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1
OIL SEPARATOR

TECHNICAL FIELD OF THE INVENTION

The present invention relates to an oil separator.

BACKGROUND ART OF THE INVENTION

Vehicles such as trucks, buses, and construction machines
utilize compressed air sent from a compressor, which is
directly connected to an engine, to control systems such as
brakes and suspensions. The compressed air contains water,
which is contained in the atmosphere, and oil for lubricating
the interior of the compressor. When the compressed air
containing water and oil enters inside the systems, it causes
rust and swelling of rubber members (such as O-rings) and
results in an operational defect. Thus, an air dryer is pro-
vided downstream of the compressor in an air system for
removing water and oil from the compressed air (for
example, Patent Document 1).

A filter and a desiccant such as silica gel and zeolite are
provided in the air dryer. The air dryer performs dehumidi-
fication to remove water from compressed air and regenera-
tion to regenerate the desiccant by removing the water
absorbed by the desiccant and discharging it to the outside.

PRIOR ART DOCUMENT
Patent Document

Patent Document 1: Japanese Laid-Open Patent Publica-
tion No. 10-296038

SUMMARY OF THE INVENTION

The air discharged from the air dryer during regeneration
of the desiccant contains oil together with water. Consider-
ing the burden on the environment, an oil separator may be
provided downstream of the compressor in the air system.
This oil separator performs allows air that contains oil to
strike an impingement member provided in the housing to
separate the oil from the air and recover the oil. The oil
separator then discharges cleaned air.

Since liquid containing the separated oil is stored in the
housing of the oil separator together with water, the interior
of the casing needs to be cleaned and the impingement
member needs to be replaced periodically. Thus, there is a
demand for an oil separator that allows the housing to be
easily separated from the oil separator.

Accordingly, it is an objective of the present invention to
provide an oil separator that allows the housing to be easily
separated from the oil separator.

To achieve the foregoing objective and in accordance with
one aspect of the present invention, an oil separator is
provided that includes a housing including an inlet for air
and an expansion chamber provided in the housing. The oil
separator introduces air containing oil into the housing
through the inlet to separate and recover the oil from the
introduced air. The transverse cross-sectional area of the
expansion chamber is greater than the opening area of the
inlet. The oil separate further includes a collected liquid
storage portion, a liquid communication portion, and a
mounting and dismounting mechanism. The collected liquid
storage portion is located below the expansion chamber. The
collected liquid storage portion stores the separated oil. The
liquid communication portion has a communication hole
that connects the expansion chamber and the collected liquid
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2

storage portion with each other. The mounting and dis-
mounting mechanism mounts the collected liquid storage
portion to and dismounts the collected liquid storage portion
from the casing.

In accordance with another aspect of the present inven-
tion, an oil separator is provided that includes a lid including
an inlet for introducing purge air from an air dryer and an
outlet for discharging cleaned air, a plurality of expansion
chambers arranged next to one another in a vertical direc-
tion, a housing mountable to the lid; and a mounting and
dismounting mechanism for allowing the lid to be detach-
able with respect to the housing. The oil separator causes the
purge air to flow into the housing and strike an impingement
member to separate oil from the purge air, thereby recov-
ering liquid containing oil, and the oil separator discharges
cleaned air. A through hole, which permits the purge air
introduced through the inlet to flow vertically downward, is
formed between the expansion chambers.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram illustrating an installation
position of an oil separator according to a first embodiment
of the present invention in an air system;

FIG. 2 is a side view illustrating the external structure of
the oil separator of FIG. 1;

FIG. 3 is a vertical cross-sectional view illustrating the
internal structure of the oil separator of FIG. 1;

FIG. 4 is a vertical cross-sectional view illustrating a state
in which the oil separator of FIG. 3 is disassembled;

FIG. 5 is a cross-sectional view taken along line A-A of
FIG. 3,

FIG. 6 is a cross-sectional view taken along line B-B of
FIG. 3,

FIG. 7 is a block diagram illustrating an installation
position of an oil separator according to a modification in an
air system;

FIG. 8 is a view illustrating a mounting state of an oil
separator according to a second embodiment of the present
invention and a connection state of the oil separator and an
air dryer;

FIG. 9 is a top view illustrating the position of an inlet and
an outlet of the oil separator of FIG. 8;

FIG. 10 is a bottom view illustrating the inside of the lid
of the oil separator of FIG. 8;

FIG. 11 is a cross-sectional view taken along line 11-11 of
FIG. 9,

FIG. 12 is a cross-sectional view taken along line 6-6 of
FIG. 9,

FIG. 13 is a perspective view illustrating the elbow
member and the drip preventing member of FIG. 12;

FIG. 14 is a cross-sectional view illustrating the internal
structure of the elbow member and the drip preventing
member of FIG. 13;

FIG. 15 is a bottom view illustrating a mounting and
dismounting mechanism of an oil separator according to a
modification;

FIG. 16 is a cross-sectional view illustrating the mounting
and dismounting mechanism the oil separator according to
the modification; and

FIG. 17 is a cross-sectional view illustrating the structure
of the lower part of the oil separator according to a modi-
fication.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

An oil separator according to a first embodiment will now
be described with reference to FIGS. 1 to 6. The oil separator
is applied to an exhaust system of an air dryer.
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As shown in FIG. 1, vehicles such as trucks, buses, and
construction machines utilize compressed air sent from a
compressor 1 to control systems such as brakes and suspen-
sions. Thus, an air dryer 2, which removes oil and water in
the compressed air and provides dried air, is located down-
stream of the compressor 1 of an air system. A desiccant is
provided in the air dryer 2. The air dryer 2 performs
dehumidification to remove oil and water from the com-
pressed air, and regeneration to regenerate the desiccant by
removing the oil and the water absorbed by the desiccant and
discharging them to the outside.

In the present embodiment, since air (purge air) dis-
charged from the air dryer 2 during regeneration of the
desiccant includes oil together with water, an oil separator 3
is provided downstream of the compressor 1 of the air
system considering the burden on the environment. In par-
ticular, the oil separator 3 is provided in an exhaust system
of the air dryer 2, and separates and recovers the oil and the
water from purge air discharged during regeneration of the
desiccant in the air dryer 2.

The oil separator 3 is an impingement plate-type oil
separator and includes, inside the housing, impingement
plates, against which air containing oil and water strikes.
The impingement plate-type oil separator 3 performs gas/
liquid separation by allowing the air containing oil and water
to strike the impingement plates. In this manner, the oil
separator 3 recovers oil from air, and discharges cleaned air.

As shown in FIG. 2, the oil separator 3 includes a
rectangular parallelepiped housing 4, which extends in the
horizontal direction. An inlet 14 and an outlet 15 are
respectively formed in a front side 5 and a rear side 13 of the
housing 4. The front side 5 and the rear side 13 are opposed
to each other in the longitudinal direction. That is, air passes
through the oil separator 3 from left to right in FIG. 2.

An opening portion 16 is formed in the bottom face of the
housing 4. A collected liquid storage portion 50, which
stores liquid that is separated from the air and collected, is
mounted on the bottom face of the housing 4 with bolts 21
and nuts 22. The collected liquid contains oil and water. The
collected liquid storage portion 50 is a box that is open
upward. The bolts 21 and the nuts 22 configure a mounting
and dismounting mechanism.

Also, a liquid communication portion 45 is fitted in the
opening portion 16 of the bottom face of the housing 4.
Liquid communication holes 46, which connect the interior
of the housing 4 to the collected liquid storage portion 50,
are formed in the liquid communication portion 45. The
liquid communication portion 45 and the opening portion 16
configure the mounting and dismounting mechanism. Fur-
thermore, a drain outlet 17, which discharges the collected
liquid, is formed at part of a bottom face 51 of the collected
liquid storage portion 50 close to the rear side 13.

Furthermore, an opening portion 18 is formed in the upper
surface of the housing 4. The opening portion 18 is closed
by a rectangular lid 19. A sealing sheet 20, which covers the
entire opening portion 18, is sandwiched between the open-
ing portion 18 and the lid 19. The lid 19, the sealing sheet
20, and the housing 4 are tightly secured by bolts 21 and nuts
22. The lid 19 restricts movement of members accommo-
dated in the housing 4.

As shown in FIG. 3, a plate-like partition wall 30 is
provided at a longitudinal center portion in the housing 4.
The inside of the housing 4 is divided by the partition wall
30 into a primary expansion chamber 31 close to the inlet 14
and a secondary expansion chamber 32 close to the outlet 15
in the horizontal direction. The transverse cross-sectional
areas of the primary expansion chamber 31 and the second-
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4

ary expansion chamber 32 are each greater than the trans-
verse cross-sectional area of the inlet 14. The transverse
cross-sectional area here corresponds to an area of a cross-
section perpendicular to the longitudinal direction of the
housing 4. Thus, since the air introduced into the expansion
chambers expands, the flow velocity in the expansion cham-
bers is reduced. Since the flow velocity of the air is reduced,
the saturated vapor pressure is further reduced. This causes
oil and water to easily condense, increasing the mass of
particles of oil and water and allowing them to easily strike
the impingement plates.

A through hole (orifice hole) 30qa is formed at the upper
section of the partition wall 30. Thus, the partition wall 30
functions as an orifice, which controls the flow of air from
the primary expansion chamber 31 to the secondary expan-
sion chamber 32 by the orifice hole 30a. Also, a communi-
cation hole 33 is formed at the lower section of the partition
wall 30 in the vicinity of the opening portion 16. The
communication hole 33 permits the collected liquid sepa-
rated from the air and recovered to pass between the
expansion chambers 31, 32.

Furthermore, impingement plates 34, 35, which are
opposed to each other, are provided on both sides of the
partition wall 30 in the housing 4. The first impingement
plate 34 located toward the upstream end includes a first
upright plate 34a, which extends from the opening portion
16 of the housing 4 to the lid 19, and a first baffle plate 345,
which extends perpendicularly from the first upright plate
34a in the longitudinal direction of the housing 4 toward the
outlet 15. The first upright plate 34a includes a rectangular
first through hole 34¢, which extends in the widthwise
direction of the impingement plates 34, 35, at a position
lower than the joint to the first baffle plate 3454.

The second impingement plate 35 located toward the
downstream end includes a second upright plate 35a, which
extends from the opening portion 16 of the housing 4 to the
lid 19, and a second bafile plate 355, which extends per-
pendicularly from the second upright plate 35¢ in the
longitudinal direction of the housing 4 toward the inlet 14.
The second upright plate 35a includes a rectangular second
through hole 35¢, which extends in the widthwise direction
of'the impingement plates 34, 35 at a position upper than the
joint to the second baffle plate 355.

The first baffle plate 345 and the second baffle plate 356
project to obstruct the flow of air, and form an extremely
narrow section 36. The extremely narrow section 36 is a
narrow gap formed by arranging the wide surfaces of the
first baffle plate 345 and the second baffle plate 355 close to
each other. The first baffle plate 345 is located closer to the
lid 19 than the second baffle plate 356. The extremely
narrow section 36 increases the flow velocity of the air and
creates a meandering path, which further increases chances
for oil and water particles to strike the plates. This causes the
oil and the water to be further reliably separated from the air.
Furthermore, since the baffle plates 345, 355 are provided,
the oil and the water that have dropped while passing
between the first impingement plate 34 and the second
impingement plate 35 are prevented from being lifted or
stirred up by the air that passes between the first impinge-
ment plate 34 and the second impingement plate 35 and from
being carried downstream through the second through hole
35¢. Thus, the quantity of the collected liquid is prevented
from being reduced. Communication holes 33 are each
formed at the lower sections of the first impingement plate
34 or the second impingement plate 35 in the vicinity of the
opening portion 16. The communication holes 33 allow the
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liquid that has been separated from the air and recovered to
pass through the communication holes 33.

In the internal space of the primary expansion chamber
31, the pair of impingement plates 34, 35 is provided. A
urethane foam 38 such as a sponge is located between the
inlet 14 and the pair of impingement plates 34, 35. A
punched metal plate 37 in which bores are formed is
mounted on the side of the urethane foam 38 facing the
impingement plate 34. The urethane foam 38 traps the oil
and the water contained in the air.

The pair of impingement plates 34, 35 is also provided in
the internal space of the secondary expansion chamber 32.
A crushed aluminum member 39 is located between the pair
of impingement plates 34, 35 and the outlet 15. Punched
metal plates 37 in which bores are formed are respectively
mounted on the surfaces of the crushed aluminum member
39 facing the impingement plates 34, 35 and the outlet 15.
That is, the crushed aluminum member 39 is sandwiched
between the pair of punched metal plates 37. The crushed
aluminum member 39 traps the oil and the water contained
in the air.

Ribs 40, which increase the strength of the housing 4, are
each provided in the expansion chambers 31, 32. The
collected liquid storage portion 50 is provided with four ribs
52 for increasing the strength. The liquid communication
holes 46 of the liquid communication portion 45 are
arranged such that each of the expansion chambers 31, 32
has two of the liquid communication holes 46, and the liquid
communication holes 46 respectively correspond to the
urethane foam 38, the impingement plates 34, 35, and the
crushed aluminum member 39.

As shown in FIG. 4, the liquid communication portion 45
and the collected liquid storage portion 50 are detachable
with respect to the housing 4. That is, the liquid communi-
cation portion 45 is fitted to the opening portion 16 of the
housing 4, and the collected liquid storage portion 50 is
attached to the bottom face of the housing 4. Thus, the
collected liquid stored in the liquid communication portion
45 and the collected liquid storage portion 50 is easily
removed by dismounting the liquid communication portion
45 and the collected liquid storage portion 50 from the
housing 4.

As shown in FIG. 5, the collected liquid storage portion
50, which is attached to the lower part of the housing 4, is
hollow and is capable of storing collected liquid until the
liquid level of the collected liquid reaches the lower surface
of the liquid communication portion 45.

As shown in FIG. 6, columnar accommodation portions
23 for accommodating heating means, which are heaters 41
in this embodiment, are formed in each rib 52 of the
collected liquid storage portion 50 close to the bottom face
51. Insertion openings 24 for inserting the heaters 41 are
formed in the outer surface of the collected liquid storage
portion 50. The insertion openings 24 are each connected to
the associated accommodation portion 23. The heaters 41
are columnar and are each inserted in the associated accom-
modation portion 23 from the outer surface of the collected
liquid storage portion 50. Each heater 41 is connected to a
power supply.

Also, a mounting hole 25 for mounting a thermostat 42 is
formed in the outer surface of the collected liquid storage
portion 50 above each insertion opening 24. Each thermostat
42 is mounted to the associated mounting hole 25, and is
connected to a power supply 43 and the associated heater 41.
Each thermostat 42 detects the temperature of the collected
liquid storage portion 50, and controls heating of the asso-
ciated heater 41 based on the detected temperature. The
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water contained in the collected liquid that is stored at the
bottom face of the collected liquid storage portion 50 is
evaporated as much as possible by heating the collected
liquid storage portion 50 with the heaters 41 so that liquid
containing high concentration of oil is generated. Further-
more, by heating the housing 4 with the heaters 41, the oil
separator 3 is prevented from getting into a situation where
the collected liquid cannot be discharged through the drain
outlet 17 due to freezing of the collected liquid in cold
climate areas.

Operation of the above-mentioned oil separator will now
be described.

The air introduced from the inlet 14 into the primary
expansion chamber 31 passes through the urethane foam 38
while the oil and the water are trapped by the urethane foam
38, and then passes through the first through hole 34c¢ of the
first impingement plate 34 in the primary expansion cham-
ber 31. At this time, the oil and the water that have struck the
first upright plate 34a are separated from the air. The air that
has passed through the first through hole 34¢ flows toward
the extremely narrow section 36, which is formed by the first
baffle plate 345 and the second baffle plate 3554, and passes
through the extremely narrow section 36. At this time, the oil
and the water that have struck the second upright plate 354
and the second baffle plate 355 are separated from the air.

The liquid that contains the water and the oil trapped by
the urethane foam 38 moves through the urethane foam 38.
The collected liquid drops through the liquid communica-
tion hole 46 that is located below the urethane foam 38 into
the collected liquid storage portion 50, and is stored in the
collected liquid storage portion 50. The liquid that has struck
the first impingement plate 34 in the primary expansion
chamber 31 and separated from the air passes through the
communication hole 33 of the first impingement plate 34,
drops through the liquid communication hole 46 located
below the impingement plates 34, 35 into the collected
liquid storage portion 50, and is stored in the collected liquid
storage portion 50.

The air that has passed through the extremely narrow
section 36 passes through the second through hole 35¢ of the
second upright plate 35a toward the orifice hole 30a of the
partition wall 30, and passes through the orifice hole 30a. At
this time, the oil and the water that has struck the partition
wall 30 are separated from the air. The liquid that has struck
the second impingement plate 35 in the primary expansion
chamber 31 and separated from the air passes through the
communication hole 33 of the second impingement plate 35,
drops through the liquid communication hole 46 located
below the impingement plates 34, 35 into the collected
liquid storage portion 50, and is stored in the collected liquid
storage portion 50.

The air that has passed through the orifice hole 30a in the
partition wall 30 passes through the first through hole 34¢ of
the first upright plate 34a in the secondary expansion
chamber 32. At this time, the oil and the water that have
struck the first upright plate 34a are separated from the air.
The air that has passed through the first through hole 34c¢
flows toward the extremely narrow section 36, which is
formed by the first baffle plate 345 and the second baffle
plate 355, and passes through the extremely narrow section
36. At this time, the oil and the water that have struck the
second upright plate 354 and the second baflle plate 356 are
separated from the air.

The liquid that has struck the partition wall 30 and
separated from the air passes through the communication
hole 33 in the partition wall 30 and the communication hole
33 of the first impingement plate 34 in the secondary



US 9,656,198 B2

7

expansion chamber 32, drops through the liquid communi-
cation hole 46 located below the impingement plates 34, 35
into the collected liquid storage portion 50, and is stored in
the collected liquid storage portion 50.

The air that has passed through the extremely narrow
section 36 passes through the second through hole 35¢ of the
second upright plate 35a toward the crushed aluminum
member 39, and passes through the crushed aluminum
member 39. At this time, the air introduced into the crushed
aluminum member 39 passes through the crushed aluminum
member 39 while the oil and the water are further trapped by
the crushed aluminum member 39, and cleaned air that does
not contain oil is discharged to the outside from the outlet
15.

The liquid that has struck the first impingement plate 34
of the secondary expansion chamber 32 and separated from
the air passes through the communication hole 33 of the first
impingement plate 34, drops through the liquid communi-
cation hole 46 located below the impingement plates 34, 35
into the collected liquid storage portion 50, and is stored in
the collected liquid storage portion 50. The liquid that has
struck the second impingement plate 35 of the secondary
expansion chamber 32 and separated from the air passes
through the communication hole 33 of the second impinge-
ment plate 35, drops through the liquid communication hole
46 located below the impingement plates 34, 35 into the
collected liquid storage portion 50, and is stored in the
collected liquid storage portion 50. The liquid trapped by the
crushed aluminum member 39 moves along the interior of
the crushed aluminum member 39, and drops from the liquid
communication hole 46 located below the crushed alumi-
num member 39 into the collected liquid storage portion 50,
and is stored in the collected liquid storage portion 50.

The collected liquid stored in the collected liquid storage
portion 50 is heated by the heater 41. This evaporates the
water in the collected liquid. The collected liquid containing
a high concentration of oil is discharged from the drain
outlet 17. When removing the collected liquid stored in the
collected liquid storage portion 50, the inside of the col-
lected liquid storage portion 50 can be cleaned by dismount-
ing the collected liquid storage portion 50 from the housing
4.

The first embodiment provides the following advantages.

(1) The collected liquid storage portion 50 is located
below the expansion chambers 31, 32, which are connected
to the collected liquid storage portion 50 via the liquid
communication portion 45. This allows the separated oil and
water to move from the liquid communication portion 45 to
the collected liquid storage portion 50, which prevents the
liquid stored in the storage portion 50 from being raised.
Therefore, the separated oil and water is prevented from
being caught by the passing air.

(2) Oil and water contained in air strikes the impingement
plates 34, 35 to be removed from the air and also strikes the
partition wall 30, which divides the expansion chambers 31,
32 from each other, to be separated from the air. If the
partition wall 30 were not provided, only a small amount of
oil and water would be separated from air in the primary
expansion chamber 31, and a great amount of oil and water
would be separated from air in the secondary expansion
chamber 32. The partition wall 30, which is provided
between the primary expansion chamber 31 and the second-
ary expansion chamber 32, allows the respective expansion
chambers 31, 32 to evenly separate oil and water from air
and store the oil and water.

(3) Since the expansion chambers 31, 32 have the liquid
communication holes 46, the oil and water that has been
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separated from air in the expansion chambers 31, 32 is
allowed to move to the collected liquid storage portion 50
via the liquid communication holes 46 and to be stored
therein. Therefore, the oil and water that has been separated
from air in the expansion chambers 31, 32 can be recovered
and conducted to the collected liquid storage portion 50
without other expansion chambers in between.

(4) The mounting and dismounting mechanism including
the bolts 21 and the nuts 22 allows the collected liquid
storage portion 50 to be dismounted from the housing 4.
Thus, the collected liquid storage portion 50 can be cleaned
in a state dismounted from the housing 4. In particular,
removal of oil is easy when oil is adhered to the inner wall
of the collected liquid storage portion 50. Furthermore,
using a disposable collected liquid storage portion 50
improves the ease of maintenance.

(5) The mounting and dismounting mechanism, which
includes a fitting structure, allows the liquid communication
portion 45 to be dismounted from the housing 4. Thus, the
collected liquid communication portion 45 can be cleaned in
a state dismounted from the housing 4. In particular, removal
of oil is easy when oil is adhered to the inner wall of the
liquid communication holes 46 of the liquid communication
portion 45.

An oil separator according to a second embodiment will
now be described with reference to FIGS. 8 to 14.

As shown in FIG. 8, the air dryer 2 includes a cylindrical
case 121 having a vertically upper end closed, and a support
member 122, which closes the opening portion of the case
121 and supports the case 121. A purge air outlet 123, which
discharges purge air during regeneration of a desiccant, is
formed at the lower section of the support member 122. A
purge air discharge cover 124, to which a connecting hose
125 is connected, is attached to the purge air outlet 123. The
connecting hose 125 is connected to an oil separator 103. An
inlet (not shown), which introduces compressed air com-
pressed by the compressor 1, and an outlet (not shown),
which discharges dried compressed air, are formed in the
support member 122 of the air dryer 2.

The oil separator 103 includes a cylindrical housing
having a closed end and extending in the vertical direction,
which is a case 131 in this embodiment, and a lid 132, which
closes the opening portion of the case 131. A drain outlet 133
for draining the collected liquid that has been stored is
provided at a bottom portion 131a of the case 131. A drain
hose 134, which is used when removing the collected liquid,
is connected to the drain outlet 133. The lid 132 has an inlet
135 for introducing the purge air from the air dryer 2 through
the connecting hose 125, and an outlet 140 for discharging
cleaned air from which oil is separated. The inlet 135 and the
outlet 140 are formed separately. The inlet 135 and the
connecting hose 125 are connected to each other by a
coupling member 127.

A mounting member 137 is formed integrally with the lid
132 of the oil separator 103 to extend upright from the lid
132. The mounting member 137 is secured to a chassis 138
with bolts 139.

The distal end of the drain hose 134 is detachably
mounted to a support member 190, which is secured to, for
example, the chassis 138 of a vehicle. That is, a securing
member 191 is secured to the support member 190. A
one-touch coupler 192 is secured to the lower end of the
securing member 191. The one-touch coupler 192 allows the
distal end of the drain hose 134 to be attached to the securing
member 191 by a single operation. The drain hose 134 is
secured to the securing member 191 by inserting the distal
end of the drain hose 134 to the one-touch coupler 192, and
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is detached from the securing member 191 by manipulating
the one-touch coupler 192. The distal end of the drain hose
134 is attached to the securing member 191 to face vertically
upward.

An elbow member 160, which extends in the horizontal
direction and bends vertically upward, is screwed to the
outlet 140 of the oil separator 103. A drip preventing
member 170 and a cover 180 for preventing entry of foreign
matter are mounted on the distal end of the elbow member
160.

As shown in FIGS. 9 and 10, the lid 132 has the inlet 135
and the outlet 140, which are open toward the same direction
(rightward in the drawing). The inlet 135 and the outlet 140
are respectively provided on a horizontal surface. The con-
necting hose 125 is connected to the inlet 135 via the
coupling member 127. The elbow member 160 is connected
to the outlet 140. That is, the coupling member 127 and the
elbow member 160 are arranged next to each other.

As shown in FIG. 10, the lid 132 is a cylinder having a
vertically upper end closed. Two baffle plates 146 extend
from the inner wall of the lid 132 in the vicinity of the inlet
135 to be perpendicular to the flow direction of the purge air
introduced through the inlet 135. The internal space of the
lid 132 functions as a first expansion chamber 145, which
expands the purge air introduced from the inlet 135. The lid
132 has a communication section 132a, which connects the
inside of the case 131 to the outlet 140.

As shown in FIGS. 11 and 12, a disk-like cover 147,
which closes the case 131 and the opening portion of the lid
132, is provided between the case 131 and the lid 132. The
cover 147 and the case 131 are fastened to the lid 132 with
bolts 136. That is, the bolts 136 are tightened to threaded
bores 132¢ formed in a flange portion 1325 provided on the
lid 132. The bolts 136 and the threaded bores 132¢ function
as the mounting and dismounting mechanism. Furthermore,
threaded portions of the bolts 136 extend through through-
holes formed in a flange portion 1315 provided on the case
131. The cover 147 has through-holes through which the
threaded portions of the bolts 136 extend. Thus, threaded
portions of the bolts 136 extend through the through-holes of
the flange portion 1315 of the case 131 and the through-
holes of a flange portion 147a of the cover 147. The bolts
136 are then screwed to the threaded bores of the flange
portion 1324 of the lid 132 so that the lid 132, the cover 147,
and the case 131 are fastened together. The case 131 can be
dismounted from the lid 132 by removing the bolts 136 form
the threaded bores 132¢. The cover 147 has a communica-
tion hole 147¢, which connects the inside of the case 131 to
the outlet 140.

The space formed by the lid 132 and the cover 147
functions as the first expansion chamber 145. A cylindrical
accommodation member 148 having a vertically upper end
closed is secured to the cover 147 with bolts 136. The
accommodation member 148 accommodates a urethane
foam 150 such as a sponge. The urethane foam 150 functions
as an impingement member. A flange portion 148a and a
flange portion 1485 are formed at an upper edge and a lower
edge of the accommodation member 148. The bolts 136
extend through the flange portion 1484 formed at the upper
edge of the accommodation member 148 so that the accom-
modation member 148 is tightened to the cover 147. The
space formed by the cover 147 and upper surface of the
accommodation member 148 functions as a second expan-
sion chamber 151. The cover 147 has through holes 1475,
which connect the first expansion chamber 145 to the second
expansion chamber 151. Through holes 1494 are formed at
the center portion of an upper base 149 of the accommoda-
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tion member 148. The through holes 1475 of the cover 147
and the through holes 149a of the upper base 149 of the
accommodation member 148 are formed at positions that are
not opposed to each another. Through holes 148¢ are formed
at the lower end of the side face of the accommodation
member 148 to be spaced apart in the radial direction.

A disk-like support lid 152 is secured to the flange portion
1485, which is formed at the lower edge of the accommo-
dation member 148, with screws 153. The disk-like support
lid 152 supports the urethane foam 150 accommodated in
the accommodation member 148. The inner diameter of the
support lid 152 is substantially the same as the inner
diameter of the case 131. The space formed by the upper
base 149 of the accommodation member 148 and the support
lid 152 functions as a third expansion chamber 159. The
support lid 152 has through holes 1524, which permit the oil
and the water removed by the urethane foam 150 to drop.
Thus, the lower section in the case 131 functions as a
collected liquid storage portion 154.

A heating means for evaporating water in the collected
liquid by heating the stored collected liquid, which is a
heater 155 in this embodiment, is arranged in the collected
liquid storage portion 154. The heater 155 is inserted in the
case 131 from an insertion hole 156 formed in the side face
of the case 131. The heater 155 directly heats the collected
liquid stored in the collected liquid storage portion 154.
Heating of the heater 155 is controlled by a non-illustrated
thermostat.

As shown in FIG. 13 and FIG. 14, the elbow member 160
includes a horizontal part 161, which extends in the hori-
zontal direction, and a vertical part 162, which is continuous
with the horizontal part 161 and extends in the vertical
direction. An external thread portion 163, which is screwed
to an internal thread portion 140a of the outlet 140, is formed
at the proximal end of the elbow member 160. The external
thread portion 163 of the elbow member 160 is formed such
that tightening stops at a position where the distal end of the
elbow member 160 faces upward when the external thread
portion 163 is screwed to the internal thread portion 140a of
the outlet 140. An internal thread portion 164, to which the
drip preventing member 170 is screwed, is formed at the
distal end of the elbow member 160. When the collected
liquid flows into the elbow member 160, the vertical part
162 prevents the collected liquid from flowing to the outside.

A through hole 171, which connects the proximal end and
the distal end of the drip preventing member 170, is formed
inside the drip preventing member 170. Four division plates
172 are provided in the drip preventing member 170 to
prevent large foreign matter from entering the passage and
clogging the passage. The division plates 172 are formed to
extend in the axial direction at equal intervals in the cir-
cumferential direction. A cylindrical portion 173 is formed
at the center of the through hole 171 and at a position where
the division plates 172 intersect one another. An external
thread portion 174, which is screwed to the internal thread
portion 164 of the elbow member 160, is formed at the
proximal end of the drip preventing member 170. A drip pan
176, which receives liquid that drips from an opening
portion 175, is formed on the side face of the opening
portion 175 at the distal end of the drip preventing member
170 along the entire circumference. A return bore 177, which
returns the liquid received by the drip pan 176 to the through
hole 171, is formed at the bottom portion of the drip pan 176.
The return bore 177 extends from the drip pan 176 to the
through hole 171. Thus, the liquid that has dripped to the
drip pan 176 returns to the elbow member 160 through the
return bore 177.
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A columnar insertion portion 181, which is inserted in the
cylindrical portion 173 of the drip preventing member 170,
projects from the inside of the cover 180. A step 182 is
formed on the insertion portion 181. The step 182 deter-
mines the insertion position of the cover 180 with respect to
the drip preventing member 170. The cover 180 covers the
opening portion 175 of the drip preventing member 170. The
outer diameter of the cover 180 is smaller than the inner
diameter of the drip pan 176. Thus, the cleaned air that has
passed through the drip preventing member 170 is dis-
charged to the outside through the space between the open-
ing portion 175 of the drip preventing member 170 and the
inner surface of the cover 180.

Operation of the above-mentioned oil separator 103 will
now be described.

As shown in FIG. 8, the purge air discharged from the air
dryer 2 is introduced to the oil separator 103. The purge air
contains oil and water.

As shown in FIG. 10, the purge air introduced through the
inlet 135 strikes the baffle plates 146, is introduced into the
oil separator 103 along the baffle plates 146, and expands in
the first expansion chamber 145.

As shown in FIG. 11, the air expanded in the first
expansion chamber 145 enters the second expansion cham-
ber 151 via the through holes 1475 formed in the cover 147.
The air that has expanded in the second expansion chamber
151 enters the third expansion chamber 159 via the through
holes 149a of the upper base 149 of the accommodation
member 148. At this time, the oil and the water that have
struck the urethane foam 150 are separated from the air. The
liquid that contains the water and the oil trapped by the
urethane foam 150 moves through the urethane foam 150.
The liquid reaches the upper surface of the support lid 152,
drops from the through holes 1524 of the support 1id 152 into
the collected liquid storage portion 154, and is stored in the
collected liquid storage portion 154. The liquid that has
stored in the collected liquid storage portion 154 enters the
drain hose 134 from the drain outlet 133. The collected
liquid stored in the collected liquid storage portion 154 is
heated by the heater 155. This evaporates the water in the
collected liquid.

When the distal end of the drain hose 134 is detached
from the securing member 191, the atmospheric air flows
into the securing member 191, and the liquid in the drain
hose 134 is located at the same level as the collected liquid
in the collected liquid storage portion 154. Thus, the amount
of the collected liquid in the collected liquid storage portion
154 can be checked by visually checking the liquid in the
drain hose 134.

As shown in FIG. 12, oil and water are separated from the
air that has entered the third expansion chamber 159 from
the through holes 1494 of the upper base 149 of the
accommodation member 148. The air then enters the case
131 from the through holes 148¢ on the side face of the
accommodation member 148. The air that has entered the
case 131 passes through the communication hole 147¢ of the
cover 147 and the communication section 132a of the lid
132, flows into the elbow member 160 through the outlet
140, and is discharged to the atmosphere. Thus, the air that
has entered the case 131 hardly contacts the collected liquid
in the collected liquid storage portion 154, and is discharged
from the outlet 140. The air that is discharged from the outlet
140 is cleaned air that does not contain oil.

When discharging the collected liquid stored in the col-
lected liquid storage portion 154, the distal end of the drain
hose 134 is detached from the one-touch coupler 192 by
manipulating the one-touch coupler 192, and the distal end
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of the drain hose 134 is held lower than the surface of the
collected liquid in the collected liquid storage portion 154.
In this manner, the collected liquid is discharged from the
collected liquid storage portion 154.

When cleaning inside the case 131 or replacing the
impingement member, which is the urethane foam 150 in
this embodiment, the bolts 136 are removed from the
threaded bores 132¢ to dismount the case 131 and the cover
147 from the lid 132. The dismounted case 131 and the cover
147 can be cleaned. Furthermore, the screws 153, which
secure the support lid 152 to the accommodation member
148, are removed to take out the urethane foam 150 from the
accommodation member 148, and the urethane foam 150 is
replaced. After replacement, the support lid 152 is secured to
the accommodation member 148 with the screws 153, and
the bolts 136 are tightened to the threaded bores 132¢ of the
lid 132 so that the case 131 and the cover 147 are mounted
to the lid 132.

The second embodiment provides the following advan-
tages.

(1) The inlet 135 and the outlet 140 are provided in the lid
132, and the purge air introduced into the case 131 through
the inlet 135 moves vertically downward through the expan-
sion chambers 145, 151, 159, and cleaned air is discharged
from the outlet 140. The bolts 136 and the threaded bores
132¢, which serve as the mounting and dismounting mecha-
nism, allow the case 131 to be dismounted from and
mounted to the 1id 132. Thus, the housing is easily separated
by dismounting the case 131 from the lid 132.

(2) The inlet 135 and the outlet 140 are formed on a
horizontal surface of the lid 132. Since the inlet 135 and the
outlet 140 are not formed in the case 131, no tubes are
connected to the case 131. Thus, it is easy to dismount the
case 131 from the lid 132. Also, since no tubes are connected
to the upper surface or the bottom face of the lid 132 in the
vertical direction, the vertical length is prevented from being
increased.

(3) The heater 155 is inserted through the insertion hole
156, which is provided at the lower section of the case 131,
and the heater 155 directly heats the collected liquid. Thus,
the amount of collected liquid is reduced by evaporating the
water contained in the collected liquid. This reduces the
number of times the case 131 is dismounted from the lid 132,
and extends the life of the mounting and dismounting
mechanism. Furthermore, heat transfer from the heater 155
to the collected liquid is high, and the collected liquid is
efficiently heated as compared to a case in which the
collected liquid is indirectly heated.

The above described embodiments may be modified as
follows.

In the first embodiment, the sealing sheet 20 is provided
between the opening portion 18 of the housing 4 and the lid
19, but the sealing sheet 20 may be omitted. It is desirable
that the sealing between the opening portion 18 of the
housing 4 and the lid 19 be maintained.

In the first embodiment, the baffle plates 345, 355, which
extend to be perpendicular to the upright plates 344, 354, are
provided. However, as long as the extremely narrow section
36 is maintained, the baffle plates 345, 356 do not neces-
sarily have to be formed to be perpendicular to the upright
plates 34a, 35a.

In the first embodiment, the extremely narrow section 36
configured by the pair of baffle plates 345, 355 is provided.
However, an extremely narrow section formed by multiple
pairs of baffle plates may be provided.

In the first embodiment, the communication hole 33 is
formed at the lower section of the partition wall 30. How-
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ever, if the drain outlet 17 is formed in each of the expansion
chambers 31, 32, the communication hole 33 of the partition
wall 30 may be omitted.

In the first embodiment, the lid 19 restricts the movement
of the impingement plates 34, 35, the partition wall 30, the
urethane foam 38, and the crushed aluminum member 39.
However, as long as the impingement plates 34, 35, the
partition wall 30, the urethane foam 38, and the crushed
aluminum member 39 are secured, the lid 19 does not
necessarily have to restrict their movement.

In the first embodiment, the crushed aluminum member
39 is provided in the secondary expansion chamber 32, but
the urethane foam 38 may be provided instead of the crushed
aluminum member 39.

In the first embodiment, members are arranged in the
housing 4 in the order of the urethane foam 38, the impinge-
ment plates 34, 35, the partition wall 30 (the orifice hole
30a), the impingement plates 34, 35, and the crushed alu-
minum member 39. However, the arrangement of the mem-
bers may be changed, some of the members may be omitted,
some of the members may be increased, or a member may
be changed depending on the amount of oil and water
discharged from the air dryer 2 (the compressor 1).

In the first embodiment, providing the liquid communi-
cation holes 46 at positions where the urethane foam 38 and
the crushed aluminum member 39 contact the liquid com-
munication portion 45 promotes dropping of the collected
liquid, and prevents the collected liquid from being raised up
to the expansion chambers 31, 32.

In the first embodiment, the expansion chambers 31, 32
are arranged next to each other in the horizontal direction,
but may be arranged next to each other in the vertical
direction.

In the first embodiment, the inlet 14 is formed in the front
side 5, and the outlet 15 is formed in the rear side. However,
if there is a sufficient space in the vertical direction, the inlet
14 and the outlet 15 may be formed in the lid 19 on the top
face or the opening portion 16.

In the first embodiment, the heaters 41 are provided in the
ribs 52, but the heaters 41 may be provided at positions other
than the ribs 52.

In the configuration of the first embodiment, the number
of the heater 41 may be changed as required.

In the first embodiment, the size, or the capacity, of the
primary expansion chamber 31 and the secondary expansion
chamber 32 is substantially the same. However, the capacity
of the secondary expansion chamber 32 may be greater than
the capacity of the primary expansion chamber 31. In this
case, the saturated vapor pressure in the secondary expan-
sion chamber 32 is further reduced, allowing the oil and the
water to easily condense. This increases the mass of particles
of the oil and the water, allowing them to easily strike the
impingement plate. Thus, the secondary expansion chamber
32 stores more oil and water separated from the air than the
primary expansion chamber 31.

In the first and second embodiments, the oil separators 3,
103 are provided in the exhaust system of the air dryer 2,
which is downstream of the compressor 1 of the air system.
However, as shown in FIG. 7, the oil separators 3, 103 may
be provided downstream of the compressor 1 of the air
system and upstream of the air dryer 2. In this case, oil and
water are separated from the air containing lubricant in the
compressor 1, and cleaned air is supplied to the air dryer 2.
Thus, the desiccant in the air dryer 2 is prevented from being
deteriorated due to the oil.

In the first and second embodiments, the oil separators 3,
103 are provided in the air system including the air dryer 2
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in a vehicle such as trucks, buses, and construction
machines. However, the oil separators 3, 103 may be used in
any situation as long as these are for use in separating oil
from air containing oil and water. For example, the oil
separator may clean exhaust gas to the atmosphere from an
air dryer that dries compressed air in, for example, a plant.

In the second embodiment, as the mounting and dis-
mounting mechanism, the bolts 136 are tightened to the
threaded bores 132¢. However, other mounting and dis-
mounting mechanisms may be employed. For example, as
shown in FIG. 15, a clamp ring 110 may be employed as the
mounting and dismounting mechanism. The clamp ring 110
sandwiches the flange portion 1325 of the lid 132 and the
flange portion 1315 of the case 131 and tightens radially
inward. The clamp ring 110 includes a ring 111, which has
a U-shaped cross-section and sandwiches the flange portions
1324, 13154, a bolt 113, which tightens tightening portions
112 of the ring 111, and a nut 114. If the clamp ring 110 is
employed, the case 131 is easily mounted and dismounted
by only turning the bolt 113. Also, as shown in FIG. 16, a
recess-projection fitting structure may be employed as the
mounting and dismounting mechanism. Instead of the flange
portion 1315 of the case 131, a projection 115, which
projects inward of the case 131, is provided in the circum-
ferential direction, and instead of the flange portion 1325 of
the 1id 132, a recess 116 is provided. The case 131 is pressed
toward the 1id 132 so that the projection 115 of the case 131
is fitted to the recess 116 of the lid 132. The recess may be
provided in the case 131, and the projection may be provided
on the lid 132. If the recess-projection fitting is employed,
the case 131 is mounted on the 1id 132 only by fitting. Thus,
the case 131 is easily mounted and dismounted. Further-
more, a locking screw may be provided to prevent rotation
of the case 131 with respect to the lid 132.

In the second embodiment, the collected liquid is directly
heated by inserting the heater 155 through the insertion hole
156 into the collected liquid storage portion 154. However,
as shown in FIG. 17, an accommodation portion 157, which
accommodates the heater 155, may be formed in the case
131, and the case 131 may be heated. In this case, the water
contained in the collected liquid is evaporated, and the
amount of collected liquid is reduced. This reduces the
number of times the case is removed from the lid, and thus
extends the life of the mounting and dismounting mecha-
nism. Also, since the heater 155 does not contact the
collected liquid, the heater is prevented from being deterio-
rated due to the collected liquid.

In the second embodiment, the inlet 135 and the outlet
140 are respectively provided on a horizontal surface of the
lid 132, but the inlet 135 and the outlet 140 may be provided
on the surface facing in the vertical direction such as an
upper section of the lid 132.

In the second embodiment, the drain hose 134 is con-
nected to the drain outlet 133 of the case 131. However, the
drain hose 134 may be omitted, and the collected liquid may
be directly discharged from the drain outlet 133. In this case,
the drain outlet 133 is provided with a collected liquid flow
prevention member.

In the second embodiment, the first expansion chamber
145, the second expansion chamber 151, and the third
expansion chamber 159 are provided in the oil separator
103. However, at least one of the first expansion chamber
145, the second expansion chamber 151, and the third
expansion chamber 159 may be employed.

In the second embodiment, the drain hose 134 may be
calibrated.
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In the second embodiment, a member such as a nonwoven
fabric filter may be provided upstream or downstream of the
urethane foam 150, or in the expansion chambers 145, 151.
In this case, the removal rate of the oil component is
increased. Furthermore, the urethane foam 150 such as a
sponge or a member such as a nonwoven fabric filter may be
charged with static electricity. The members can be charged
with static electricity by a method such as utilizing the flow
of dried air from the dryer. Also, the urethane foam 150 such
as a sponge and the member such as a nonwoven fabric filter
may be formed of material that is electrically charged from
the beginning. In this case, the removal rate of the oil
component is further increased.

In the second embodiment, the urethane foam 150 is
employed as the impingement member, but other members
such as a crushed aluminum member may be employed.
Furthermore, instead of the expansion chamber having the
impingement member, just an expansion chamber without
the impingement member may be employed.

The invention claimed is:
1. A system comprising:
a compressor configured to compress air and to supply
compressed air;
an air dryer configured to dry the compressed air supplied
from the compressor and to supply dried compressed
air, the air dryer comprising a supplying line for sup-
plying the dried compressed air and an exhaust line for
discharging purge air; and
an oil separator connected to the exhaust line, the oil
separator comprising:
a housing including an inlet for introducing the purge
air from the air dryer; and
an expansion chamber provided in the housing,
wherein
the oil separator is configured to introduce the purge air
into the housing through the inlet to separate and
recover the oil from the introduced purge air,
the transverse cross-sectional area of the expansion cham-
ber is greater than the opening area of the inlet, and
the oil separator further includes
a collected liquid storage portion located below the
expansion chamber, wherein the collected liquid
storage portion is configured to store the separated
oil,
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a liquid communication portion having a communica-
tion hole that connects the expansion chamber and
the collected liquid storage portion with each other,
and

a mounting and dismounting mechanism for mounting
the collected liquid storage portion to and dismount-
ing the collected liquid storage portion from the
housing.

2. The system according to claim 1, wherein

the expansion chamber is a first expansion chamber

among a plurality of expansion chambers,

the first expansion chamber has an impingement plate,

the oil separator is configured to cause the introduced

purge air to strike the impingement plate to separate oil
from the introduced purge air, thereby recovering the
oil, and

the plurality of expansion chambers are divided from each

other by a partition wall.

3. The system according to claim 2, wherein each expan-
sion chamber of the plurality of expansion chambers has a
communication hole.

4. The system according to claim 1, wherein the liquid
communication portion is configured to be detachable with
respect to the housing.

5. An oil separator comprising:

a lid including an inlet for introducing purge air from an

air dryer and an outlet for discharging cleaned air;

a plurality of expansion chambers arranged next to one

another in a vertical direction;

a housing mountable to the lid; and

a mounting and dismounting mechanism for allowing the

lid to be detachable with respect to the housing,

wherein

the oil separator causes the purge air to flow into the

housing and strike an impingement member to separate

oil from the purge air, thereby recovering liquid con-
taining oil, and the oil separator discharges cleaned air,
and

a through hole, which permits the purge air introduced

through the inlet to flow vertically downward, is

formed between the expansion chambers.

6. The oil separator according to claim 5, wherein the inlet
and the outlet are provided on a horizontal surface of the lid.

#* #* #* #* #*



