ven 
tilation) hose 20 is connected via a first PCV valve 19 to the 
head cover 17. The interior of the head cover 17 is put in 
communication with the intake manifold 7 by the first PCV 
hose 20. The crankcase 16 is connected via a fresh air 
introduction passage 39 to a portion of the intake passage 1 
at the upstream side of the compressor 4. 

Further, the blow-by gas ventilation device according to 
the present embodiment is provided with a bypass passage 
21 connecting a portion of the intake passage 1 at the 
downstream side of the compressor 4 and a portion of the 
intake passage 1 at the upstream side of the compressor 4. 
An ejector 22 is located in the bypass passage 21. The 
ejector 22 operates using the intake air flowing through the 
bypass passage 21 as a drive gas to perform ventilation of 
blow-by gas generated in the internal combustion engine. A 
second PCV hose 24 is further connected to the ejector 22. 
A tip end of the second PCV hose 24 is connected via a 
Second PCV valve 23 to the head cover 17. 
The ventilation of blow-by gas in the internal combustion 

engine is controlled by an electronic control unit 31. Detec 
tion results of various sensors detecting the operation state 
of the internal combustion engine, Such as a water tempera 
ture sensor 32 detecting the temperature Tw of cooling water 
of the internal combustion engine, are input into the elec 
tronic control unit 31. The electronic control unit 31 controls 
the first PCV valve 19, the second PCV valve 23, and the 
waste gate valve 13a of the exhaust turbine 13 in accordance 
with the detection results of the sensors to perform blow-by 
gas ventilation in accordance with the engine operation 
State. 

The configuration of the ejector 22 installed in the bypass 
passage 21 will now be described with reference to FIG. 2. 
As shown in the drawing, the ejector 22 includes a Supply 
port 25 that is connected via the bypass passage 21 to a 
portion of the intake passage 1 at the downstream side of the 
intercooler 6. The supply port 25 is provided with a nozzle 
26 that narrows the flow passage area of the supply port 25. 
A tip end of the Supply port 25 opens inside a vacuum 
chamber 27. A discharge port 28, with a diffuser 29 installed 
therein, is provided on an extension of supply port 25 at the 
right side in the drawing of the vacuum chamber 27. The 
discharge port 28 is connected via the bypass passage 21 to 
a portion of the intake passage 1 at the upstream side of the 
compressor 4. Further, a vacuum port 30 is provided at a side 
portion (upper side in the drawing) of the vacuum chamber 
27. The vacuum port 30 is connected via the second PCV 
hose 24 to the interior of the head cover 17 and further to the 
crankcase 16 via the blow-by gas passage 18. 

Further, in the blow-by gas ventilation device according 
to the present embodiment, the electronic control unit 31 
performs control of the flow rate of the drive gas supplied to 
the ejector 22. The control of the drive gas flow rate is 
performed through a process of a drive gas control routine 
shown in FIG. 3. The process of this routine is executed 
repeatedly by the electronic control unit 31 at every prede 
termined control cycle during startup and during operation 
of the internal combustion engine. 
When the process of the routine is started, first, whether 

or not the internal combustion engine is being operated in a 
forced induction range is checked in step S100. According 
to the present embodiment, it is determined that the internal 
combustion engine is being operated in the forced induction 
range when the load factor of the internal combustion engine 
is no less than 100%. If the internal combustion engine is 
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8 
being operated in a natural aspiration range (S100: NO), the 
process of the routine is ended as it is. 
On the other hand, if the internal combustion engine is 

being operated in the forced induction range (S100: YES), 
the process proceeds to step S101. In step S101, it is checked 
whether or not the internal combustion engine is at a low 
temperature. The determination here is made using the 
temperature Tw of the cooling water of the internal com 
bustion engine as an index value of the internal combustion 
engine temperature. If the temperature TW of the cooling 
water is no more than a prescribed determination value C, it 
is determined that the internal combustion engine is at a low 
temperature. The determination value C. is set to the maxi 
mum value of a temperature range in which the progress of 
oil degradation due to condensation inside the crankcase 16 
becomes a problem. 

If the internal combustion engine is not at a low tempera 
ture (S101: NO), the process of the routine is ended as it is. 
On the other hand, if the internal combustion engine is at a 
low temperature (S101: YES), the process proceeds to step 
S102. In step S102, a flow rate increasing control for 
increasing the drive gas flow rate in the ejector 22 is 
performed and then the process of the routine is ended. 

In the present embodiment, the flow rate increasing con 
trol performed in step S102 is performed by reducing the 
opening degree of the waste gate valve 13a. When the 
opening degree of the waste gate valve 13a is reduced, the 
flow rate of the exhaust that bypasses the exhaust turbine 13 
decreases, the flow rate of the exhaust blown onto the 
exhaust turbine 13 increases, and the forced induction ratio 
of the turbocharger 3 thus increases. In general, the opening 
degree of the waste gate valve 13a is set to a value that 
allows the forced induction ratio of the turbocharger 3 to be 
the minimum limit value at which the required torque or 
required output of the internal combustion at that time is 
obtained. By reducing the opening degree of the waste gate 
valve 13a further from such an opening degree, the forced 
induction ratio of the turbocharger 3 is increased, the dif 
ferential pressure between portions in the intake passage 1 at 
the upstream side and the downstream side of the compres 
sor 4 is increased, and the flow rate of the intake air flowing 
through the bypass passage 21, that is, the drive gas flow rate 
in the ejector 22 is thus increased. 

Depending on the increase of the forced induction ratio of 
the turbocharger 3 due to the reduction of the opening degree 
of the waste gate valve 13a in the present process, the 
amount of air introduced into a combustion chamber of the 
internal combustion engine may increase and cause an 
unnecessary torque increase. Therefore, in the present 
embodiment, the opening degree of the throttle valve 5 is 
reduced at the same time as the present reduction of the 
opening degree of the waste gate valve 13a to suppress the 
unnecessary torque increase of the internal combustion 
engine. 
The ventilation operation by the blow-by gas ventilation 

device configured as described above will now be described. 
When the operation range of the internal combustion 

engine is in the natural aspiration range and the intake 
negative pressure is large enough to enable Suction of the 
blow-by gas inside the crankcase 16, the electronic control 
unit 31 opens the first PCV valve 19 and closes the second 
PCV valve 23. The blow-by gas inside the crankcase 16 at 
this time is drawn into the intake passage 1 through the 
blow-by gas passage 18, the head cover 17, and the first PCV 
hose 20 by the negative pressure inside the intake passage 1. 
On the other hand, when the operation range of the 

internal combustion engine is in the forced induction range, 
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the electronic control unit 31 closes the first PCV valve 19 
and opens the second PCV valve 23. When forced induction 
by the turbocharger 3 is performed, the intake air flows 
through the bypass passage 21 from the portion of the intake 
passage 1 at the downstream side of the compressor 4 to the 
portion at the upstream side due to the differential pressure 
between the upstream and downstream of the compressor 4. 
In this process, at the ejector 22 provided in the bypass 
passage 21, the intake air flows from the supply port 25 to 
the discharge port 28 through the vacuum chamber 27. The 
intake air flowing in from the supply port 25 is accelerated 
by being throttled by the nozzle 26 and thereafter proceeds 
toward the entrance of the diffuser 29 through the vacuum 
chamber 27. In the vacuum chamber 27 at this time, a 
negative static pressure is generated by Such a flow of the 
intake air. By this negative static pressure and the Viscosity 
of the intake air, peripheral gas is drawn into a jet flow that 
is jetted into the entrance of the diffuser 29. Consequently, 
the blow-by gas is drawn from inside the crankcase 16 that 
is connected to the vacuum port 30 through the blow-by gas 
passage 18, the head cover 17, and the second PCV hose 24. 
The blow-by gas drawn from inside the crankcase 16 is 
introduced, together with the intake air flowing through the 
bypass passage 21, into the portion of the intake passage 1 
at the upstream side of the compressor 4. 

Therefore, in the blow-by gas ventilation device accord 
ing to the present embodiment, ventilation of the blow-by 
gas is enabled by operation of the ejector 22 even during 
forced induction when the intake air pressure is positive. To 
improve the blow-by gas ventilation ability during such 
forced induction, the flow rate of the drive gas of the ejector 
22, that is, the flow rate of the intake air flowing through the 
bypass passage 21 during the forced induction must be 
increased. However, when the flow rate of the drive gas of 
the ejector 22 is increased, the amount of intake air Supplied 
to the combustion chamber of the internal combustion 
engine decreases correspondingly. The forced induction 
ratio of the turbocharger 3 must thus be increased to main 
tain the output of the internal combustion engine. When the 
forced induction ratio of the turbocharger 3, which performs 
forced induction using the flow momentum of the exhaust 
increases, the exhaust loss of the internal combustion engine 
increases and the fuel efficiency of the internal combustion 
engine degrades. 
On the other hand, when the internal combustion engine 

is at a low temperature, condensation occurs inside the 
crankcase 16 and the water materialized by the condensation 
and the blow-by gas react to form nitric acid water. Degra 
dation of the oil inside the crankcase 16 progresses due to 
the nitric acid water. Ventilation of the blow-by gas inside 
the crankcase 16 must thus be performed more actively 
when the internal combustion engine is at a low temperature. 
On the other hand, when the internal combustion engine is 
at a high temperature, the degradation of oil due to the 
blow-by gas does not progress as much as when the internal 
combustion engine is at a low temperature. The degradation 
of oil due to the blow-by gas can thus be suppressed by 
improving the blow-by gas ventilation ability only when the 
internal combustion engine is at a low temperature. 

In regard to this point, in the blow-by gas ventilation 
device according to the present embodiment, the opening 
degree of the waste gate valve 13a is reduced and the drive 
gas flow rate in the ejector 22 is thereby increased when the 
internal combustion engine is at a low temperature at which 
the degradation of oil due to the blow-by gas tends to 
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10 
progress. The blow-by gas ventilation ability is thus 
improved in this state to suppress the degradation of oil due 
to the blow-by gas. 
On the other hand, when the internal combustion engine 

is at a high temperature at which the degradation of oil due 
to the blow-by gas does not progress as much as when the 
internal combustion engine is at a low temperature, the drive 
gas flow rate in the ejector 22 is not increased. Therefore, 
even while Suppressing the degradation of oil due to the 
blow-by gas, the increase of the drive gas flow rate in the 
ejector 22 that is accompanied by the degradation of the fuel 
efficiency of the internal combustion engine is Suppressed 
other than when necessary. 
The blow-by gas ventilation device according to the 

present embodiment described above provides the following 
advantages. 

(1) According to the present embodiment, the flow rate 
increasing control for increasing the flow rate of the drive 
gas of the ejector 22 is performed when the internal com 
bustion engine is at a low temperature at which the degra 
dation of oil due to the blow-by gas tends to progress. The 
degradation of the fuel efficiency of the internal combustion 
engine that accompanies the ventilation of the blow-by gas 
can thus be Suppressed favorably while Suppressing the 
degradation of oil due to the blow-by gas. 

(2) According to the present embodiment, the flow rate 
increasing control is performed by reducing the opening 
degree of the waste gate valve 13a of the turbocharger 3. The 
drive gas flow rate in the ejector 22 can thus be increased 
without newly adding a mechanism for adjusting the drive 
gas flow rate in the ejector 22. 

(3) According to the present embodiment, the opening 
degree of the throttle valve 5 is reduced when the flow rate 
increasing control is performed. Unnecessary torque 
increase of the internal combustion engine that accompanies 
the increase of the drive gas flow rate in the ejector 22 can 
thus be Suppressed. 

Second Embodiment 

A blow-by gas ventilation device according to a second 
embodiment of the present invention will now be described 
with reference to FIG. 4. In the second embodiment and each 
of the following embodiments, like or the same reference 
numerals are given to those components that are like or the 
same as the corresponding components of the first embodi 
ment and detailed explanations are omitted. 
As mentioned above, the blow-by gas ventilation using 

the intake negative pressure cannot be performed when the 
operation range of the internal combustion engine transitions 
from the natural aspiration range to the forced induction 
range. Also, the forced induction ratio of the turbocharger 3 
does not rise immediately after the start of forced induction. 
Therefore, for a while after the start of forced induction, the 
differential pressure between the portions of the intake 
passage 1 at the upstream and downstream of the compres 
sor 4 does not increase and the intake air flow rate in the 
bypass passage 21, that is, the drive gas flow rate in the 
ejector 22 is also low. Therefore, when the transition from 
the natural aspiration range to the forced induction range 
takes place, the blow-by gas ventilation stagnates temporar 
ily. Therefore, in the present embodiment, a flow rate 
increasing control of forcibly increasing the drive gas flow 
rate in the ejector 22 is performed when the transition from 
the natural aspiration range to the forced induction range 
takes place to Suppress the stagnation of ventilation imme 
diately after the transition to the forced induction range. 
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However, such increase of the drive gas flow rate is 
accompanied by degradation of the fuel efficiency. Signifi 
cant degradation of the fuel efficiency will thus becaused if 
such increase of the drive gas flow rate is performed 
unnecessarily each time the transition from the natural 
aspiration range to the forced induction range takes place. 
Therefore, in the present embodiment, whereas the incre 
ment of the drive gas flow rate by drive gas control is made 
large when the internal combustion engine is at a low 
temperature at which the degradation of oil due to the 
blow-by gas tends to progress, the increment of the drive gas 
flow rate by the flow rate increasing control is made small 
when the internal combustion engine is at a high temperature 
at which the degradation of oil is not much of a problem. The 
degradation of oil due to the blow-by gas is thereby sup 
pressed effectively while Suppressing the degradation of fuel 
efficiency. 

Such increase of the drive gas flow rate is performed 
through a process of a drive gas control routine shown in 
FIG. 4. The process of this routine is executed repeatedly by 
the electronic control unit 31 at every predetermined control 
cycle during startup and operation of the internal combus 
tion engine. 
When the routine is started, first, whether or not the 

transition of the operation range of the internal combustion 
engine from the natural aspiration range to the forced 
induction range is taking place is checked in step S200. If the 
transition to the forced induction range is not taking place 
(S200: NO), the process of the routine is ended as it is. 
On the other hand, if the transition to the forced induction 

range is taking place (S200: YES), the flow rate increasing 
control for increasing the drive gas flow rate in the ejector 
22 is performed in step S201. The drive gas flow rate 
increasing control is performed by reducing the opening 
degree of the waste gate valve 13a in the present embodi 
ment as well. The flow rate increasing control that is started 
here is continued until a Sufficient amount of time elapses 
after the start of forced induction and the drive gas flow rate 
is increased to a level such that a flow rate necessary for 
ventilation will be ensured even when the waste gate valve 
13a is controlled due to a course of events or until the engine 
operation range returns to the natural aspiration range. 
Together with the reduction of the opening degree of the 
waste gate valve 13a in the present process, the opening 
degree of the throttle valve 5 is reduced to maintain the 
torque of the internal combustion engine in the present 
embodiment as well. 

Thereafter, in step S202, it is checked whether or not the 
internal combustion engine is at a low temperature. If the 
internal combustion engine is not at a low temperature 
(S202: NO), the process of the routine is ended as it is. On 
the other hand, if the internal combustion engine is at a low 
temperature (S202: YES), the increment of the drive gas 
flow rate in the ejector 22 in the flow rate increasing control 
is increased. That is, the opening degree of the waste gate 
valve 13a is reduced further. Thereafter, the process of the 
routine is ended. 
The ventilation operation in the forced induction state of 

the blow-by gas ventilation device of the present invention 
when the operation range of the internal combustion engine 
transitions from the natural aspiration range to the forced 
induction range will now be described. 
When the internal combustion engine is being operated in 

the natural aspiration range, the electronic control unit 31 
opens the first PCV valve 19 and closes the second PCV 
valve 23. The blow-by gas inside the crankcase 16 at this 
time is drawn into the intake passage 1 through the blow-by 
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gas passage 18, the head cover 17, and the first PCV hose 20 
by the negative pressure inside the intake passage 1. 
On the other hand, when the operation range of the 

internal combustion engine transitions from the natural 
aspiration range to the forced induction range, the electronic 
control unit 31 closes the first PCV valve 19 and opens the 
second PCV valve 23. If the waste gate valve 13a is 
controlled due to a course of events at this point, the 
differential pressure between the portions of the intake 
passage 1 at the upstream and downstream of the compres 
sor 4 will not increase immediately and a state where the 
intake air flow rate in the bypass passage 21 is low is 
sustained for a while. Therefore, immediately after the 
transition to the forced induction range, a Sufficient drive gas 
flow rate cannot be ensured in the ejector 22 and the blow-by 
gas ventilation stagnates temporarily. 

In regard to this point, in the present embodiment, the 
opening degree of the waste gate valve 13a is reduced when 
Such transition of the operation range of the internal com 
bustion engine from the natural aspiration range to the 
forced induction range takes place and the differential pres 
Sure between portions of the intake passage 1 at the upstream 
and downstream of the compressor 4 is increased from 
immediately after the transition. Therefore, by such a dif 
ferential pressure, the flow rate of the intake air flowing 
through the bypass passage 21, that is, the drive gas flow rate 
in the ejector 22 is increased in accordance with the transi 
tion of the operation range from the natural aspiration range 
to the forced induction range, and the blow-by gas ventila 
tion ability is ensured quickly after the transition to the 
forced induction range. 

Further, in the present embodiment, when the internal 
combustion engine is at a low temperature at which the 
degradation of oil due to the blow-by gas tends to progress, 
the opening degree of the waste gate valve 13a at this point 
is reduced further to thereby increase the increment of the 
drive gas flow rate in the ejector 22 by the flow rate 
increasing control. The blow-by gas ventilation ability at this 
point is thereby improved to Suppress the degradation of oil 
due to the blow-by gas. 
On the other hand, when the internal combustion engine 

is at a high temperature at which the degradation of oil due 
to the blow-by gas does not progress as much as when the 
internal combustion engine is at a low temperature, the 
increment of the drive gas flow rate in the ejector 22 by the 
flow rate increasing control is not increased as much as when 
the internal combustion engine is at a low temperature. 
Therefore, even while Suppressing the degradation of oil due 
to the blow-by gas, the increase of the drive gas flow rate in 
the ejector 22, which is accompanied by the degradation of 
the fuel efficiency of the internal combustion engine, is 
Suppressed other than when necessary. 
The present embodiment described above provides the 

following advantages in addition to the advantages 
described in (2) and (3) above. 

(4) According to the present embodiment, the drive gas 
flow rate in the ejector 22 is increased when the operation 
range of the internal combustion engine transitions from the 
natural aspiration range to the forced induction range, and 
the stagnation of the blow-by gas ventilation that accompa 
nies the transition can thus be Suppressed. 

(5) According to the present embodiment, when the 
internal combustion is at a low temperature at which the 
degradation of oil due to the blow-by gas tends to progress, 
the amount by which the drive gas flow rate in the ejector 22 
is increased when the transition to the forced induction range 
takes place is made greater than that when the internal 
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combustion is at a high temperature. Therefore, even while 
Suppressing the degradation of oil due to the blow-by gas, 
the increase of the drive gas flow rate in the ejector 22, 
which is accompanied by the degradation of the fuel effi 
ciency of the internal combustion engine, is Suppressed 
other than when necessary. The degradation of the fuel 
efficiency of the internal combustion engine that accompa 
nies the ventilation of the blow-by gas can thus be sup 
pressed favorably while Suppressing the degradation of oil 
due to the blow-by gas. 

Third Embodiment 

A blow-by gas ventilation device according to a third 
embodiment of the present invention will now be described 
with reference to FIG. 5. 

In the blow-by gas ventilation device according to each of 
the first and second embodiments applied to an internal 
combustion engine including a turbocharger with a waste 
gate valve 13a, the drive gas flow rate is increased by 
reducing the opening degree of the waste gate valve 13a. On 
the other hand, the blow-by gas ventilation device according 
to the present embodiment is applied to an internal com 
bustion engine employing a turbocharger, which includes an 
assist mechanism that assists the forced induction operation, 
as the forced-induction device. In Such a blow-by gas 
ventilation device, the drive gas flow rate in the ejector 22 
can be increased by increasing the amount of forced induc 
tion operation assist by the assist mechanism. 

According to the present embodiment, a turbocharger 
with electric assist mechanism shown in FIG. 5 is employed 
as the turbocharger with assist mechanism. As shown in the 
drawing, a compressor wheel 33 of the turbocharger is 
coupled to a turbine wheel 35 via a shaft 34. The turbo 
charger is provided with an electric assist mechanism made 
up of a rotor 36 fixed on the shaft 34 and a stator 37 provided 
about the rotor 36. The stator 37 of the electric assist 
mechanism is provided with a coil 38, and an assist drive 
force is applied to the rotor 36 in accordance with the 
energization of the coil 38. 

In the turbocharger with electric assist mechanism, when 
the coil 38 is energized, the assist drive force generated by 
the energization of the coil 38 is added to the drive force 
generated by the blowing of exhaust onto the exhaust turbine 
wheel 35 and transmitted to the compressor wheel 33. 
Therefore, by the forced induction being assisted by the 
electric assist mechanism, the forced induction pressure can 
be increased even at startup, when the engine rotation speed 
is low and the effect of the exhaust turbine is not exhibited 
readily. 

In the blow-by gas ventilation device according to the 
present embodiment applied to the internal combustion 
engine that includes the turbocharger with electric assist 
mechanism, the flow rate increasing control of step S102 of 
FIG. 3 or step S201 of FIG. 4 is performed in the manner 
shown below. That is, according to the present embodiment, 
the energization amount of the coil 38 is made greater than 
ordinary to increase the amount of forced induction opera 
tion assist by the electric assist mechanism to increase the 
drive gas flow rate in the ejector 22. Specifically, when the 
amount of forced induction operation assist by the electric 
assist mechanism is increased, the forced induction ratio of 
the turbocharger increases and the differential pressure 
between portions of the intake passage 1 at the upstream side 
and the downstream side of the compressor 4 increases. By 
the increase of the differential pressure, the flow rate of the 
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intake air flowing in reverse through the bypass passage 21, 
that is, the drive gas flow rate in the ejector 22 is increased. 

In the present embodiment as well. The drive gas flow rate 
in the ejector 22 can be increased when the internal com 
bustion engine is at a low temperature at which the degra 
dation oil due to the blow-by gas tends to progress and 
increasing of the drive gas flow rate in the ejector 22 when 
the operation range of the internal combustion engine is in 
the forced induction range. The degradation of the fuel 
efficiency of the internal combustion engine that accompa 
nies the ventilation of the blow-by gas can thus be sup 
pressed favorably even while Suppressing the degradation of 
oil due to the blow-by gas in the present embodiment as 
well. 
As the turbocharger assist mechanism, assist mechanisms 

other than the electric assist mechanism, Such as an air assist 
mechanism that assists the forced induction operation using 
compressed air, are also known. An air assist mechanism 
stores compressed air obtained by forced induction during 
high load operation, of the internal combustion engine, in a 
container and blows the compressed air as necessary onto 
the exhaust turbine wheel of the turbocharger to assist the 
forced induction operation. The forced induction operation 
assist amount can be increased by increasing the amount of 
compressed air blown onto the exhaust turbine wheel to 
more than ordinary to perform the flow rate increasing 
control of step S102 of FIG. 3 or step S104 of FIG. 4 with 
Such a turbocharger with air assist mechanism as well. 

Fourth Embodiment 

A blow-by gas ventilation device according to a fourth 
embodiment of the present invention will now be described 
with additional reference to FIG. 6. 
The blow-by gas ventilation device according to the 

present embodiment is applied to an internal combustion 
engine that includes a variable nozzle turbocharger as the 
forced-induction device. As shown in FIG. 6, a plurality of 
variable nozzle vanes 41 is provided to surround the periph 
ery of an exhaust turbine wheel 40 of an exhaust turbine of 
the variable nozzle turbocharger. The variable nozzle vanes 
41 are driven by an actuator 42 to change the opening degree 
to change the opening area of exhaust turbine blades of the 
exhaust turbine. Specifically, when the opening degree of the 
variable nozzle vanes 41 is decreased, the opening area of 
the exhaust turbine blades of the exhaust turbine decreases 
and the flow velocity of the exhaust blown onto the exhaust 
turbine wheel 40 is increased. The forced induction effi 
ciency of the turbocharger is thereby improved. On the other 
hand, when the opening degree of the variable nozzle vanes 
41 is increased, the opening area of the exhaust turbine 
blades of the exhaust turbine increases, the throttling of the 
exhaust passage is relaxed, and the exhaust pressure is thus 
decreased. 

In the blow-by gas ventilation device according to the 
present embodiment applied to the internal combustion 
engine that includes a variable nozzle turbocharger, the flow 
rate increasing control of step S102 of FIG. 3 or step S201 
of FIG. 4 is performed in the manner shown below. That is, 
according to the present embodiment, the opening degree of 
the variable nozzle vanes 41 is made smaller than ordinary 
to increase the flow velocity of the exhaust blown onto the 
exhaust turbine wheel 40 to thereby increase the drive gas 
flow rate in the ejector 22. Specifically, when the opening 
degree of the variable nozzle vanes 41 is made smaller than 
ordinary, the forced induction ratio of the turbocharger 
increases and the differential pressure between portions of 
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the intake passage 1 at the upstream side and the down 
stream side of the compressor 4 increases. By the increase 
of the differential pressure, the flow rate of the intake air 
flowing in reverse through the bypass passage 21, that is, the 
drive gas flow rate in the ejector 22 is increased. 

In the present embodiment as well, the drive gas flow rate 
in the ejector 22 can be increased when the internal com 
bustion engine is at a low temperature at which the degra 
dation oil due to the blow-by gas tends to progress and 
increasing of the drive gas flow rate in the ejector 22 when 
the operation range of the internal combustion engine is in 
the forced induction range. The degradation of the fuel 
efficiency of the internal combustion engine that accompa 
nies the ventilation of the blow-by gas can thus be sup 
pressed favorably even while Suppressing the degradation of 
oil due to the blow-by gas in the present embodiment as 
well. 

Fifth Embodiment 

A blow-by gas ventilation device according to a fifth 
embodiment of the present invention will now be described 
with reference to FIG. 7. 

In each of the embodiments described above, the flow rate 
increasing control of the drive gas is performed by increas 
ing the forced induction ratio of the turbocharger by control 
of the waste gate valve, the assist mechanism, or the variable 
noZZle Vanes. On the other hand, according to the present 
embodiment, a valve is installed in the bypass passage 21 
and the flow rate increasing control is performed by increas 
ing the opening degree of the valve. 
As shown in FIG. 7, besides the points described below, 

the configurations of the blow-by gas ventilation device 
according to the present embodiment and the internal com 
bustion engine to which the device is applied are the same 
as those of the first embodiment shown in FIG. 1. That is, 
although the first embodiment has the turbocharger 3, which 
has the waste gate valve 13a provided in the exhaust turbine 
13, the fifth embodiment may be configured with or without 
the waste gate valve 13a. Also, according to the present 
embodiment, a valve 50 that adjusts the flow rate of the 
intake air flowing through the bypass passage 21 is installed 
in the bypass passage 21 connecting the portions of the 
intake passage 1 at the upstream side and the downstream 
side of the compressor 4. 
As such a valve 50, a motor-operated flow regulating 

valve is employed in the present embodiment. The valve 50 
is controlled by the electronic control unit 31 and the 
opening degree thereof is changed in accordance with a 
command from the electronic control unit 31. 

In the blow-by gas ventilation device according to the 
present embodiment configured as described above, the flow 
rate increasing control of step S102 of FIG. 3 or step S201 
of FIG. 4 is performed in the manner shown below. That is, 
according to the present embodiment, the electronic control 
unit 31 makes the opening degree of the valve 50 greater 
than ordinary to increase the flow rate of the intake air 
flowing through the bypass passage 21, that is, the drive gas 
flow rate in the ejector 22. 

In the present embodiment as well, it is possible to 
Increase the drive gas flow rate in the ejector 22 when the 
internal combustion engine is at a low temperature at which 
the degradation oil due to the blow-by gas tends to progress 
and increasing of the drive gas flow rate in the ejector 22 
when the operation range of the internal combustion engine 
is in the forced induction range. The degradation of the fuel 
efficiency of the internal combustion engine that accompa 
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nies the ventilation of the blow-by gas can thus be sup 
pressed favorably even while Suppressing the degradation of 
oil due to the blow-by gas in the present embodiment as 
well. 

Sixth Embodiment 

A blow-by gas ventilation device according to a sixth 
embodiment of the present invention will now be described 
with reference to FIG. 8. 
As shown in FIG. 8, the configurations of the blow-by gas 

ventilation device according to the present embodiment and 
the internal combustion engine to which the device is 
applied are basically the same as those of the fifth embodi 
ment shown in FIG. 7. However, according to the present 
embodiment, a temperature sensitive valve 51 that operates 
in response to the temperature of the internal combustion 
engine is employed as the valve provided in the bypass 
passage 21. The lubricating oil or the cooling water of the 
internal combustion engine is made to flow about the valve 
51 and the valve 51 operates in response to the temperature 
of the oil or cooling water. The opening degree of the valve 
51 increases when the oil or cooling water flowing about the 
valve 51 decreases. 

Operation of the blow-by gas ventilation device according 
to the present embodiment when the internal combustion 
engine is operating in the forced induction range will now be 
described. 
When the internal combustion engine is operating in the 

forced induction range, the electronic control unit 31 closes 
the first PCV valve 19 and opens the second PCV valve 23. 
In the meantime in the bypass passage 21, the intake air 
flows from a portion of the intake passage 1 at the down 
stream side of the compressor 4 to a portion at the upstream 
side of the compressor 4 due to the differential pressure 
between portions of the intake passage 1 at the upstream and 
downstream of the compressor 4. The ejector 22 operates 
with the intake air as the drive gas and the blow-by gas 
inside the crankcase 16 is thereby introduced into the intake 
passage 1 through the second PCV hose 24. 
When the internal combustion engine is at a low tem 

perature at which the degradation of oil due to the blow-by 
gas tends to progress, the temperature of the oil or water 
flowing around the valve 51 is also low and the opening 
degree of the valve 51 provided in the bypass passage 21 is 
therefore, increased. The intake air flow rate in the bypass 
passage 21, that is, the drive gas flow rate in the ejector 22 
is thus increased and the blow-by gas ventilation ability is 
improved. 
The following advantages are achieved by the present 

embodiment. 
(3) The drive gas flow rate in the ejector 22 is increased 

only when the internal combustion engine is at a low 
temperature at which the degradation of oil due to the 
blow-by gas tends to progress and the degradation of the fuel 
efficiency of the internal combustion engine that accompa 
nies the ventilation of the blow-by gas can thus be sup 
pressed favorably even while Suppressing the degradation of 
oil due to the blow-by gas. 

(4) The increasing of the drive gas flow rate in the ejector 
22 when the internal combustion engine is at a low tem 
perature is performed autonomously by the temperature 
sensitive valve 51. Adjustment of the blow-by gas ventila 
tion ability in accordance with the temperature of the 
internal combustion engine can thus be performed autono 
mously without control from the exterior. 
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The above described embodiments may be modified as 
follows. 

In each of the embodiments, the torque increase of the 
internal combustion engine that accompanies the increase of 
the drive gas flow rate is Suppressed by reducing the opening 
degree of the throttle valve 5 when the flow rate increasing 
control is performed. Obviously, when the drive gas flow 
rate is increased by a method that does not involve torque 
increase of the internal combustion engine or when the 
torque increase of the internal combustion engine that 
accompanies the increase of the drive gas flow rate is 
negligibly small, the reduction of the opening degree of the 
throttle valve 5 during the flow rate increasing control may 
be omitted. 

Although in each of the embodiments, whether or not the 
internal combustion engine is being operated in the forced 
induction range is determined by the load factor of the 
internal combustion engine, this determination may be made 
using another parameter. For example, whether or not the 
internal combustion engine is being operated in the forced 
induction range may be determined according to whether or 
not the intake pressure of the internal combustion engine is 
a positive pressure. 

Although in each of the embodiments, whether or not the 
internal combustion engine is at a low temperature is deter 
mined by the temperature Tw of the cooling water of the 
internal combustion engine, this determination may be made 
using another parameter, for example, using the temperature 
of lubricating oil of the internal combustion engine, the time 
elapsed from the startup of the internal combustion engine, 
or the cumulative intake air amount. 

Although in each of the embodiments, the drive gas flow 
rate in the ejector 22 is increased by adjustment of the 
opening degree of the waste gate valve, the amount of forced 
induction assist by the assist mechanism, the opening degree 
of the variable nozzle vanes, or the opening degree of the 
valve provided in the bypass passage, the drive gas flow rate 
in the ejector 22 may be increased by a method besides the 
above. 

In each of the embodiments, the drive gas flow rate 
increasing control is performed or the increment of drive gas 
flow rate in the flow rate increasing control performed in 
accordance with the transition to the forced induction range 
is increased when the internal combustion engine is at a low 
temperature that is deemed to be a state in which the 
degradation of oil by the blow-by gas tends to progress. If 
there is a state in which the degradation of oil by the blow-by 
gas tends to progress besides that when the internal com 
bustion engine is at a low temperature, the flow rate increas 
ing control or increase of the increment thereof may be 
performed in Such a state as well. 

Although in each of the embodiments, a case of applying 
the blow-by gas ventilation device according to the present 
invention to an internal combustion engine that includes a 
turbocharger as a forced-induction device has been 
described, the blow-by gas ventilation device according to 
the present invention may similarly be applied to an internal 
combustion engine that includes a forced-induction device 
other than a turbocharger, for example, a Supercharger. 

DESCRIPTION OF THE REFERENCE 
NUMERALS 

1 ... intake passage, 2 . . . air cleaner, 3. . . turbocharger 
(forced-induction device), 4. . . compressor, 5... throttle 
valve, 6... intercooler, 7... intake manifold, 8... cylinder 
head, 9 . . . air intake port, 10 . . . exhaust passage, 11 . . . 
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18 
exhaust manifold, 12 . . . exhaust port, 13 . . . exhaust 
turbine, 13a ... waste gate valve, 14. . . catalytic converter, 
15 . . . cylinder block, 16 . . . crankcase, 17 . . . head cover, 
18 . . . blow-by gas passage, 19 . . . first PCV valve, 
20... first PCV hose, 21 ... bypass passage, 22. . . ejector, 
23 . . . second PCV valve, 24 . . . second PCV hose, 
25 . . . Supply port, 26 . . . nozzle, 27 . . . Vacuum chamber, 
28 . . . discharge port, 29 . . . diffuser, 30 . . . vacuum port, 
31 . . . electronic control unit, 32 . . . water temperature 
sensor, 33 ... compressor wheel, 34... shaft, 35... turbine 
wheel, 36 ... rotor, 37 . . . stator, 38 . . . coil, 39 . . . fresh 
air introduction passage, 40 . . . turbine wheel, 41 . . . 
variable nozzle vane, 42 . . . actuator, 50 . . . valve, 51 . . . 
temperature sensitive valve. 

The invention claimed is: 
1. A blow-by gas ventilation device applied to an internal 

combustion engine having an intake passage, wherein a 
forced-induction device, which compresses intake air, and a 
bypass passage, which connects a portion at an upstream 
side and a portion at a downstream side of the forced 
induction device, are provided in the intake passage, the 
blow-by gas ventilation device comprising: 

an ejector configured to operate by using intake air 
flowing through the bypass passage as a drive gas to 
vent blow-by gas generated by the internal combustion 
engine; and 

a controller configured to act as a flow rate increasing unit 
that performs flow rate increasing control for increasing 
the flow rate of the drive gas when an operation range 
of the internal combustion engine transitions from a 
natural aspiration range to a forced induction range, 

wherein, when in a state where degradation of oil due to 
the blow-by gas tends to progress, the controller 
increases the increment of the drive gas flow rate in the 
flow rate increasing control in comparison to that when 
not in the state. 

2. The blow-by gas ventilation device according to claim 
1, wherein 

the forced-induction device is a turbocharger including a 
waste gate valve that adjusts the flow rate of exhaust 
that bypasses an exhaust turbine, and 

the controller increases the drive gas flow rate by reducing 
the opening degree of the waste gate valve. 

3. The blow-by gas ventilation device according to claim 
1, wherein 

the forced-induction device includes an assist mechanism 
that assists forced induction operation, and 

the controller increases the drive gas flow rate by increas 
ing the amount of forced induction operation assist by 
the assist mechanism. 

4. The blow-by gas ventilation device according to claim 
1, wherein 

the forced-induction device is a variable nozzle turbo 
charger including a variable nozzle vane that adjusts 
the flow momentum of exhaust blown onto an exhaust 
turbine, and 

the controller increases the drive gas flow rate by reducing 
the opening degree of the variable nozzle vane. 

5. The blow-by gas ventilation device according to claim 
1, wherein 

a valve for adjusting the flow rate of intake air flowing 
through the bypass passage is provided in the bypass 
passage, and 

the controller increases the drive gas flow rate by increas 
ing the opening degree of the valve. 
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6. The blow-by gas ventilation device according to claim 
5, wherein the valve is a temperature sensitive valve that 
operates in response to the temperature of the internal 
combustion engine. 

7. The blow-by gas ventilation device according to claim 
1, wherein the controller reduces a throttle opening of the 
internal combustion engine during the flow rate increasing 
control. 

8. A blow-by gas ventilation device applied to an internal 
combustion engine having an intake passage, wherein a 
forced-induction device, which compresses intake air, and a 
bypass passage, which connects a portion at an upstream 
side and a portion at a downstream side of the forced 
induction device, are provided in the intake passage, the 
blow-by gas ventilation device comprising: 

an ejector configured to operate by using intake air 
flowing through the bypass passage as a drive gas to 
vent blow-by gas generated by the internal combustion 
engine; and 

a controller configured to act as a flow rate increasing unit 
that performs flow rate increasing control for increasing 
the flow rate of the drive gas when an operation range 
of the internal combustion engine transitions from a 
natural aspiration range to a forced induction range, 

wherein, when the internal combustion engine is at a low 
temperature, the controller increases the increment of 
the drive gas flow rate in the flow rate increasing 
control in comparison to that when the internal com 
bustion engine is not at a low temperature. 

9. The blow-by gas ventilation device according to claim 
8, wherein 

the forced-induction device is a turbocharger including a 
waste gate valve that adjusts the flow rate of exhaust 
that bypasses an exhaust turbine, and 
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the controller increases the drive gas flow rate by reducing 

the opening degree of the waste gate valve. 
10. The blow-by gas ventilation device according to claim 

8, wherein 
the forced-induction device includes an assist mechanism 

that assists forced induction operation, and 
the controller increases the drive gas flow rate by increas 

ing the amount of forced induction operation assist by 
the assist mechanism. 

11. The blow-by gas ventilation device according to claim 
8, wherein 

the forced-induction device is a variable nozzle turbo 
charger including a variable nozzle vane that adjusts 
the flow momentum of exhaust blown onto an exhaust 
turbine, and 

the controller increases the drive gas flow rate by reducing 
the opening degree of the variable nozzle vane. 

12. The blow-by gas ventilation device according to claim 
8, wherein 

a valve for adjusting the flow rate of intake air flowing 
through the bypass passage is provided in the bypass 
passage, and 

the controller increases the drive gas flow rate by increas 
ing the opening degree of the valve. 

13. The blow-by gas ventilation device according to claim 
12, wherein the valve is a temperature sensitive valve that 
operates in response to the temperature of the internal 
combustion engine. 

14. The blow-by gas ventilation device according to claim 
8, wherein the controller reduces a throttle opening of the 
internal combustion engine during the flow rate increasing 
control. 


