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CRANKCASE VENTILATION SYSTEMS

BACKGROUND

[1] Natural gas is an attractive fuel for vehicles due to its low cost and reduced
emissions, including greenhouse gases. However, for effective use as a vehicle fuel, natural

gas must be compressed to high pressure (typically 3600 to 5000 psi).

[2] One appealing way to compress gas is to use an internal combustion engine, e.g.,
an automotive engine, to package gas compression and the power required to do so into the
same machine. Such “on-board” dual-mode compression systems are described in U.S.
Patent No. 9,528,465. FIG. 1 shows an internal combustion engine 16 containing a
plurality of gas compression cylinders 10, at least one standard combustion cylinder 12 to
drive the plurality of compression cylinders 10, and a common crankshaft in a crankcase
14 coupling the plurality of compression cylinders 10 and the at least one standard

combustion cylinder 12.

[3] The plurality of compression cylinders 10 are in fluid communication with each
other and are configured to compress gas in a series of stages. The plurality of compression
cylinders 10 includes an initial compression cylinder 18 in fluid communication with a gas
inlet 20, a final compression cylinder 22 in fluid communication with a gas outlet 24, and
optional intermediate compressors such as intermediate compressors 26 and 28. A cylinder
head (not shown) of the plurality of compression cylinders 10 includes a valve system 30
to regulate the flow of gas into and out of the compression cylinders. The flow of gas into
a compression cylinder may be regulated using a check valve, e.g., check valve 32. The
flow of gas out of a compression cylinder may be regulated using a check valve, e.g., check

valve 34.

[4]  Engine valves 36 supply air from intake manifold 42 and fuel to the at least one
standard combustion cylinder 12 and vent the exhaust of the at least one standard

combustion cylinder 12 to the exhaust manifold 38 and the exhaust system 40.
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[5]  Asshown in FIG. 1, during a gas compression cycle, gas travels from gas inlet 20
to initial compression cylinder 18 via a conduit 54 passing through check valve 32. The
piston of initial compression cylinder 18, powered by the at least one compression cylinder
12, compresses the gas. Check valve 34 allows the compressed gas to flow out of initial
compression cylinder 18. The gas is serially compressed until it leaves final compression

cylinder 22 and travels to gas outlet 24.

[6] This configuration means that the two parts of the engine — the plurality of
combusting cylinders 10 and the at least one compressing cylinder 12 — share the same
engine crankcase 14. Some amount of the compression gas will leak past the piston rings
of the plurality of combustion cylinders 10 into the engine crankcase 14. For combustible
compression gases, such as natural gas, the leaked gas into crankcase 14 will mix with air

and create a potentially combustible mixture, which poses a safety concern.

[7] The rate of compression gas leaking into the crankcase may depend on the design
and use of a particular engine. Factors such as the type of rings used in the original engine,
power level of the engine during the compression process, and age of the engine (i.e. ,total
hours in operation) may influence this rate. One of ordinary skill in the art may determine
the rate of compressing gas leaking into the crankcase (i.e., the blow-by rate) by operating
a test engine for hundreds or thousands of hours. For example, the rate of compressing gas
leaking into the crankcase in a dual mode engine may be less than or equal to 20%, less
than or equal to 10%, less than or equal to 5%, or less than or equal to 2% of the flow rate
of gas being compressed. The flow rate of gas being compressed may be between 40 and
80 standard cubic feet per minute (SCFM) for a V8 engine of 6 to 7 liters of displacement.
For larger or smaller engines, these flow rates would be proportionately larger or smaller.
For example, the flow rate of gas being compressed may be between 10 and 50 SCFM,
between 20 and 60 SCFM, between 70-110 SCFM, between 80-120 SCFM, between 90-
130 SCFM, or between 100-200 SCFM.

[8] The leakage of compressed natural gas in this type of dual mode engine is of
particular concern compared to a combustion engine with no compression system and

compared to a gas compression system with dedicated compression cylinders. In a
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combustion engine with no compression system, virtually all the fuel is bumt in the
combustion cylinders so gas leakage into the crankcase is less of a concern. In a gas
compression system with dedicated compression cylinders, the gas compression cylinders
are specifically designed for gas compression and are not adjacent to the crankcase and,

therefore, an insignificant amount of gas leakage occurs.

[9]  FIG. 1 shows a typical PCV (positive crankcase ventilation) system that has been
used to flush the crankcase with fresh air to some degree in an attempt to purge combustion
gas build-up. In the system shown in FIG. 1, crankcase 14 and outside air intake 46 are in
fluid communication with both intake manifold 42 and a breather 52. A PCV valve 44 is
disposed between crankcase 14 and intake manifold 42. A portion of the intake air is pulled
into the crankcase via the breather 52, then exhausted to the intake manifold 42 through
the PCV valve 44 which ensures that air only flows out of the crankcase. The flow through
the crankcase 14 is driven by the pressure differential between an intake air filter 48 (close
to ambient pressure) and the intake manifold 42 (typically at a vacuum with respect to
ambient pressure.) This pressure differential is created in part by the downward motion of

the moving piston of the at least one combustion cylinder 12.

[10] A throttle 50 is disposed between a junction 56 and intake manifold 42 and
modulates the flow of intake air into the intake manifold 42. Junction 56 routes air from

outside air intake 46 to either breather 52 or throttle 50.

[11]  The air flow rates of this pressure differential-driven PCV system may not be high
enough to purge sufficiently compression gas that has leaked into the crankcase. The flow
rates for this PCV system may be less than the rate of blow-by, i.e., the rate of compressing
gas leaking into the crankcase. For example, the flow rate for this PCV system may be less
than or equal to 20%, less than or equal to 10%, less than or equal to 5%, less than or equal

to 2%, or less than or equal to 1% of the flow rate of gas being compressed.

[12]  Others have tried to solve the problem of gas leaking into the crankcase by sealing
around the pistons of the compression cylinders. These methods may only limit leakage,

not eliminate the possibility of a combustible mixture.
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SUMMARY
[13] The present invention augments the flushing of the crankcase by routing more air
through the crankcase so that combustible mixtures may never be achieved. Several ways

of additional purging are exemplified.

[14] One such crankcase ventilation system for an engine includes a crankcase of the
engine in fluid communication with both an intake manifold of the engine and a breather;
an outside air intake in fluid communication with both the intake manifold and the breather;
a check valve disposed between the crankcase and the intake manifold; and a blower in

fluid communication with the breather.

[15] Another crankcase ventilation system for an engine includes a crankcase of an
engine in fluid communication with a breather and an intake manifold of the engine; a
check valve disposed between the crankcase and the intake manifold; and an outside air
intake in fluid communication with the breather; wherein all the outside air from the outside

air intake is routed through the crankcase before being routed into the intake manifold.

[16] Methods of venting gas from a crankcase of an engine that compresses gas include
blowing outside air through the crankcase at a rate equal to or more than the rate of
compressing gas leaking into the crankcase. When a blower is included in the crankcase
ventilation system, blowing outside air through the crankcase comprises turning on the
blower to drive air flow through the crankcase. When all outside air from the outside air
intake is routed through the crankcase before being routed into the intake manifold in the
crankcase ventilation system, blowing outside air through the crankcase comprises
providing low pressure at the intake manifold to pull outside air from the breather, through

the crankcase, and into the intake manifold.

DESCRIPTION OF THE DRAWINGS

[17] FIG. 1 is a schematic for an engine containing a gas compressor with a typical

crankcase ventilation system.

[18] FIG. 2 is a schematic for an engine containing a gas compressor with a higher-flow

crankcase ventilation system.
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[19] FIG. 3 is a schematic for an engine containing a gas compressor with complete

crankcase ventilation.
DETAILED DESCRIPTION

[20] Several ways for eliminating the concern of combustible mixtures in the crankcase
are detailed. Generally, the crankcase is vented by blowing outside air (air external to the
engine) through the crankcase at a rate such that no combustible mixtures will cause safety
issues. The flow rate of air may be equal to or more than the blow-by rate. For example,
the flow rate of air may be more than or equal to 100%, more than or equal to 50%, more

than or equal to 20% of the flow rate of gas being compressed.

[21]  One way to vent the crankcase is depicted in FIG. 2. The routing of the air into and
out of the crankcase is the same as FIG. 1, but the flow rate is enhanced by adding a blower

58 in fluid communication with breather 52 to drive airflow through crankcase 14.

[22] Blower 58 may be selected based on the flow rate that is desired to prevent safety
issues as discussed above and the pressure drop that flow experiences as it travels through
a particular engine crankcase. It is likely the pressure drop would be less than 3 psi, less
than 5 psi, or less than 10 psi. For example, after measuring the blow-by rate as discussed
above, one of ordinary skill in the art could select a blower with a potential flow rate, such
as a volume per unit time, that equals or exceeds (e.g., greater than or equal to 10x, greater
than or equal to 20x, greater than or equal to 50x, or greater than or equal to 100x) that of

the measured blow-by rate.

[23] For a lower pressure drop, a centrifugal compressor could be used as blower 58.
For a larger pressure drop, a positive displacement compressor, such as a piston
compressor, would be preferred. However, for some situations, one of ordinary skill in the
art may make a different choice for blower 58. The blower may be run continuously so gas

does not build-up in the crankcase.

[24] Another way to vent the crankcase is depicted in FIG. 3. Like FIG. 1 and FIG. 2,
crankcase 14 is in fluid communication with breather 52 and intake manifold 42 and

outside air intake 46 is in fluid communication with breather 52. However, as shown in
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FIG. 3, the PCV valve 44 is disposed between crankcase 14 and throttle 50 and throttle 50
is disposed between PCV valve 44 and intake manifold 42. Intake air filter 48 is disposed
between outside air intake 46 and breather 52.

[25] As depicted in FIG. 3, rather than just a portion of the engine’s intake air flowing
through crankcase 14 as in FIG. 1 and FIG. 2, all the outside air from the outside air intake
46 is routed through the crankcase 14, via breather 52, before being routed into intake
manifold 42 via PCV valve 44 and throttle 50. In this embodiment, no blower is used. Like
FIG. 1 and FIG. 2, low pressure at intake manifold 42 pulls outside air from breather 52,
through crankcase 14, and into intake manifold 42. The low pressure may be from 1 psi to
14 psi, from 4 psi to 12 psi, or from 6 psi to 10 psi. This configuration results in a crankcase
that is flushed with air at such a high rate that any combustible, compressed gas leaking
into the crankcase is highly diluted and cannot be concentrated enough to form a

combustible mixture.

OTHER EMBODIMENTS

[26] While four gas compression cylinders are exemplified, one of ordinary skill in the
art would read these descriptions understanding that as few as two cylinders or more than
four cylinders may be used. In addition, while four combustion cylinders are exemplified,
one of ordinary skill in the art would read these descriptions understanding that as few one

cylinder or more than four cylinders may be used.

[27] While one cylinder compresses the gas and the gas moves to the next cylinder for
further compression is exemplified, one of ordinary skill in the art understands that multiple
cylinders could compress a gas to a single lower pressure and the gas then may move to

another set of multiple compression cylinders for further compression.

[28] The present invention is not to be limited in scope by the specific embodiments

described herein. Indeed, various modifications of the invention in addition to those
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described herein will be apparent to those skilled in the art from the foregoing description.

Such modifications are intended to fall within the scope of the appended claims.

[29]  All references cited herein, including all patents, published patent applications, and

published scientific articles and books.
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CLAIMS

1. A crankcase ventilation system for an engine, comprising: a crankcase of the engine in
fluid communication with both an intake manifold of the engine and a breather; an outside air
intake in fluid communication with both the intake manifold and the breather; a positive crankcase
ventilation (PCV) valve disposed between the crankcase and the intake manifold; a junction for
routing outside air from the outside air intake to either the breather or the intake manifold; and a
blower, in fluid communication with the breather, disposed between the junction and the breather,
wherein the engine comprises at least one standard combustion cylinder driving a plurality of gas
compression cylinders, configured to compress gas in a series of stages, and a common
crankshaft in the crankcase coupling the at least one standard combustion cylinder and the

plurality of compression cylinders.

2. The crankcase ventilation system of claim 1, wherein the blower is a centrifugal
compressor.
3. The crankcase ventilation system of claim 1, further comprising a throttle disposed

between the junction and the intake manifold, wherein the throttle modulates outside air to the
intake manifold.

4, The crankcase ventilation system of claim 1, further comprising an intake air filter disposed
between the outside air intake and the junction.

5. A crankcase ventilation system of claim 1, wherein all the outside air from the outside air
intake is routed through the crankcase before being routed into the intake manifold.

6. The crankcase ventilation system of claim 5, further comprising an intake air filter disposed
between the outside air intake and the breather.
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7. A method of venting gas comprising: providing the crankcase ventilation system of claim
1; and blowing outside air through the crankcase at a rate equal to or more than the rate of
compressing gas leaking into the crankcase, wherein blowing outside air through the crankcase
comprises turning on the blower to drive air flow through the crankcase.

8. The method of claim 7, wherein the rate of gas leaking into the crankcase is less than or

equal to 20% of the flow rate of gas being compressed.

9. A method of venting gas comprising: providing the crankcase ventilation system of claim
5; and blowing outside air through the crankcase at a rate equal to or more than the rate of
compressing gas leaking into the crankcase, wherein blowing outside air through the crankcase
comprises providing low pressure at the intake manifold to pull outside air from the breather,
through the crankcase, and into the intake manifold.

10. The method of claim 9, wherein providing low pressure at the intake manifold comprises
moving down a piston of the at least one combustion cylinder.

11. The crankcase ventilation system of claim 1, wherein the plurality of gas compression
cylinders comprises an initial compression cylinder in fluid communication with a final
compression cylinder.

12. The crankcase ventilation system of claim 1, wherein a cylinder head of the plurality of
compression cylinders comprises a valve system configured to regulate gas flow into and out of
the plurality of compression cylinders.

13. The crankcase ventilation system of claim 5, wherein the plurality of gas compression
cylinders comprises an initial compression cylinder in fluid communication with a final

compression cylinder.
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14. The crankcase ventilation system of claim 5, wherein a cylinder head of the plurality of
compression cylinders comprises a valve system configured to regulate gas flow into and out of
the plurality of compression cylinders.

15. The method of claim 7, wherein the plurality of gas compression cylinders comprises an

initial compression cylinder in fluid communication with a final compression cylinder.

16. The method of claim 7, wherein a cylinder head of the plurality of compression cylinders
comprises a valve system configured to regulate gas flow into and out of the plurality of

compression cylinders.

17. The method of claim 9, wherein the rate of gas leaking into the crankcase is less than or

equal to 20% of the flow rate of gas being compressed.

18. The method of claim 9, wherein the plurality of gas compression cylinders comprises an
initial compression cylinder in fluid communication with a final compression cylinder.

19. The method of claim 9, wherein a cylinder head of the plurality of compression cylinders
comprises a valve system configured to regulate gas flow into and out of the plurality of

compression cylinders.
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