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(57) A multi-orifice crankcase air evacuator assem-
bly for a diesel engine which provides improved efficien-
cy and effectiveness of crankcase air removal into the
exhaust port of the engine. A multi-orifice nozzle pref-
erably has five nozzle orifices arranged in an "X" pattern.
The evacuation tube has a tube body defining a central
passage and a bell-mouth concentrically disposed at its

Multi-orifice nozzle air evacuator assembly for a crankcase breather system of a diesel

inlet. The central passage includes an air mixer and an
air diffuser. Operatively, compressed air pressurably ef-
fuses from the nozzle orifices into the central passage,
whereupon a low pressure region is established sur-
rounding the bell-mouth which causes crankcase air to
be sucked into the evacuator tube and thereupon be ex-
pelled to an exhaust port.
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Description

[0001] This application is a continuation-in-part of US
Serial No. 10/146,618 filed May 15, 2002.

TECHNICAL FIELD

[0002] The present invention relates to crankcase
ventilation of diesel internal combustion engines, partic-
ularly diesel engines used for locomotive applications.

BACKGROUND OF THE INVENTION

[0003] Diesel-powered locomotives generally require
an absence of positive crankcase pressure. Yet, during
the operation of internal combustion engines, blow-by
gas from the combustion chamber during the combus-
tion stroke causes a positive pressure in the crankcase
which must be relieved. In the case of locomotive appli-
cations, it is desired that the crankcase generally be
negatively pressured. Accordingly, since a simple valve
or opening in the crankcase is inadequate, a crankcase
ventilation system is utilized.

[0004] The crankcase ventilation system on a loco-
motive diesel engine evacuates the excessive crank-
case air in the crankcase (from seals and piston blow-
by) to the exhaust stream and eventually the atmos-
phere. Included in the crankcase air is an oil mist that
has two negative consequences. First, the oil mist con-
tributes to the engine's emissions; and second, the oil
leaves a coke deposit of carbon that can ignite and start
railside fires.

[0005] Figure 1 exemplifies a conventional diesel en-
gine crankcase ventilation system 10, including an oil
separator 12 and an evacuator 14. A pipe connection
16 communicates generally horizontally with the crank-
case, as for example at an upper portion of the oil pan
18. An elbow 20 connects the pipe connection 16 to the
oil separator 12, which has an off-set opening 22. Con-
nected to the off-set opening 22 is the evacuator 14. The
evacuator 14 has a vertical portion 24 and a horizontal
portion 26 demarcated by a bend 28. The end of the
horizontal portion 26 is interfaced with an exhaust port
30 which communicates with the engine exhaust sys-
tem. The bend 28 is fitted with a nozzle assembly 32.
The nozzle assembly 32 includes a single orifice nozzle
34 internal to the horizontal portion 26 which is directed
down the horizontal portion toward the exhaust port 26,
the horizontal portion diameter outwardly tapering with
increasing distance from the nozzle assembly. The noz-
zle assembly 32 is interfaced with a source of pressu-
rized air external to the crankcase, via an air line 36.
[0006] In operation, pressurized air emanating from
the nozzle blows air toward the exhaust port, causing a
low pressure condition in the vertical portion of the evac-
uator. This low pressure zone communicates with the
crankcase through the oil separator to cause crankcase
air to be affirmatively evacuated from the crankcase. Oil-
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laden crankcase air passes through the oil separator,
during which the expanded volume and vertical path
combine to cause oil to precipitate out of the crankcase
air and then flow back into the crankcase.

[0007] Several drawbacks of the conventional diesel
engine crankcase ventilation system are yet in need of
redress, among those being a need to improve the effi-
ciency and effectiveness of crankcase air removal into
the exhaust port.

SUMMARY OF THE INVENTION

[0008] The present invention is a multi-orifice crank-
case air evacuator assembly for a diesel engine which
provides improved efficiency and effectiveness of crank-
case air removal into the exhaust port of the engine.
[0009] The multi-orifice crankcase air evacuator as-
sembly includes a multi-orifice nozzle interfaced with an
evacuator tube. The multi-orifice crankcase air evacua-
tor assembly is located in a housing which communi-
cates with a crankcase port of the engine so that crank-
case air is freely movable into the housing at the multi-
orifice crankcase air evacuator assembly. The multi-or-
ifice crankcase air evacuator assembly, in turn, is con-
nected to an exhaust port of the engine which commu-
nicates to the engine exhaust system.

[0010] The multi-orifice nozzle has a nozzle body con-
nected to an external source of compressed air. The
compressed air enters a nozzle chamber of the nozzle
body. Connected with the nozzle body is a nozzle head
having a number of nozzle orifices, preferably five, each
communicating with the nozzle chamber. The nozzle or-
ifices are mutually spaced in a symmetric arrangement
(i.e., an "X" pattern) so as to collectively provide a gen-
erally circumferential area of air movement as the high
pressure nozzle air rapidly effuses from the nozzle ori-
fices.

[0011] The evacuation tube has a tube body defining
a central passage and a bell-mouth concentrically dis-
posed at its inlet, whereat the bell-mouth merges with
the central passage to define thereat a throat. The bell-
mouth has a generally mushroom shape characterized
by an annularly distributed convex air guide surface.
The central passage has a near portion adjacent the
throat which serves as an air mixer and a distal portion
that widens with increasing distance from the bell-mouth
and which serves as an air diffuser. At the outlet, the
tube body has a flange for interfitting with a connection
to exhaust port of the engine.

[0012] Operatively, the nozzle orifices are located in
alignment with the central passage, in close spaced
proximity to the bell-mouth. As high pressure nozzle air
exits the nozzle orifices, the respective high velocity
nozzle air streams converge at the throat and pass rap-
idly along the central passage. This nozzle air move-
ment creates a region of low pressure surrounding the
bell-mouth. Consequently, crankcase air surrounding
the bell-mouth is sucked into the throat at a large rate,
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and preferably in a generally laminar flow over the bell-
mouth. The crankcase air mixes with the nozzle air
streams in the near portion of the central passage, caus-
ing a momentum mixing therebetween which causes
crankcase air to rapidly move with the air streams down
the central passage. As this mixed air moves down the
central passage, the distal portion of the central pas-
sage allows expansion and velocity reduction of the
mixed air, whereupon the mixed air has generally
achieved atmospheric pressure by the time it reaches
the outlet.

[0013] The bell-mouth allows for crankcase air to be
sucked into the throat over a 360 degree circumference,
which contributes to a free and voluminous movement
of the crankcase air into the throat. The near portion of
the central passage provides an air mixing section
where the nozzle air exchanges momentum with the
crankcase air. The distal portion of the central passage
serves as a diffuser which serves to recover kinetic en-
ergy in the mixed air flow stream. The multiple nozzle
orifices provide better gas mixing and movement than
can be provided by a single nozzle orifice, resulting in
better momentum exchange, and reduction of external
air capacity to achieve a similar amount of crankcase
air pumping.

[0014] Accordingly, itis an object of the presentinven-
tion to provide more efficient evacuation of crankcase
air in connection with a crankcase air ventilation system
of a diesel engine.

[0015] It is an additional object of the present inven-
tion to provide improved evacuation of crankcase air in
connection with a ventilation system of a diesel engine,
wherein a multi-orifice nozzle is coupled with an evacu-
ator tube configured to provide efficient air entry, mixing
and diffusion.

[0016] These and additional objects, features and ad-
vantages of the present invention will become clearer
from the following specification of a preferred embodi-
ment.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] Figure 1is a side view of a conventional crank-
case ventilation system for a diesel engine.

[0018] Figure 2 is a side view of a crankcase ventila-
tion system of a diesel engine including a multi-orifice
crankcase air evacuator assembly according to the
present invention.

[0019] Figure 3 is a partly sectional side view of the
multi-orifice crankcase air evacuator assembly of Figure
2.

[0020] Figure 4 is a perspective view of the multi-ori-
fice crankcase air evacuator assembly according to the
present invention.

[0021] Figure 5 is a sectional side view of the multi-
orifice crankcase air evacuator assembly according to
the present invention.

[0022] Figure 6A is a perspective view of a nozzle
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head of the multi-orifice crankcase air evacuator assem-
bly according to the present invention.

[0023] Figure 6B is a side view of the nozzle head of
Figure 6A.
[0024] Figure 6C is a flange end view of the nozzle

head of Figure 6A.

[0025] Figure 7Ais a partly sectional side view of the
evacuator tube according to the present invention.
[0026] Figure 7B is a partly sectional view seen along
line 7B-7B of Figure 7A.

DESCRIPTION OF THE PREFERRED EMBODIMENT

[0027] Referring now to the drawings, Figures 2
through 7B depict an example of a multi-orifice crank-
case air evacuator assembly 100 according to the
present invention, shown in conjunction with an oil sep-
arator 102 of a diesel engine 104. While the diesel en-
gine 104, by way of exemplification, is used to power a
locomotive, other similar applications may include, for
example, power generation and marine applications.
[0028] As can be understood from reference to Fig-
ures 2 and 3, a housing 106 provides a conduit for crank-
case air from the crankcase 108 of the diesel engine
104, as for example a crankcase port 110 located at a
top portion of the oil pan 112, to an exhaust port 114
which is in communication with the exhaust system of
the engine. The housing 106 is a sheet metal fabrication.
A lower part 106L of the housing 106 is interfaced with
the oil separator 102 upstream of the multi-orifice crank-
case air evacuator assembly 100, wherein the multi-or-
ifice crankcase air evacuator assembly is operably in-
terfaced with the housing 106 at an upper part 106U
thereof so as to be in communication, at one end there-
of, with the oil separator 102 and, at the other end there-
of via suitable connection 128, with the exhaust port 114.
A high pressure air line 116 is connected to a conven-
tionally derived source of compressed air and to the mul-
ti-orifice crankcase air evacuator assembly 100.
[0029] Referring now additionally to Figures 4 and 5,
the multi-orifice crankcase air evacuator assembly 100
includes a multi-orifice nozzle 130 proximally positioned
relative to an inlet 134 of an evacuator tube 132 such
that high pressure nozzle air exiting the multi-orifice noz-
zle 130 passes into the evacuator tube 132, creating a
low pressure region therearound which sucks ambient
air in the upper part 106U of the housing 106 into the
evacuator tube. Since the upper and lower parts 106U,
106L of the housing 106 communicate with each other
via a housing passage 106P, because of establishment
of the aforementioned the low pressure region, crank-
case air from the crankcase port 110 is drawn into the
lower part 106L of the housing 106, through the housing
passage 106P and into the upper part 106U of the hous-
ing so as to be thereupon sucked into the evacuator tube
132. And, since the evacuator tube 132 is, at an outlet
136 thereof, connected to an exhaust port 114 of the
engine 104, the crankcase air is expelled to the engine
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exhaust system.

[0030] As shown at Figures 4 through 6C, the multi-
orifice nozzle 130 includes a nozzle body 140 connect-
ed, via the air line 116, to an external source of com-
pressed air. The compressed air enters a nozzle cham-
ber 142 of the nozzle body 140. The multi-orifice nozzle
130 further includes a nozzle head 144 connected with
the nozzle body 140. The nozzle head 144 has a plural-
ity of nozzle orifices 146a, 146b, 146¢, 146d, 146e (pref-
erably five in number), wherein each nozzle orifice com-
municates with the nozzle chamber 142. The nozzle or-
ifices 146a-146e are mutually spaced in a symmetric ar-
rangement so as to collectively provide a generally cir-
cumferential area of air movement as the high pressure
nozzle air effuses from the nozzle orifices. It is notable
that multiple nozzle orifices provide better gas mixing
and movement than can be provided by a single nozzle
orifice, resulting in better momentum exchange, and re-
duction of external air capacity to achieve a similar
amount of crankcase air pumping.

[0031] By way of preferred example, the multi-orifice
nozzle 130 is constructed of a machined aluminum cast-
ing. The nozzle head 144 has a nozzle head flange 148
for connecting to the nozzle body 140, and is drilled
therethrough to provide an air passageway 150 at each
nozzle orifice 146a-146d. The symmetric arrangement
is preferred to be an "X" pattern, wherein a nozzle orifice
is located at the center C and each terminous T of each
leg of the "X" pattern (see Figure 6C). For example, an
"X" pattern has a separation between the central nozzle
orifice 146¢ and the distal nozzle orifices 146a, 146b,
146d, 146e along each leg of the "X" of about 0.544 inch,
the diameter of each air passageway is about 0.25 inch-
es, and the nozzle head has a length (including the noz-
zle head flange 148) of about 2.38 inches.

[0032] Referring now additionally to Figures 7A and
7B, the evacuation tube 132 is characterized by a tube
body 160 defining a central passage 162 and a bell-
mouth 164 integral with the tube body which is concen-
trically disposed at the inlet 134 thereof. The bell-mouth
164 smoothly merges with the central passage 162 so
as to define thereat a throat 166. The bell-mouth 164
has a generally mushroom shape characterized by an
annularly distributed convex air guide surface 168. The
central passage 162 has a near portion 162n which
serves as an air mixer 180 and a distal portion 162d that
widens with increasing distance from the bell-mouth 164
and which serves as an air diffuser 182. The tube body
160 has a mounting flange 170 at the outlet 136 for in-
terfitting with the connection 128 to the exhaust port 114
of the engine 104. Generally, medial of the near portion
162n, a cross-bar bracket 172 is connected externally
to the tube body 160 for providing a connection of the
evacuator tube 102 to the housing 106.

[0033] The air guide surface 168 of the bell-mouth 164
allows crankcase air to be sucked into the throat 166
over a 360 degree circumference in response to the high
pressure nozzle air rapidly effusing from the nozzle or-
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ifices 146a-146e. Accordingly, a free and voluminous
movement of the crankcase air into the throat is
achieved. The near portion 162n of the central passage
162 provides an air mixing section whereat the nozzle
air exchanges momentum with the crankcase air. The
distal portion of the central passage serves as a diffuser
which serves to recover kinetic energy in the mixed air
flow stream.

[0034] By way of preferred example, the evacuator
tube 102 is composed of a machined aluminum casting.
For example, the length of the evacuator tube 102 may
be about 14.67 inches, the bell-mouth 164 may have an
outer diameter of about 5.6 inches, the near portion
162n of the central passage 162 may have a diameter
of about 1.7 inches and a length of about 8 inches, and
the distal portion 162d of the central passage may have
a diameter at the outlet 136 of about 2.48 inches. By
way of further exemplification, the nozzle orifices 146a-
146e are located in alignment with the central passage
162, in a close spaced proximity to the bell-mouth of, for
example, about 0.5 inch (see D in Figure 5).

[0035] Operation of the multi-orifice crankcase air
evacuator assembly, will now be described with partic-
ular attention being directed to Figure 3. As high pres-
sure nozzle air Ay rapidly and forcefully exits the nozzle
orifices, the respective high velocity air streams con-
verge at the throat and pass rapidly along the central
passage. This air movement creates a region R of low
pressure surrounding the bell-mouth. Consequently,
ambient air of the housing is sucked into the throat at a
large rate, thereby causing a pumping movement of the
crankcase air A out from the crankcase and suckingly
into the throat. The crankcase air mixes with the nozzle
air streams in the near portion 162a of the central pas-
sage, causing a momentum mixing therebetween,
whereupon crankcase air rapidly moves with the nozzle
air streams down the central passage. As this mixed air
Ay, moves down the central passage, the distal portion
162b of the central passage allows expansion and ve-
locity reduction of the mixed air, whereupon the mixed
air has generally achieved atmospheric pressure by the
time it reaches the outlet of the evacuator tube. The
mixed air is then expelled to the exhaust outlet 114.
[0036] Tothose skilledinthe artto which this invention
appertains, the above described preferred embodiment
may be subject to change or modification. Such change
or modification can be carried out without departing from
the scope of the invention, which is intended to be lim-
ited only by the scope of the appended claims.

Claims

1. A multi-orifice crankcase air evacuator assembly for
a crankcase ventilation system comprising:

a multi-orifice nozzle comprising a plurality of
nozzle orifices; and



7 EP 1 367 232 A1 8

an evacuator tube comprising a tube body hav-
ing a central passage, said central passage
having an inlet and an opposite outlet; said plu-
rality of nozzle orifices being located proximal
to, and in alignment with, said inlet of said cen-
tral passage;

wherein when air pressurably effuses from
said plurality of nozzle orifices, the air passes into
said inlet, thereby causing a low pressure region
therearound which sucks ambient air into said inlet.

The multi-orifice crankcase air evacuator assembly
of Claim 1, wherein said evacuator tube further
comprises a bell-mouth integrally formed of said
tube body at said inlet in concentric disposition rel-
ative to said central passage, said bell-mouth hav-
ing an annularly distributed convex air guide sur-
face which smoothly merges with said central pas-
sage at said inlet to thereby form a throat.

The multi-orifice crankcase air evacuator assembly
of Claim 2, wherein said central passage comprises
a near portion and a distal portion, said near portion
extending between said throat and said distal por-
tion, said distal portion extending between said near
portion and said outlet, said near portion having a
substantially constant diameter serving as an air
mixer, said distal portion having an increasing diam-
eter with increasing distance from said near portion
serving as an air diffuser.

The multi-orifice crankcase air evacuator assembly
of Claim 1, wherein said multi-orifice nozzle further
comprises:

a nozzle body having a nozzle chamber formed
therewithin; and
a nozzle head connected to said nozzle body;

wherein said plurality of nozzle orifices are
formed integrally of said nozzle head, and wherein
each nozzle orifice of said plurality of nozzle orifices
comprises an air passageway communicating with
said nozzle chamber.

The multi-orifice crankcase air evacuator assembly
of Claim 4, wherein said evacuator tube further
comprises a bell-mouth integrally formed of said
tube body at said inlet in concentric disposition rel-
ative to said central passage, said bell-mouth hav-
ing an annularly distributed convex air guide sur-
face which smoothly merges with said central pas-
sage at said inlet to thereby form a throat.

The multi-orifice crankcase air evacuator assembly
of Claim 5, wherein said central passage comprises
a near portion and a distal portion, said near portion
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10.

extending between said throat and said distal por-
tion, said distal portion extending between said near
portion and said outlet, said near portion having a
substantially constant diameter serving as an air
mixer, said distal portion having an increasing diam-
eter with increasing distance from said near portion
serving as an air diffuser.

The multi-orifice crankcase air evacuator assembly
of Claim 6, wherein said plurality of nozzle orifices
comprises five nozzle orifices arranged in an "X"
pattern.

A crankcase ventilation system interfaced between
a crankcase port and an exhaust port of a diesel
engine, comprising:

a housing connected between the crankcase
and exhaust ports of the diesel engine;

a source of compressed air; and

a crankcase air evacuator assembly compris-

ing:

a multi-orifice nozzle comprising a plurality
of nozzle orifices located within said hous-
ing, said multi-orifice nozzle being con-
nected to said source of compressed air,
wherein air from said source pressurably
effuses as nozzle air from said plurality of
nozzle orifices; and

an evacuator tube located in said housing,
said evacuator tube comprising a tube
body having a central passage, said cen-
tral passage having an inlet and an oppo-
site outlet interconnected with said exhaust
port; said plurality of nozzle orifices being
located proximal to, and in alignment with,
said inlet of said central passage;

wherein said nozzle air passes into said inlet
thereby creating a low pressure region therearound
which sucks ambient air of said housing into said
inlet and thereby evacutes said crankcase air from
said crankcase port and expels the crankcase air to
said exhaust port.

The crankcase ventilation system of Claim 8,
wherein said evacuator tube further comprises a
bell-mouth integrally formed of said tube body at
said inlet in concentric disposition relative to said
central passage, said bell-mouth having an annu-
larly distributed convex air guide surface which
smoothly merges with said central passage at said
inlet to thereby form a throat.

The crankcase ventilation system of Claim 9,
wherein said central passage comprises a near por-
tion and a distal portion, said near portion extending
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between said throat and said distal portion, said dis-
tal portion extending between said near portion and
said outlet, said near portion having a substantially
constant diameter serving as an air mixer, said dis-
tal portion having an increasing diameter with in-
creasing distance from said near portion serving as
an air diffuser.

The crankcase ventilation system of Claim 8,
wherein said multi-orifice nozzle further comprises:

a nozzle body connected with said source, said
nozzle body having a nozzle chamber formed
therewithin, said nozzle chamber communicat-
ing with the air from said source; and

a nozzle head connected to said nozzle body;

wherein said plurality of nozzle orifices are
formed integrally of said nozzle head, and wherein
each nozzle orifice of said plurality of nozzle orifices
comprises an air passageway communicating with
said nozzle chamber.

The crankcase ventilation system of Claim 11,
wherein said evacuator tube further comprises a
bell-mouth integrally formed of said tube body at
said inlet in concentric disposition relative to said
central passage, said bell-mouth having an annu-
larly distributed convex air guide surface which
smoothly merges with said central passage at said
inlet to thereby form a throat.

The crankcase ventilation system of Claim 12,
wherein said central passage comprises a near por-
tion and a distal portion, said near portion extending
between said throat and said distal portion, said dis-
tal portion extending between said near portion and
said outlet, said near portion having a substantially
constant diameter serving as an air mixer, said dis-
tal portion having an increasing diameter with in-
creasing distance from said near portion serving as
an air diffuser.

The crankcase ventilation system of Claim 13,
wherein said plurality of nozzle orifices comprises
five nozzle orifices arranged in an "X" pattern.

An evacuator tube for an evacuator of a crankcase
ventilation system, comprising:

atube body having a central passage, said cen-
tral passage having an inlet and an opposite
outlet; and

a bell-mouth integrally formed of said tube body
at said inlet in concentric disposition relative to
said central passage, said bell-mouth having
an annularly distributed convex air guide sur-
face which smoothly merges with said central
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passage at said inlet to thereby form a throat.

16. The evacuator tube of Claim 15, wherein said cen-

tral passage comprises a near portion and a distal
portion, said near portion extending between said
throat and said distal portion, said distal portion ex-
tending between said near portion and said outlet,
said near portion having a substantially constant di-
ameter serving as an air mixer, said distal portion
having an increasing diameter with increasing dis-
tance from said near portion serving as an air dif-
fuser.
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