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(54) OIL SEPARATOR (57) ABSTRACT 

_ , . A system for extracting free oil from industrial processing 
(76) Inventor‘ Gene Hlrs’ A?anns’ FL (Us) ?uids contains a solids retention cartridge having a plurality 

Correspondence Address_ of vertically oriented polymeric elements therein. The car 
' tridge ?uidly communicates With a retention chamber, 

A?DAEs’ PLLC Wherein the retention chamber provides a predetermined 
PMB 403 residence time based on ?uid ?oW as established by inlet and 

outlet pressure and also as established by valved ?uid exit 
MILFORD’ MI 48381 (Us) ori?ces. An aggregation chamber ?uidly communicates With 

_ the retention chamber and provides an area for aggregation 21 A l. N .. 11/049 498 
( ) pp 0 ’ of a loW density ?uid such as oil for example. The loW 
(22) Filed. Feb 2 2005 density ?uid is then decanted from a decant chamber. The 

’ puri?ed bulk ?uid is drained from the retention chamber 
publication Classi?cation through an associated return chamber. The average cross 

sectional area of the aggregation chamber is less than the 
(51) Int, Cl, average cross-sectional area of the retention chamber 

B01D 17/00 (200601) thereby enhancing the aggregation of a loWer density ?uid 
(52) us. Cl. .................. .. 210/802; 210/521; 210/DIG. 5 such as Oil, pn'or to decant 
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OIL SEPARATOR 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates generally to liquid 
puri?cation systems and more particularly to a system for 
removing free oil, calcium soaps, reverse phase emulsions, 
bacterial by-products, and/or oxidizer particulates and/or 
other contaminants from aqueous ?uid mixtures utiliZed in 
industrial machining applications. It is believed that these 
contaminants contribute to the blinding or plugging of 
various ?lters employed in the coolant system, cartridge 
?lters for example. 

[0002] Industrial machining operations generally require 
the use of coolants to lubricate and cool tools to prevent 
damage thereof due to excessive heat. Typically, a coolant 
comprises an oil-in-Water emulsion or an aqueous mixture 
Wherein Water is the continuous phase, oil is the disperse 
phase, and soap is the emulsifying agent. 

[0003] The emulsion is stabiliZed by electro-mechanical 
forces Which are Weakened or destroyed by contaminants in 
the form of metallic ions, free oil and bacterial action. The 
primary culprit in coolant deterioration is free or “tramp” oil 
Which not only attracts the undesirable contaminants and 
abrasive colloidal solids, must be removed to maintain the 
stability and equilibrium of the emulsion. Moreover, abra 
sive colloidal solids, often found suspended in the emulsion, 
cause a decline in the quality of the coolant and blockages 
in coolant ?lters. 

SUMMARY OF THE INVENTION 

[0004] The aforesaid problems are solved, in accordance 
With a preferred constructed embodiment of the present 
invention, by an oil or ?uid separator that removes free oil 
(tramp oil) or loW density ?uid from an aqueous oil-in-Water 
emulsion or other mixture, respectively. The ?uid separator 
is placed doWnstream of the machining process or other 
process to accept the contaminated ?uid produced during the 
machining operation. The preferred embodiment contem 
plates the use of the oil separator in association With a bulk 
aqueous ?uid containing tramp oil. The present invention 
may in fact be utiliZed With any bulk ?uid containing at least 
tWo liquids with different densities, Where separation of the 
tWo is desired. 

[0005] The oil separator of the present invention contains 
a housing having a ?rst and a second end for containment of 
other constituents of the separator. A bulk ?uid inlet com 
municates With the interior of the housing. An inner Wall is 
de?ned by the housing and de?nes several chambers 
described beloW. A distribution chamber is contained Within 
the housing and ?uidly communicates With the bulk ?uid 
inlet. A plurality of vertically oriented polymeric elements 
?uidly communicates With the distribution chamber for 
coalescence of contaminants entrained Within the bulk ?uid. 
In a coolant application, oleophilic surface attraction 
betWeen the polymeric elements and oil covered solids in the 
bulk coolant attracts and binds the oil-covered solids to the 
Walls of the vertically oriented elements Where coalescence 
or aggregation of tramp oil occurs. In operation, bulk ?uid 
enters at a ?rst end of the plurality of polymeric elements 
and exits at a second end of the plurality of elements. 

[0006] A retention chamber is contained Within the hous 
ing and ?uidly communicates With the second end or ?uid 
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exit of the plurality of polymeric elements, for retention of 
bulk ?uid and for phase separation of liquids of different 
densities. The cross-sectional area of the retention chamber 
is progressively reduced from the second end of the poly 
meric elements toWards the second end of the housing, 
thereby enhancing the aggregation or coalescence of oil or 
any other less dense ?uid Within the bulk ?uid. 

[0007] A return chamber is also contained Within the 
housing and ?uidly communicates With the retention cham 
ber. Bulk ?uid is returned after a period of retention Within 
the retention chamber. At least one return port de?nes the 
inlet to the return chamber and is positioned Within the 
retention chamber Wherein bulk ?uid is essentially drained 
to a loWer point in the housing. A return conduit contained 
Within the return chamber functions as a puri?ed bulk ?uid 
drain. A bulk ?uid outlet is gravitationally positioned Within 
the housing to provide gravitational release of the bulk ?uid. 
The bulk ?uid is then returned back to the main system. 

[0008] An aggregation chamber is located proximate to 
the smallest cross-sectional area of the retention chamber 
and ?uidly communicates thereWith, Wherein oil globules or 
any other relatively less dense ?uid is concentrated and then 
valved to Waste. A decant valve or outlet ?uidly communi 
cates With the aggregation chamber and may be continu 
ously opened or may be opened based on timed intervals, for 
example. A vent to atmosphere is provided in the aggrega 
tion chamber thereby venting the separation system or 
housing and facilitating the return of the bulk ?uid Without 
the creation of a siphon or vacuum. 

[0009] By adjusting a ?uid inlet valve that controls coolant 
?oW into the inlet plenum or distribution chamber, coolant 
?oW through the separator may be limited such that the total 
?uid ?oW through the secondary settling chamber is ?ve to 
ten percent of the total ?oW through the entire system. This 
?oW limitation alloWs for maximum e?iciency in Waste oil 
separation and decanting. Furthermore, the use of ?oW 
limited multistage gravitational separation eliminates the 
necessity of employing a surface skimmer to remove Waste 
oil from the surface of the aqueous mixture. Known in the 
art surface skimmers often suffer from the disadvantage that 
they remove large quantities of coolant mixture from the 
system, in addition to surface resident Waste oil, thereby 
providing for ine?icient oil separation. 

[0010] One embodiment of the present invention may 
therefore be considered a liquid treatment system for a bulk 
?uid. The system contains a housing comprising an inlet and 
an outlet, and a bottom end and a top end. An inner Wall is 
de?ned by the housing, Wherein the inner Wall de?nes an 
interior of the housing. A solids retention cartridge compris 
ing a plurality of vertically oriented spaced polymeric ele 
ments (preferably tubes), has a top end, and a bottom end 
Wherein the plurality of vertically oriented polymeric ele 
ments ?uidly communicates With an inlet/inlet chamber at 
the bottom end of the cartridge. A retention chamber is 
contained Within the housing and has an average cross 
sectional area. A portion or aggregation chamber de?ned 
Within the retention chamber has a decreasing cross-sec 
tional area as the chamber is de?ned from a bottom end to 
a top end, thereby assisting in the agglomeration of oil from 
an aqueous-based ?uid for example. The retention chamber 
?uidly communicates With the vertically oriented polymeric 
elements at the top end of the cartridge, Wherein bulk ?uid 
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?oWs through said cartridge and into said retention chamber 
thereby facilitating separation of a plurality of ?uids from 
said bulk ?uid based on a difference in relative densities of 
each of said plurality of ?uids. A bulk ?uid release Weir may 
be formed about the inner Wall of the retention chamber for 
release of the bulk ?uid. 

[0011] In accordance With the present invention, the 
aggregation chamber Within the housing has an average 
cross-sectional area Wherein the aggregation chamber in 
?uidly communicates With the retention chamber Wherein 
the aggregation chamber coalesces or agglomerates at least 
one of said plurality of ?uids having a relatively loWer 
density than the bulk ?uid. An oil or coalesced ?uid outlet 
?uidly communicates With the aggregation chamber for 
discharge of the coalesced ?uid such as oil. Aretum chamber 
contains a return plenum formed betWeen the Weir and the 
inner Wall, Wherein the return chamber ?uidly communi 
cates With the housing outlet. 

[0012] During operation of the liquid treatment system a 
bulk ?uid such as aqueous-based coolant is introduced 
through the inlet, then into the inlet chamber. It then is 
directed upWardly through the solids retention cartridge or 
polymeric tubes for retention of solids Within the bulk ?uid. 
The ?uid is then directed into the retention chamber for a 
predetermined residence time Whereby the aggregated ?uid 
having a relatively loWer density, tramp oil for example, is 
concentrated Within the aggregation chamber. The tramp oil 
or Waste ?uid is then drained through a decant chamber 
through the loW density ?uid outlet, and, the bulk ?uid is 
drained from the return chamber. 

[0013] In sum, one object of the instant invention is to 
provide an oil separator that maximizes the collection and 
decantation of a greater concentration of Waste oil than 
knoWn oil separators. 

[0014] A further object of the present invention is to 
provide an oil separator that decants Waste oil Without 
employing ine?icient surface skimmers. 

[0015] These and other bene?ts of the invention Will be 
apparent from the folloWing description. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] FIG. 1 is a sectional vieW of a preferred con 
structed embodiment of the present invention. 

[0017] FIG. 2 is a sectional vieW of the preferred embodi 
ment of FIG. 1, taken along the line 2-2. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

[0018] As shoWn in FIGS. 1 and 2, a system 10 for 
separating oil from an aqueous ?uid mixture, such as an 
industrial coolant emulsion for a machining process, 
includes a housing 12 having a ?rst or top end 14 and a 
second or bottom end 16. An inner Wall 18 constitutes an 
inner periphery of the housing 12. The separating system of 
the present invention includes an oil-coalescing cartridge 20 
that is especially suited for acceptance of an industrial 
aqueous-based ?uid that typically includes oil and oil 
covered ?nes or solids. A bulk ?uid inlet 22 is preferably 
provided With an inlet valve 24 Which may be utiliZed to 
adjust the total ?uid ?oW into the separator or system 10. An 
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inlet plenum or distribution chamber 26 Within the housing 
12 and proximate bottom end 16, ?uidly communicates With 
the bulk ?uid inlet 22. The solids or ?nes coalescing 
cartridge 20 contains a plurality of vertically oriented poly 
meric elements 28 positioned Within the housing 12 such 
that the entering ?uid ?oWs upWardly from the inlet plenum 
26 and through the cartridge 20. As the ?uid 30 ?oWs 
upWardly, tramp oil-covered particles adhere and aggregate 
along the surface of the vertical polymeric elements 28 
thereby reducing the contaminant load Within the bulk ?uid 
30. In a preferred constructed embodiment of the present 
invention the oil coalescing cartridge 20 is comprised of a 
plurality of spaced polymeric elements 28, for example 
high-density polyethylene tubes 4 to 5 feet in length, 
arranged vertically Within the housing 12. 

[0019] The cartridge 20, or the polymeric elements 28 
collectively, has a ?rst or top end 32 and a second or top end 
34. In operation, bulk ?uid 30 enters at the ?rst end 32 of the 
plurality of polymeric elements 28 and exits at a second end 
34 of the plurality of elements 28. A retention or settling 
chamber 36, proximate the second end 34 of the cartridge 
20, ?uidly communicates With the polymeric elements 28. 
The bulk ?uid 30 then resides Within the retention chamber 
36 for a predetermined amount of time, particularly depen 
dent on the amount of ?uid permitted past inlet valve 24. 
While in the retention chamber 36, the aqueous solution, 
Water, and oil present in the aqueous-based bulk ?uid 30 
separates into respective phases. The cross-sectional area 38 
of the retention chamber 36 is progressively reduced from 
the second end 34 of the polymeric elements 28 toWards the 
top end 14 of the housing 12, thereby enhancing and 
facilitating the aggregation or coalescence of oil or any other 
less dense ?uid Within the bulk ?uid 30. In a preferred 
embodiment, the retention chamber 36 is conically struc 
tured for at least a portion of the total retention chamber 36. 
Accordingly, the overall housing 12 is preferably either 
cylindrical or conical in shape and therefore de?nes variable 
circumferences about the inner Wall 18. 

[0020] A return chamber 40 is also contained Within the 
housing 12 and ?uidly communicates With the retention 
chamber 36, Whereby bulk ?uid is returned after a period of 
retention Within the retention chamber 36. At least one return 
port 42 de?nes the inlet to the return chamber 40 and is 
positioned Within the retention chamber 36 Wherein bulk 
?uid 30 is essentially drained to a loWer point in the housing 
12. A return conduit 44 contained Within the return chamber 
40 functions as a bulk ?uid drain. A bulk ?uid outlet 46a is 
gravitationally positioned Within the housing 12 to provide 
gravitational release of the bulk ?uid 30. The bulk ?uid 30 
is then returned back to the main system 10. 

[0021] An aggregation chamber 48 is located proximate to 
the smallest cross-sectional area of the retention chamber 36 
and ?uidly communicates thereWith, Wherein oil globules or 
any other relatively less dense ?uid is concentrated and then 
valved to Waste. A second outlet or Waste ?uid decant valve 
50 ?uidly communicates With the aggregation chamber 48 
and may be continuously opened or may be opened based on 
timed intervals, for example. A vent 52 to atmosphere is 
preferably provided in the 48 aggregation chamber thereby 
venting the separation system 10 or housing 12 and facili 
tating the return of the bulk ?uid 30 Without the creation of 
a siphon or vacuum. 
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[0022] In yet another aspect of the invention, an annular 
Weir 54 is preferably formed about the inner Wall 18 of the 
periphery of the retention chamber. As shoWn in the ?gures, 
the bulk ?uid 30 may be channeled back to the core return 
chamber 40 or return conduit 44 through a plurality of 
radially extending channels 56, and then drained through the 
return chamber 40 to a bottom-most drain in the housing. 

[0023] Or, in another embodiment (not shoWn), the puri 
?ed ?uid 30 may be drained to the bulk ?uid system through 
at least one and if desired, a plurality of bulk ?uid exit 
ori?ces 46b formed in the housing 12 adjacent the annular 
Weir 54. As ?uid is introduced to the retention chamber 40, 
?uid then ?oWs over the annular Weir 54 and is discharged 
immediately through the plurality of ?uid exit ori?ces 46b in 
the housing. Or, in yet another embodiment, the ?uid may be 
channeled from the annular Weir 54 to the core return 
chamber 40 for discharge to the system. 

[0024] Or, in yet another embodiment (not shoWn), the 
puri?ed ?uid 30 may be drained doWn at least one axial 
conduit or channel 58 formed betWeen the inner Wall 18 and 
the cartridge 20, and then directed in an axially opposite 
direction through a second annular axial channel 60 toWard 
the top end 14. The annular axial channel 60 ?uidly com 
municates With the return chamber 40 Whereby the bulk ?uid 
30 is ?nally directed in an axially opposite direction toWard 
the bottom end 16 and out at least one bulk ?uid outlet 460. 

[0025] In sum, the present invention may be generically 
described as a liquid treatment system for a bulk ?uid system 
comprising a bulk ?uid having a relatively greater density 
and at least one second ?uid having a relatively lesser 
density. The liquid treatment system contains a housing 
including a top end and a bottom end; a bulk ?uid inlet in 
?uid communication With the housing for introduction of a 
bulk ?uid to the system; a plurality of polymeric elements 
vertically oriented in the housing and ?uidly communicating 
With the bulk ?uid inlet Wherein the bulk ?uid passes 
through the plurality of polymeric elements for aggregation 
of ?nes and solids; a retention chamber for retention of the 
bulk ?uid, the retention chamber at least partially formed as 
a conical section Wherein a cross-sectional area of the 
retention chamber is decreased toWard the top end thereby 
facilitating aggregation of the second ?uid having a rela 
tively lesser density ?uid, Wherein bulk ?uid ?oWs from the 
plurality of polymeric elements into the retention chamber; 
and a return chamber in ?uid communication With the 
retention chamber, Wherein the return chamber contains at 
least one bulk ?uid outlet. 

[0026] Bene?ts attendant to the present system 10 include 
maximiZed tramp oil removal, simpli?ed assembly of the oil 
separator 10, and/or reduction and/or elimination of elec 
tronic controls attendant to the oil separation process. 

[0027] Although the preferred embodiments of the instant 
invention have been disclosed in detail, it Will be appreciated 
by one of ordinary skill in the art that the various structural 
and operational features herein disclosed are susceptible to 
modi?cation Without departing from the scope of the fol 
loWing claims. 

1. A system for separating oil from an aqueous-based 
?uid, said system comprising: 

a housing comprising a top end and a bottom end; 
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a bulk ?uid inlet in ?uid communication With said hous 
ing at said bottom end for introduction of a bulk ?uid 
to said system; 

a plurality of polymeric tubes vertically oriented in said 
housing and ?uidly communicating With said bulk ?uid 
inlet Wherein said bulk ?uid passes through said plu 
rality of polymeric tubes for aggregation of contami 
nants; 

a retention chamber positioned Within said housing and in 
?uid communication With said plurality of polymeric 
tubes for retention of said aqueous-based ?uid, said 
retention chamber having a cross-sectional area 
decreasing in siZe toWard said top end thereby facili 
tating aggregation of oil, Wherein aqceous-based ?uid 
?oWs from said plurality of polymeric tubes into said 
retention chamber; 

a return chamber in ?uid communication Wish said reten 
tion chamber, Wherein said return chamber comprises 
at least one ?uid outlet; 

a Weir formed Within the housing and about the retention 
chamber, said Weir in ?uid communication With said 
return chamber, and 

a central plenum formed Within said return chamber, said 
central plenum in ?uid communication With said Weir 
and said retention chamber, 

Wherein aqueous-based ?uid ?oWs from the retention 
chamber over the Weir and into the return chamber, then 
into and through the central plenum and then through 
said outlet. 

2. (canceled) 
3. The system of claim 1 Wherein said return chamber 

further comprises: 

at least one ?uid conduit in ?uid communication With said 
central plenum; and 

a drainage chamber in ?uid communication With said at 
Least one ?uid conduit, said drainage chamber in ?uid 
communication With said bulk ?uid outlet. 

4. (canceled) 
5. The system of claim 12 Wherein said return chamber 

further comprises a plurality of ?uid exit ori?ces. 
6. The system of claim 12 Wherein said at least one ?uid 

exit ori?ce is valved to provide a variable discharge rate. 
7. The system of claim 5 Wherein said return chamber 

further comprises a plurality of valves, each one of said 
plurality of valves corresponding to a respective ?uid exit 
ori?ce of said plurality of ?uid exit ori?ces, Wherein said 
valves provide a variable ?oW rate. 

8. The system of claim 1 further comprising a vent in the 
housing for preventing a vacuum Within the housing. 

9. A method of separating tramp oil from an aqueous 
based ?uid, the method comprising the steps of 

forming a housing having a retention chamber formed 
Within the housing, Wherein the retention chamber is at 
least partially formed to have a narroWing section 
having a reduction in cross-sectional area from a bot 
tom end to a top end; 

positioning a plurality of vertically oriented polymeric 
elements Within the housing and in ?uid communica 
tion With the retention chamber; 
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providing an inlet of the housing in ?uid communication 
With the plurality of polymeric elements; 

providing a return chamber in ?uid communication With 
said retention chamber, Wherein said return chamber 
comprises at least one ?uid outlet; 

providing a Weir Within the housing, said Weir extending 
about the retention chamber, said Weir in ?uid com 
munication With said return chamber; 

providing a central plenum formed Within said return 
chamber, said central plenum in ?uid communication 
With said Weir and said retention chamber, 

introducing an aqueous-based ?uid to the inlet of the 
housing; 

passing the agneous-based ?uid through the pluality of 
polymeric elements; 

directing the aqueous-based ?uid into the retention cham 
ber for coalescence of trump oil; and 

coalescing the tramp oil Within the narroWing portion of 
the retention chamber. 

10. The method of claim 9 further comprising the steps of: 

discharging the bulk ?uid from the retention chamber 
through at least one bulk ?uid outlet in ?uid commu 
nication thereWith; and 

discharging the coalesced tramp oil from the housing. 
11. The method of claim 10 Wherein the step of discharg 

ing the bulk ?uid from the retention chamber comprises the 
step of directing the ?uid from the retention chamber over 
the Weir and into the return chamber, then into and through 
the central plenum and then through said bulk ?iud outlet. 
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12. A system for separating oil from an aqueous-based 
?uid, said system comprising: 

a housing comprising a top end and a bottom end; 

a bulk ?uid inlet in ?uid communication With said hous 
ing at said bottom end for introduction of a bulk ?uid 
to said system; 

a plurality of polymeric tubes vertically oriented in said 
housing and ?uidly communicating With said bulk ?uid 
inlet Wherein said bulk ?uid passes through said plu 
rality of polymeric tubes for aggregation of contami 
nants; 

a retention chamber positioned Within said housing and in 
?uid communication With said plurality of polymeric 
tubes for retention of said aqueous-based ?uid, said 
retention chamber having a cross-sectional area 
decreasing in siZe toWard said top end thereby facili 
tating aggregation of oil, Wherein aqueous-based ?uid 
?oWs from said plurality of polymeric tubes into said 
retention chamber; 

a return chamber in ?uid communication With said reten 
tion chamber, Wherein said return chamber includes at 
least one ?uid outlet a Weir formed Within said housing 
and about said retention chamber for return of the bulk 
?uid, and at least one ?uid exit ori?ce formed in said 
housing adjacent said Weir, Wherein bulk ?uid is dis 
charged from said housing through said at least one 
?uid exit ori?ce. 


