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4 Claims. (CI, 123-196) 
The invention relates to apparatus or system 

for engine lubrication. 
The several objects of the invention are to pro 

vide lubricating apparatus of this type: with 
means for separating entrapped gases or air which 
may be drawn by the oil scavenging pump from 
the engine prior to its return to the supply tank 
for recirculation; with means for arresting surge 
pressures which may occur in the system to pre 
vent objectionable transitory or pulsating pres 
sures in the conduits; with combined means for 
separating the oil from the air, or gas in the 

O 

fluid and arresting surging in the fluid before the 
liquid oil is returned from the crankcase to the 
supply tank for recirculation; with means for sep 
arating the liquid oil from the air and gas in 
the fluid drawn by the oil-scavenging pump from 
a plurality of sumps in the crankcase of the en 
gine, either of which may run dry when the en 
gine is used on aircraft or military tanks which 
in their maneuvering are tilted at severe angles 
so that the oil in the crankcase will flow by grav 
ity to one end thereof while the other becomes 
dry; with means for delivering the gas or vapor 
separated from liquid oil to an air filter provided 
with an oil bath; with separator means which is 
efficient in separating the oil from the air and 
gas and in arresting the surge caused by the 
drawing of fluid from the wet and dry sumps; 
and which is reliable in its operation. 
Other objects will appear from the detailed de 

scription. 
The invention consists in the several novel fea 

tures which are hereinafter set forth and more 
particularly defined by claims at the conclusion 
hereof. 

In the drawings: 
Fig. 1 is a diagrammatic view of lubricating ap 

paratus embodying the invention, and an engine 
for which the apparatus is used. 

Fig. 2 is a side elevation of the separator. 
Fig. 3 is a vertical section taken on the line 
- of Fig.2. 
Fig. 4 is a plan of the separator. 
Fig. 5 is a section taken on the line 5-5 of 

Fig.2. 
Fig. 6 is a view partly in elevation and partly 

in section of the air or vapor discharge tube sep 
arator. 

Fig. 7 is a section taken on the line - of 
Fig. 6. 
The invention is exemplified with an internal 

combustion engine a of the opposed cylinder type 
which comprises a crankcase a provided with a 
depression at one of its ends forming an oil-sump 
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2 and with a similar oil-sump 22 at the opposite 
end. A carburetor b is connected to deliver a 
combustible mixture to an uptake b which ex 
tends upwardly through the crankcase and con 
ducts the mixture to the intake manifold. An 
air filter c is connected to the air intake of the 
carburetor and comprises an outer casing c, the 
lower end of which contains a column of oil, a 
central tubular member c which contains a fil 
tering medium c' such as steel wool, and has its 
lower end extended into the oil column and has 
its upper end communicatively connected to the 
air intake of the carburetor. An air inlet c is 
connected to the casing c above the oil column. 
Air is drawn by the suction in the carburetor, 
into the inlet c, through the oil-column in cas 
ing c, member c and filtering medium c. 
The lubricating system is of that type in which 

oil under pressure is drawn from a reservoir, 
forced under pressure through or around the 
bearings and parts to be lubricated, is then col 
lected in the crankcase, and returned, by a scav 
enging pump from the sump to the reservoir for 
recirculation. 
The lubricating apparatus Comprises a tank or 

container 0 for a supply of oil for lubrication; 
an engine-driven oil pump 2, usually of the 
gear-type, for drawing oil through a conduit i?, 
from the tank 0, and which has a sufficient ca 
pacity to discharge oil in excess of that required 
for pressure lubrication at all engine speeds; a 
conduit 5 having the necessary number of 
branches for delivering oil to all bearings and 
parts to be lubricated, and connected to the dis 
charge side of pump 2; a by-pass valve f4 which 
is spring-loaded so it is responsive to a predeter 
mined pressure in the conduit is, and will by 
pass the oil in excess of that desired for lubri 
cation, to a conduit f6, an oil cooler or radiator 
9, to which the oil flows from conduit 6; and a 
Conduit 20 for delivering, the oil from the radia 
tor 9 to the tank O. The oil from the bearings 
and parts lubricated drains. into and collects in 
the crankcase a of the engine, as well understood 
in the art. - 
The fluid which collects in the crankcase a 

is drawn from Sumps 2, 22 through conduits 23, 
25 by a duplex, engine-driven scavenging pump 
24 of the gear type. This fluid may include liq 
uid, air or gas, or a mixture of liquid and air 
or gas. Engines used on vehicles, such as air 
Craft or military tanks, are often tilted longitudi 
nally at severe angles during maneuvering. The 
sumps 2, 22 are provided at opposite ends of the 
crankcase so that the pump 24 will draw oil from 



3 
one or the other of the sumps. The pump 2 will, 
at times, draw air, gas or vapor either alone or 
mixed with oil, from one of the sumps. Since the 
scavenged fluid consists of oil and air or gas, 
which may vary in proportions, it is necessary 
to separate the liquid from the air or gas, for re 
circulation, and furthermore, surge-pressures or 
pulsations and foaming result in the scavenged 
fluid discharged by the pump, and may cause 
slugs to be produced in the discharge from said 
pump. Such surge-pressures, unless arrested, 
and such slugs, unless prevented, produce danger 
ous transitory pressures or impulses, which are 
likely to cause breaks in the conduits. The pres 
ence of substantial amounts of air and gas in the 
recirculated oil may also result in inefficient lubril 
cation of the bearings. The pumps 2 and 24 are 
constantly driven from the engine, as well under 
stood in the art, so they will always operate pro 
portionately to engine-speed. 
The apparatus of the invention includes a Com 

bined centrifugal separator and surge arrestor, 
generally designated 34 to which the mixed fluid 
scavenged from the sumps is delivered under pres 
sure by the duplex pump 24. 
The body of separator 3 comprises a convex 

bottom 42, a cylindrical side 44, and a convex top 
43. The tubular inlet 33, which receives fluid 
drawn from both sumps in the crankcase by the 
scavenging pump 24, is connected to the side wall 
44 below the top 43, and to deliver fluid tangen 
tially into the upper portion of the chamber 36 
in the separator body. The tubular outlet 35 is 
communicatively connected to the wall 44 of the 
separator body adjacent the bottom 42 to dis 
charge liquid tangentially from said wall. The 
tangential discharge of fluid under pressure into 
the separator body causes the oil, which is the 
heavier constituent of the fluid, to circulate 
around the inner side of the chamber 34a and 
to be subjected to centrifugal force, produces a 
vortex in the central portion of the body, some 
what as indicated by dotted lines in Fig. 3, and 
causes the air and gas to be separated from the 
liquid in the Space above the liquid column and 
in the vortex. The liquid-oil is discharged tan 
gentially from the lower portion of chamber 348 
in the separator and flows under pressure through 
the oil filter 18, conduit , radiator or cooler 19, 
and conduit 20 to the tank 0 for recirculation by 
the pump 2. 
A tube 48 in the top 43 of the separator body 

functions as an outlet for the air and gas sepa 
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wall 45. A drain plug 46 is connected to the 
bottom 3 of the separator body. The coupling 
nipple 5, which is provided with an outlet orifice 
56, is connected, by a conduit 40, to deliver the air 
or gas separated from the liquid to the top of 
tank . 
Due to the restriction of the fow of oil by the 

filter 8 and the cooler or radiator 9, the pres 
sure in the separator-chamber 36a must be 
greater than that in the tank 0 to cause the 
oil to flow to said tank. To maintain this dif 
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ferential of pressure, the restriction of the air. 
Or gas flow from the separator 34 to the tank 
o must be sufficient so that when the normal 
amount of air or gas from the scavenging pump 
2é is flowing through conduit 60 to tank G, the 
pressure drop necessary to force the amount of 
oil being delivered by pump 24 is at least equiva 
lent to that necessary to force the liquid oil dis 
charged from separator 34 through the oil-filter 
8 and radiator 8 with the oil-by-passed by the 

valve 4, to conduit f6. The pressure maintained 
in the separator 34 may be between 20 and 40 lbs. 
per square inch gauge pressure, varying with the 
engine speed, the pumps 2 and 24 being con 
stantly driven in proportion to the engine speed. 
The ratio of the air or gas and the oil in the 
mixed fluid delivered by the scavenging pump 24 
may also vary as the result of one of the sumps 
in the crankcase being temporarily dry. The 
tube 48 has a relatively large diameter, in prac 
tice substantially from 14' to 1%', with an in 
side volume of approximately 32 cubic inches, so 
that it will form a chamber of Substantial area, 
which will be filled with liquid before the latter 
can reach the discharge orifice 55, Since the 
flow restriction ratio of air to oil through the 
orifice 55, for example '' in diameter, is ap 
proximately 1 to 1000, the pressure in tube A8 

to will be greatly reduced due to the flow of oil in 

60 

rated from the liquid oil in the central and upper 
portions of chamber 34a. This tube 48 is fixed 
in a nipple 53 which is screw-threaded into a ring 
43 which is welded to the top 43. A cap 56 is 
Screw-threaded to the upper end of tube 48. A 
coupling-nipple 54 is screw-threaded into the 
cap 56 and is provided with a restricted orifice 
55 for limiting the outflow of air and gas from 
the separator body. The lower end 48 of tube 
48 is conoidal and has a small opening 50 in the 
apex of the conoidal portion. Two helical rows 
of apertures 49 are provided in the tube 8 above 
the conoidal portion 48a and below a transverse 
wall 45 which is fixed, for example by welding, to 
the cylindrical wall 44 of the separator body. 
Wall 45 forms the top of chamber 34 around the 
tube 48 and forms, below the top 3, a cushioning 
chamber 34 in the upper portion of the separator 
body and above the chamber 34. A pair of di 
tametrically opposite apertures 4 extend through 
Wall 45 to permit air to pass between chambers 
84 and 8. The tube 48 extends through the 
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stead of air through the perforations 49 in the 
tube 48. This lowering of the pressure in the 
tube 48 decreases the airflow and increases the 
time required before the liquid Will rise or flow 
through orifice 55. If the liquid level in the sepa 
rator continues to rise, it will compress the air 
or gas in the upper portion of tube 48, together 
with any other air from pump 24, to increase the 
pressure of the liquid in chamber 34a. This 
causes an increased flow of liquid through out 
let 35. Normally, this high-percentage oil-con 
dition is transitory and the percentage of gas 
in the fluid delivered by pump 24 is sufficient to 
prevent the level of liquid oil in the tube 48 from 
rising to the orifice 55. The gas or air released 
from the oil tends to push the oil downwardly 
and according to its percentage, will progressively 
open the perforations 49 from uppermost down 
ward, and the gas will bubble upwardly through 
the upper portion of the tube and the restricted 
orifice 55 while the oil in the tube 48 will grad 
ually flow downward through the apex aperture 
50 into chamber a for discharge through the 
outlet 35. 
The correct areas of apertures 49 and orifice 

55 may be best determined from a trial run for 
a 1.5 minute period. The size of apertures 49 
and orifice 55 can be varied until only a slight 
quantity of liquid oil Occasionally flows through 
conduit 40. This condition will indicate that 
Only liquid is flowing through the outlet 35 and 
that no foaming is present in tank O. It has 
been found that with an ordfice 55 ' in diame 
ter only a slight amount of liquid oil will flow 
through said orifice in a system flowing approx. 



imately 44 gallons per minute. Any liquid oil 
which flows through orifice S5 will be collected 
and recovered in tank O. 
Any surging which occurs in the fluid which is 

pumped into the separator will be arrested by 
the cushioning effect of the confined air or gas 
in chamber 34b, so that liquid and air will be dis 
charged from the separator in substantially even 
streams. This will also tend to break up any 
slugs in fluid discharged by the pump 24. Dan 
gerous transitory pressures are thus prevented in 
the conduits between the separator and the tank 
O and the filter and cooler. 
The space above the oil column in the supply 

tank ?o is connected by a conduit 4 to the air 
intake c3 of an air filter c. This air filter con 
prises a closed casing c1 containing an oil bath 
on its bottom, a tubular member c containing 
suitable filter material such as steel wool c'. The 
lower end of member c terminates, in the oil 
bath and its upper end is communicatively con 
nected to the air intake of, and subject to Suc 
tion fron, the carburetor b. The gas or vapor 
in the upper end of the supply tank O is drawn 
by the suction of the carburetor through the 
condit 4, mixed with the air entering the air 
inlet c, passes through the oil bath where the 
oil in the vapor or gas is separated from the air 
and retained to replenish the oil in the bath. 
The cleaned air passes through the material c 
to the intake of the carburetor. This draws the 
fumes or vapor from the supply tank 0 to the 
oil bath of the air filter so that the vapor and 
fumes will not contact with or condense upon 
the outside of the surrounding parts. This also 
prevents the collection of dust by the condensate 
on the parts of the vehicle around the engine. 
The operation of the apparatus will be as fol 

lows: The pump 2 draws oil from the tank O 
through the conduit and delivers it via the 
conduit 3, valve-casing 4, and conduit 5 and 
its branches 5 to the bearings and parts of 
the engine which require lubrication. The oil 
from the parts lubricated flows to the crankcase 
ai and into the sumps 2, 22. The pump 2 has 
a sufficient capacity to discharge oil in excess 
of the volume required for lubrication of the 
parts. The spring-loaded valve 4 maintains the 
desired pressure in conduits to the lubricated 
parts at varying engine speeds, and by-passes 

duit 6, the radiator 9 where this oil is cooled. 
The cooled oil flows through conduit 20 to the 
tank O. The scavenging nunn 24 draws the 
fluid, which may consist of oil and air or gas, from 
the sumps 2, 22 through pipes 23, 25 and forces 

- it through conduits 30, 3 to the tangential inlet 
33 of the separator 34. 
ing of the engine when used on a vehicle or 
aircraft, one branch of the pump 2 may draw 
mostly oil from one of the sumps and mostly air, 

On account of the tilt 
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the chamber 34. The oil is forced under suf 
ficient pressure through tangential outlet S to 
flow through conduit 38, oil filter 8, conduit , 
radiator 9, and conduit 20 to the upper portion 
of the oil tank O. The restriction of the air and 
gas by the orifice 55 results in a pressure drop 
to the tank O which is sufficient to permit the 
flow of oil from the separator through the oil 
filter 8 and cooler 9 with the by-passed oil from 
valve f4, to the tank O. 

Normally, at least the upper apertures 49 are 
open so that no liquid will flow therethrough to 
the upper portion of the tube 48. The liquid level 
in the separator and tube 48 may fluctuate. As 
the percentage of air and gas increases, the lice . 
uld level will drop and expose additional apertures 
49, which are preferably helically arranged, for 
the flow of air or gas from the chamber 34 
into the tube 48. As the liquid level rises, the 
compression of the air or gas will tend to in 
crease the pressure upon the liquid and its dis 
charge from the separator. This results in sep 
aration of the liquid from the gas and maintain 
ing a sufficient drop in pressure between the tube 
48 and the upper portion of the tank to for the 
delivery of the liquid-oil through the filter and 
cooler to the supply tank for recirculation. 
The scavenging pump, particularly while dis 

charging a high percentage of air or gas from 
one sump and a high percentage of oil from the 
other sump, may produce slugs or surging in the 
fluid entering and in the separator body. The 
chamber 34b into which the air and gas can flow 
through perforations 47, acts as a cushioning or 

35 

60 

SO 
the excess oil from the conduit 5 through con 
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or vapor from the other sump. The fluid dis 
charged by the duplex scavenging pump 24 may 
consist of intermingled oil, foam, air and vapor 
or slugs which will be delivered through the tan 
gential inlet 33 into the chamber 34 of the 
separator. This tangential delivery under pres 
sure to the cylindrical side wall 44, will cause 
the liquid to swirl around, and be subjected to 
centrifugal force in the chamber 34, and form O 
a vortex in chamber 34. The oil constituent of . 
the fluid, being of greater specific gravity than 
the air or gas, will be thrown against the side 
wall 44 and the air or gas will be separated from 
the liquid in the central and upper portion of 5 

expansion chamber for the air or gas Which ar 
rests the surging and breaks up the slugs of the 
liquid before it is discharged from the separator. 
This eliminates dangerous transitory pressures 
and impulses in the conduits, oil filter and cooler 
between the separator and the supply tank . 
The vapor or gas, or fumes therefron, which are 

delivered to the supply tank 0, are drawn by the 
suction of the carburetor b through the conduit 
4? and the air filter c so that no condensate will 
form on the conduits and on the parts of the ve 
hicle surrounding the engine. The oil in the va 
por drawn into the filter c will be trapped by the 
otl bath in said filter and replenish the oil drawn 
from the bath by the carburetor. 
The merging of the flow of the by-passed ex 

cess oil from valve 4 retards the flow of oil from 
the separator and filter to the cooler. 

It will be understood that the apparatus funr 
tions to continuously recirculate the oil from the 
supply tank to under pressure 
be lubricated. 
The invention exemplifies a lubricating appa 

to the parts to 

ratus for an internal combustion engine if which 
the lubricating oil is continuously recirculated 
from one or more sumps in the crankcase, the 
mixed air or gas and vapor from the crankcase 
are separated by centrifugal force, the separated 
oil is filtered and cooled before it is returned 
to the supply tank, the air, gas or vapor separated 
from the scavenged fluid is separately returned 
to the supply tank, and is separately removed 
therefrom by suction from the carburetor to 
replenish the oil bath maintained in the air filter. 
The invention also exemplifies a combined sep 
arating and surge arresting apparatus for the 
fluid scavenged from the crankcase which effects 
efficient separation of the constituents of the 
fluid and prevents dangerous transitory impulse 
pressures in the System. 
The invention is not to be understood as re 
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stricted to the details set forth, since these may 
be modified within the scope of the appended 
claims without departing from the spirit and 
scope of the invention. - 

Having thus described the invention, what 
claim as new and desire to secure by letters Pat 
ent is: 

1. A system for circulating oil for lubricating 
an internal combustion engine which is provided 
with an oil sump to which oil, flows from the 
parts lubricated and includes a container for a 
supply of oil and a carburetor, comprising a 
scavenging pump for drawing fluid containing liq 
uid and gas or air from the sump, a centrifugal 
separator for separating the air or gas from the 
liquid a said fluid, provided with a body con 
nected for receiving the fluid under pressure 
from the scavenging pump, means for conduct 
ing the separated oil from the separator to the 
container for recirculation, restricted flow means 
for delivering the air or gas from the separator 
to the container, and means for applying suction 
from the carburetor to the gas or vapor in the 
container for its removal therefrom 2. A system for circulating oil for lubricating 
an internal combustion engine which is provided 
with an oil sump to which oil flows from the parts 
lubricated and includes a container for a supply 
of oil and a carburetor, comprising a Scavenging 
pump for drawing fluid containing liquid and gas 
or air from the sump, a centrifugal separator 
for separating the air or gas from the liquid in 
said fluid, and provided with a body connected 
for receiving the fluid under pressure from the 
scavenging pump, means for conducting the sepa 
rated oil from the separator to the container for : 
recirculation, restricted flow means for delivering 
the air or gas from the separator to the Con 
tainer, an air filter of the oil-bath, type, con 
nected to the carburetor, and means for sucking 
the gas or vapor from the container to the air 
filter. 

3. A system for circulating oil for lubricating 
an internal combustion engine which is provided 
with an oil slump to which the oil flows from the 
parts lubricated and includes a container for a 
supply of oil and a pressure pump having a ca 
pacity for delivering oil in excess of that required 
for lubricating the parts, and with means for 
by-passing said excess oil, comprising: a scaV 
enging pump for drawing fluid containing liquid 
and air or gas from the sump, a centrifugal sepa 
rator for separating air or gas from the liquid 
and provided with a chamber connected to re 
ceive fluid under pressure from the scavenging 
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pump, an outlet for the separated liquid and a 
restricted Outlet orifice for the separated air or 
gas, a filter connected to receive oil from the sepa 
rator, an oil cooler connected to receive oil from 
the filter, means for conducting oil from the filter 
to the container, means for merging the by O 
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passed excess oil with the oil flowing from the fl 
ter to the cooler and retarding the flow of oil 
from the falter to the cooler, means for deliver 
ing the oil from the cooler to the container for 
recirculation, and means for conducting air or 
gas from the separator to the container. 

4. A system for circulating oil for lubricating 
an internal combustion, engine which is provided 
with an oil sump to which the oil flows from the 
parts lubricated and includes a container for a 
Supply of oil and a pressure pump having a ca 
pacity for delivering oil in excess of that required 
for lubricating the parts, and with means for 
by-passing said excess oil, comprising: a scave 
enging pump for drawing fluid containing liquid 
and air or gas from the sump, a centrifugal sepa 
rator for separating air or gas from the liquid 
and provided with a chamber connected to re 
ceive fluid under pressure from the scavenging 
pump, an outlet for the separated liquid and a 
restricted. Outlet orifice for the separated air or 
gas, a filter connected to receive oil from the sep 
arator, an oil cooler, means for conducting oil 
from the filter to the cooler, means for conduct 
ing the by-passed excess oil to the means for 
conducting oil from the filter to the cooler and 
retarding the flow of oil from the filter to the 
cooler, means for delivering the oil from the cool 
er to the container for recirculation, and means 
for conducting air or gas from the separator to 
the container. 
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