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UNITED STATES PATENT of FICE 
2,432,130 

OL. CIRCULATING AND FEEDNG SYSTEM 
John J. Serrell and Leo D. Jones, Philadelphia, 
Fa assignors to The Sharples Corporation, 
Philadelphia, Pa., a corporation of Delaware 
Application July 4, 1942, Serial No. 449,830 

(C. 184-6) 9 Claims, 

The present invention pertains to a centrifugal 
apparatus for deaerating liquids and to the Com 
bination of such an apparatus with other features 
of a lubrication system. While features of the 
invention may be used in a variety of applica 
tions, they will be described for purposes of illus 
tration and convenience in their relation to the 
lubricating System of an aviation engine, since 
that is the purpose for which they were originally 
conceived. 
The lubricating System of an airplane engine 

Consists of an oil storage tank, a conduit from 
the storage tank to the engine, a feed pump on 
Or in the engine for pumping oil to the various 
parts of the engine to lubricate it, a Sump in the 
engine into which the oil drains from the vari 
OuS parts Of the engine, a SCaVenge pump for 
pumping oil from the sump, a conduit from the 
SCaVenge pump to an oil cooler, an oil cooler and 
a conduit back to the oil storage tank. The sys 
ten may include additional items such as a relief 
Valve to by-paSS oil around the cooler under cer 
tain conditions, a thermostatic valve for accom 
plishing this same purpose, and/or a centrifugal 
Separator for purifying the oil after use, but the 
elements discussed above are the essential ones, 
insofar as the system of the present invention is 
concerned. 
The Scavenge pump ordinarily has a displace 

ment from two to three times as great as the oil 
feed rate of the feed pump in the case of radial 
engines, and in the case of in-line engines, there 
are usually two Scavenge pumps, one at each end 
of the crank-cases, each of these pumps having 
a displacement at least twice as great as that 
of the feed pump. This relationship of capacities 
between the scavenge pump or pumps and feed 
pump is necessary to insure the continuous re 
moval of all of the oil which drains into the sump. 
A necessary incident to this relationship, however, 
is the fact that vapor from the crankcase is 
pumped by the scavenge pump or pumps together 
With the oil through the oil cooler and into the 
Storage tank. The pumping of this vapor through 
the oil cooler increases the drop in pressure 
through the cooler and the load on the scavenge 
pump or pumps, and complicates the problem of 
Cooling the oil. The pressure drop through the 
cooler causes finer dispersion of the vapor and 
thus aggravates the foaming problem to be dis 
CuSSed hereinafter. 
The vapor carried into the oil stream through 

the Scavenge pump also complicates the problem 
of introducing the oil into the storage tank. If 
the oil containing this vapor is introduced 

O 

S 

beneath the surface of the oil already in the tank, 
the vapor passes upwardly through the body of oil 
and causes a foam. If, on the other hand, the 
oil containing the vapor is introduced above the 
level of the oil in the storage tank, the resulting 
splashing also causes foam. 
The presence of the vapor in the oil from the 

scavenge pump adds to the difficulty of solving 
two other problems. The first of these is the feed 
of oil to the feed pump when flying at high ele 
wation. The main difficulty here is the lack of 
atmospheric pressure to force oil from the stor 
age tank to the inlet of the feed pump. This dif 
ficulty is aggravated by the air bubbles entrained 
in the oil, since these air bubbles seriously im 
pair flow of oil to the feed pump at high eleva 
tions. Another problem is that of feed of oil to 
the feed pump in maneuvers which cause a nega 
tive 'G' in the plane, such as flying inverted and 

20 performing outside loops. Here again the natural 
problem caused by these maneuvers is accentu 
ated by the presence of the vapor in the oil. 
The present invention includes features for 

solution of each of the above-discussed problems. 
25. It includes a system in which the oil is fed, under 
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pressure derived from the energy imparted to it 
by the scavenge pump, from that pump to a point 
adjacent the ZOne of discharge of oil from the 
oil storage tank. A Wenturi connection is pro 
vided at this point, with the result that the oil 
passing from the motor is passed toward the suc 
tion side of the feed pump under energy derived 
from the SCaVenge pump, while additional oil is 
sucked from the oil storage tank toward the feed 
pump under the impelling effect of Said Venturi 
connection. 

In the preferred form of the invention, the oil 
is subjected to treatment in a centrifugal del 
aerator to remove most of the vapors sucked into 
the oil by the Scavenge pump, during its passage 
from the scavenge pump to the Wenturi connec 
tion referred to above. The centrifugal deaerator 
may be mounted in advance of an oil cooler inter 
posed between the scavenge pump and the oil 
storage tank, or it may be mounted beyond the 
oil cooler in the line of flow of the oil, as for ex 
ample, by being mounted in the oil storage tank 
itself. If mounted in advance of the cooler, the 
Operation of the cooler is rendered more efficient 
by removal of the vapor at this point, and the 
emulsifying action to which the oil and air are 
Subjected in passing through the cooler is also 
avoided. 

In the preferred form of the invention, the cen 
trifugal deaerator consists of a non-rotating 
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tank around the interior surface of which the ol 
flows in a rotating motion during its passage from 
entrance to exit of the tank in a longitudinal dil 
rection. This tank is preferably provided with a 
valve controlling discharge of gas or vapor from 
a central portion of the tank, after removal of 
this gas Or vapor under the influence of Cen 
trifugal force, and the opening and closing of this 
valve are controlled by the thickness of the layer 
of liquid passing along the interior wall of the 
deaerator. Thus, when the Wall of liquid exceeds 
a predetermined thickness, the actuating mech 
anism moves the deaerator valve to a position 
preventing discharge of gas from the tank, and 
when this wall recedes again to a permissible 
thickness, the valve is again opened and discharge 
of gas resumed. 
A better understanding of the details of the in 

vention will be had by reference to the following 
description in the light of the attached drawing, 
in which, 

Figure 1 is a flow sheet illustrating the arrange 
ment of the dealerator and venturi in accordance 
with one form of the invention, 

Figure 2 is a similar view illustrating an ar 
rangement involving an alternative, 

Figure 3 is a cross sectional view through a 
preferred form of deaerating apparatus, 

Figure 4 is a plan view of the apparatus of 
Figure 3 with parts broken away to illustrate a 
valve detail, and 

Figure 5 is a diagrammatic view of a simplified 
form of dealerator mounted directly in the oil 
Storage tank, this view containing also a detailed 
illustration of the Venturi connection for assisting 
in feed of oil to the suction side of the feed pump. 

Referring to the drawing by reference charac 
ters, it will be seen that Figure 1 illustrates an 
arrangement in which the oil is sucked from the 
engine 0 by a scavenge pump , which is shown 
for the purposes of Convenience as separate from 
the engine 0, although it is ordinarily directly 
associated with the engine. From the scavenge 
pump , the mixture of oil and gas passes to the 
centrifugal deaerator f2, from which vapor is dis 
charged at 3, while the oil is passed, under energy 
derived from the Scavenge pump, through a cooler 
3'. 
Oil from the cooler 3’ is then passed through 

conduit 14, which may include a portion passing 
directly through oil storage tank 5 to a Venturi 
connection f6. 
The Venturi connection 6 communicates with 

the main body of oil in the storage tank 5 adja 
cent the Zone of discharge of oil from the main 
body thereof in said tank, and thus provides suc 
tion for impelling oil from the main body thereof 
in Said tank, together with oil from the conduit 
4, through the conduit f T to the feed pump 8 
by which this oil is returned to the engine O for 
re-use. 

It will be seen that, in such a system, by cen 
trifugally deaerating the oil and returning this 
centrifugally dealerated oil to the engine, the dis 
advantage of feeding large quantities of gas, to 
gether with the oil, to the engine, is avoided. It 
will also be seen that, by passing the oil from the 
tank 5 to the feed pump 8 under the suction 
effect of the Venturi connection 6, disadvantages 
previously encountered in connection with feed 
of oil from the storage tank to the engine are 
avoided. 

Figure 2 of the drawing illustrates a somewhat 
modified arrangement in which the deaerator is 
mounted between the cooler and the Wenturi con 
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4. 
nection, instead of being mounted in advance of 
the cooler. As here illustrated, the dealerator may 
be mounted directly within the oll storage tank. 
In this embodiment of the invention oil from the 
engine 20 is passed by scavenge pump 2 through 
cooler 22 to the deaerator 23, through conduit 24. 
Oil from the rotating body thereof in the de 
aerator 23 is passed, under energy derived from 
the Scavenge pump, through Wenturi connection 
26, and in passing through this connection, it 
Sucks oil from the tank 25 through the conduit 
27 to the feed pump 28. Since the general prin 
ciples of this form of the invention are similar 
to those of that described above in connection 
with Figure 1, further explanation is deemed 
unnecessary. 

Figures 3 and 4 illustrate a preferred form of 
deaerator for use in the system of either of Fig 
ures 1 and 2. As here illustrated, the deaerator 
consists of a tank 30 provided with an interior 
Surface 3 which is preferably circular, and which 
may be cylindrical or frusto-conical as shown. 
This tank is provided with an inlet connection 32 
for injecting oil tangentially into the tank along 
the Surface 3 in a direction having a longitudinal 
Component toward the tangential outlet 33 which 
receives the oil after the gas has been separated 
by centrifugal force due to rotating movement of 
the oil during passage along surface 3 from en 
trance to exit. 
The tank 30 is provided with an end plate 34, 

which is removably mounted to permit access to 
the interior of the tank. This end plate is pro 
vided with a central opening to receive a housing 
35 for a packing gland, this housing being secured 
to the end plate by bolts 36. A hollow tube ST is 
slidably mounted in a central bore of the housing 
35, the upper end of this tube extending to a 
position within the tank 30, and this position 
being adjustable by longitudinal movement of the 
tube. 
A packing gland 38 surrounds the tube 3 within 

the bore of the housing 35, and the prevention of 
leakage and longitudinal securement of the tube 
in the desired position are both accomplished by 
tightening of the gland nut 39. 
Tube 3 is provided with a nipple 40 at its lower 

end for connection to other piping, and this piping 
may extend through the outer surface of the tank 
25 in case the deaerator is mounted within that 
tank as illustrated in Figure 2 of the drawing. 
A valve 4 is secured in sliding relationship upon 
the upper end of the tube 37, and the upper end 
of the valve is urged downwardly and held in con 
tact with the upper end of the tube 37 by the 
Spring 42. The lower end of the spring 42 is se 
cured in position longitudinally with respect to 
the tube 37 by the nut 43, which may be locked 
by nut 44, both of these nuts being threaded to 
the tube 37. These nuts provide a method of 
Securing the spring in position longitudinally, and 
also a method of altering the tension on the 
Spring, as will be evident from inspection of the 
drawing. A stop pin 45 is secured to the tube 37 
adjacent the bottom of the valve 4, and this stop 
pin coacts with an abutting surface 46 of the lower 
end of the valve to secure the valve in open posi 
tion under the influence of the spring 42 until 
accumulation of a predetermined thickness of an 
annular layer of liquid along the interior of the 
wall 3f, as will be evident from further discussion 
of details by which this result is accomplished. 
A plurality of wings 47 extend outwardly from 
the cylindrically, extending portion of the outer 
surface of the valve 4, and this valve is also pro 
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vided with a cylindrically extending portion 5 
above the upper end of the tube 37, in order to 
minimize leakage of oil into the tube 37 by Splash 
ing. When the abutment 46 is in contact with 
the pin 45, an opening 48 in the upper, otherwise 
closed, end 49 of the valve 4 registers with an 
opening in the upper end of the tube 37 to permit 
discharge of gas through these registering open 
ings and the tube 37. When the abutment 46 is 
moved in a counterclockwise direction away from 
the pin 45, on the other hand, these openings are 
brought out of registry with each other, with the 
result that the valve connection and possibility of 
discharge of gas through the tube 3 is closed, 
much after the fashion of a talcum powder can. 

In the operation of the above apparatus, the 
mixture of air and oil enters through the tangen 
tial inlet pipe 32. The mixture flows around the 

O 
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inner wall 3 of the tank 30, during its passage . 
from the inlet 32 to the outlet 33, and this rotating 
flow causes separation of air toward the Center of 
the tank under the influence of centrifugal force. 
After being relieved of its air in this manner, the 
oil leaves the tank through the tangential outlet 
33. The air flows through the hole 48 and regis 
tering hole in the top of tube 3, and escapes from 
the apparatus through this tube. So long as the 
valve is maintained in open position by the action 
of the spring 42 in holding the abutment 46 
against the pin 45, the air will discharge rapidly 
through the valve and tube 37. During this op 
eration, the thickness of the body of oil rotating 
within the surface 3 during its passage longitu 
dinally along that surface will gradually increase 
until the inner surface of this layer strikes the 
wings 4 and causes these wings to move in a 
counter-clockwise direction against the influence 
of the spring 42. This rotary movement of the 
wings is under the impelling effect of the rotation 
of the body of oil within the tank causes the open 
ing 48 to be moved out of registry with the co 
acting opening in the otherwise closed upper end 
of the tube 37, and prevents further discharge of 
air so long as this condition continues to prevail. 
As the operation continues after this condition is 
reached, the pressure in the central part of the 
tank 30 will increase, due to the fact that the re 
leased air cannot be discharged through the tube 
37, and this increase in pressure will cause an in 
crease in the amount of oil discharged through 
tangential outlet 33, with the result that the 
amount of discharge will ultimately exceed the 
amount of feed, and the inner surface of the stra 
tum of oil within the surface 3 will again recede. 
When this happens, the spring 62 will again re 
turn the valve to open position, with the result 
that the air can again be discharged through tube 
3. 
The above description of the operation of the 

centrifugal dealerating apparatus is somewhat 
idealized for the sake of simplicity of explanation. 
As a matter of fact, in the actual Operation of the 
apparatus, the valve may not be moved complete 
ly either to absolutely closed or absolutely open 
position, after the operation is well under way. 
This valve moves to an intermediate position 
after a condition fairly close to equilibrium is 
established between the effect of the spring 42 in 
moving the valve to open position and the effect 
of wings 47 in moving it to closed position. As a 
matter of practical operation, however, the effect 
of the valve in permitting discharge of gas, but 
preventing discharge of liquid through tube 37 by 
preventing accumulation of too deep a stratum of 
liquid within the tank is the same, regardless of 
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whether the valve actuating mechanism effects 
actual successive closing and opening of the valve, 
or merely the attainment of an equilibrium con 
dition which builds up a pressure within the cen 
ter of the tank sufficient to bring the rate of dis 
charge of oil through conduit 33 to the approxi 
mate rate of feed thereof through the conduit 33. 

Figure 5 of the drawing illustrates a centrifugal 
dealerating apparatus especially adapted to be 
mounted within the oil storage tank, as illustrated 
in Figure 2 of the drawing. As here illustrated, 
the oil from the scavenge pump enters the tank 
25 through an inlet connection 60 and is dis 
charged tangentially along the inner wall of the 
cylinder 6 of the centrifugal deaerating appara 
tus 23. A plurality of wings 62 may be mounted 
for free movement in a rotary direction with re 
spect to the cylinder 6 by means of bearing con 
nections 63 through which these wings are secured 
in position relative to the supports 64 by which 
the cylinder 6 is held in position in the tank 25. 
Oil which passes tangentially into the interior of 
the cylinder 6 flows in a rotary motion around 
that cylinder during its passage downwardly along 
the cylinder from the inlet connection, 60 to the 
outlet connection 65 through which it is tan 
gentially discharged from the cylinder. During 
this movement, the wings 62 tend to stabilize the 
rotary movement of the oil within the cylinder 6. 
In being discharged tangentially from the lower 
end of the cylinder 6, the oil is impelled through 
the outlet connection 65 under energy initially 
derived from the scavenge pump. The outlet 
connection 65 conducts the oil to a portion of the 
tank 25 adjacent the Zone of discharge of oil from 
that tank, and this connection is restricted, as ill 
lustrated at 66, in the form of the contracting end 
of a Wenturi throat. The expanding end 67 of 
the venturi may constitute an extension on the 
outlet from the tank 25, and space is provided as 
indicated at 68 between the Outlet end 66 of con 
nection 65 and the inlet end of connection 67, in 
order to permit oil to be sucked through this Wen 
turi connection from the main body of the storage 
tank, and passed to feed pump 28 along with oil 
being recirculated from cylinder 6 to this feed 
pump. This connection is illustrated diagram 
matically in Figure 2 of the drawing, and a simi 
lar arrangement with respect to the flow diagram 
of Figure 1 of the drawing is also illustrated in 
connection with that embodiment of the inven 
tion in that figure. As discussed above, by Suck 
ing the oil from the oil storage tank in this man 
ner, and by dealerating the oil before recycling it, 
difficulties in feed of oil to the motor due to causes 
discussed above are largely eliminated. 
Warious modifications are possible within the 

scope of the invention, and We do not therefore 
wish to be limited except by the Scope of the fol 
lowing claims. 
We claim: 
1. In an oil circulating and feeding system for 

motors, the combination comprising, a scavenge 
pump for removing oil from the motor, a centrif 
ugal gas separator in the line of flow of oil from 
the scavenge pump, means for conducting oil 
under energy derived from said scavenge pump 
to a point adjacent the Zone of discharge of oil 
from an oil storage tank, a Wenturi connection 
between said conducting means and said storage 
tank adjacent Said Zone of discharge, a feed 
pump for impelling oil to said motor, and a con 
duit connecting said feed pump with said Wenturi 
connection, 

2. In an oil circulating and feeding system for 
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motors, the combination comprising, scavenge 
pump means for removing oil from the motor-an 
oil storage tank, a feed pump for feeding oil to 
the motor, means for conducting oil under energy 
derived from said scavenge pump to the suction 
side of said feed pump, means for directing oil 
flowing from said storage tank to the feed pump 
to and through a zone of confluence with oil flow 
ing from said scavenge pump to said feed pump, 
said zone of confluence comprising an ejector 
connection for assisting in removal of oil from 
said storage tank, and thereby supplying oil to 
said feed pump under energy derived from said 
scavenge pump, while supplementing said oil 
supply with oil from said storage tank, said 
scavenge pump being driven by a source of power 
independent of that produced by the impelling of 
oil by said feed pump, 

3. In an oil circulating and feeding system for 
motors, the combination comprising, a scavenge 
pump for removing oil from the motor, an oil 
cooler in the line of flow of oil from the scavenge 
pump, a centrifugal gas separator in the line of 
flow of oil from the scavenge pump and said oil 
cooler, said centrifugal gas separator being 
located beyond said oil cooler in the direction of 
flow of oil from said Scavenge pump, means for 
conducting oil under energy derived from said 
scavenge pump to a point adjacent the Zone of 
discharge of oil from an oil storage tank, a 
Venturi connection between said conducting 
means and said storage tank adjacent said Zone 
of discharge, a feed pump for impelling oil to said 
motor, and a conduit connecting said feed pump 
with said Wenturi Connection, 

4. In an oil circulating and feeding system for 
motors, the combination comiprising, a scavenge 
pump for removing oil from the motor, a centrif 
ugal gas separator in the line of flow of oil from 
the scavenge pump, an oil Cooler in the line of 
flow of oil from Said SCaVenge pump and Said 
centrifugal gas separator, said Oil COOler being 
located beyond said Centrifugal gas separator in 
the line of flow of oil from said Scavenge pump, 
means for conducting oil under energy derived 
from said Scavenge pump through Said oil cooler 
and to a point adjacent the Zone of discharge of . 
oil from an oil storage tank, a Wenturi connection 
between said conducting means and said storage 
tank adjacent said Zone of discharge, a feed pump 
for impelling oil to Said motor, and a Conduit 
connecting said feed pump with said Wenturi con 
nection. 

5. An oil circulating and feeding system as de 
fined in claim 3, in which said centrifugal gas 
separator is mounted directly in the oil storage 
tank. 

6. An oil circulating and feeding System as de 
fined in claim 3, in which said centrifugal gas 
separator comprises a stationary tank through 
which the oil is passed in a rotating motion, said 
stationary tank being mounted directly in the oil 
storage tank, and having an Outlet for gas re 
moved from the main body of the oil which is 
connected to the main storage space of said tank. 

7. In an oil circulating and feeding system for 
motors, the combination comprising, a scavenge 
pump for removing oil from the motor, means for 
conducting oil under energy derived from said 
Scavenge pump to a point adjacent the zone of 
discharge of oil from an oil storage tank, a 
Wenturi connection between Said conducting 

O 

s 

20 

30 

40 

45 

50 

55 

30 

65 

70 

8 
means and said storage tank adjacent said zone 
of discharge, a feed pump for impelling oil to said 
motor, and a conduit connecting said feed pump 
With said Wenturi connection. 

8. In an oil circulating and feeding system for 
motors, the combination comprising, scavenge 
pump means for removing oil from the motor, a 
gas separator. in the line of flow of oil from said 
scavenge pump designed to receive and discharge 
said oil under pressure derived from the energy 
of said, scavenge pump, an oil storage tank, a 
feed pump for feeding oil to the motor, means for 
conducting oil under energy derived from said 
scavenge pump to and through said gas separator 
and from said gas separator to and through a 
zone of confluence with oil flowing from said 
storage tank to said feed pump, said Zone of Con 
fluence comprising an ejector connection for as 
sisting in removal of oil from said storage tank, 
and thereby supplying dealerated oil to said feed 
pump under energy derived from said scavenge 
pump, while supplementing said oil supply with 
oil from said storage tank. 

9. In an oil circulating and feeding system for 
motors, the combination comprising, scavenge 
pump means for removing oil from the motor, a 
gas separator in the line of flow of oil from said 
Scavenge pump designed to receive and discharge 
said oil under pressure derived from the energy 
of said Scavenge pump, an oil cooler in the line 
of flow of oil from said gas separator also de 
signed to receive and discharge Said oil under 
pressure, an oil storage tank, a feed pump for 
feeding oil to the motor, and means for conduct 
ing oil under energy derived from said scavenge 
pump to and through said gas separator and oil 
cooler and to said feed pump through a zone of 
confluence with oil frc m said storage tank, said 
zone of confluence comprising an ejector con 
nection for assisting in removal of oil from said 
storage tank, and thereby Supplying oil to said 
feed pump under energy derived from said 
Scavenge pump, while supplementing said oil Sup 
ply with oil from Said storage tank. 
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