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LUBRICATING SYSTEM WITH TWO PUMPs 
James B. Watson, Detroit, Mich., assignor, by 
mesne assignments, to General Motors Corpo 
ration, Detroit, Mich., a corporation of Dela 
ware 

Application May 20, 1929, Serial No. 364,473 
53 Claims. 

Being directed to the improvement of engine 
lubricating means and methods, this invention 
includes provision for 'splash' lubrication 
through a warming-up period, the interval of 
Splash lubrication being automatically terminated 
in favor of gravity or other lubrication through 
suitable conduits; and preferred embodiments of 
this invention may include a so-called low-pres 
Sure lubricating system and/or a high-pressure 
lubricating system, one or both of said systems 
being provided with means for a conditional or 
emergency return of lubricant into a so-called 
'splash' pan-disposed within or below a crank 
case and below some or all of the lubricated 
bearings. 

It is the further object of this invention to 
utilize a. plurality of pumps, preferably provided 
with a common drive, in advancing oil through 
conduits comprised in separate systems of the 
general character referred to-one of said 
pumps, hereinafter referred to as a 'scavenger' 
pump, having its inlet connected with the men 
tioned Splash pan, and the other of said pumps, 
hereinafter referred to as a "pressure' pump, hav 
ing its inlet disposed below the normal level of 
oil within a suitable reservoir; and said reservoir 
may take the form of an additional pan, secured 
below said splash pan and adapted to receive oil 
pumped therefrom into a higher reservoir com 
prised in said low-pressure system. 
Each of the mentioned systems may include not 

Only a lower reservoir (such as one of the men 
tioned pans) but an upper reservoir maintained 
under a predetermined pressure; each of said 
Systems may include either a means for control 
ling the temperature of the oil pumped from a 
lower reservoir or means for controlling the com 
position of oil so pumped, in advance of the de 
livery of the pumped oil toward bearings to be 
lubricated thereby; and preferred embodiments 
of this invention may include a low-pressure sys 
ten in which oil is heated or cooled to a tem 
perature favorable to the filtration, delivery and 
utilization thereof in said high-pressure system 
and means whereby, upon the failure of such de 
livery or the pumping of an excess of oil by either 
of the mentioned pumps, splash lubrication may 
be automatically restored or excess restored. 
Other objects of this invention, including the 

provision of an externally carried unit and in 
cluding also various optional details hereinafter 
referred to, may be best appreciated from the 
following description of an illustrative embodi 
ment thereof, taken in connection with the ap 
pended claims and the accompanying drawings. 

(C. 184-6) 
Fig. 1 is a SOmewhat diagrammatic transverse 

sectional view of an engine in which an embodi 
ment of this invention is included-parts being 
shown in elevation, and other parts being broken 
away or omitted, in order the better to show a 
high-pressure system in which oil, as withdrawn 
from a lower pan or reservoir, is normally ad 
vanced through a filter and thence into pressure 
conduits-provision being made for a return of 
excess oil past a relief valve into a splash pan and 
stippling being arbitrarily employed to distin 
guish high-pressure conduits. 

Fig. 2 is a view similar to Fig. 1, but taken in 
another vertical plane and showing parts of low 
pressure Conduits through which oil and/or a 
stream of oil and bubbles may be advanced from 
a Splash pan Sump through a temperature Con 
trolling coil into an elevated reservoir-from 
which an excess of pumped oil may normally 
Overflow into a reservoir below said splash pan, 
Parts are broken away to different levels. 

Fig. 3 is an idealized and condensed view in 
tended diagrammatically to illustrate all essen 
tial features presented in Figs. 1 and 2, together 
with some optional features of the present in 
vention. 

Referring first to Fig. 1, an engine comprising 
a block and a crank case f2 is shown as in 
cluding also a main crankshaft 13, supported by 
means comprising webs f4, f4' (which may be 
integral with casing 2) and semi-cylindrical 
bearings 5; and said crank case is shown as Sup 
porting also both an inner or "splash' pan 6 
and an outer pan f7,-each of said pans being 
adapted to serve at times as an oil reservoir. 
The crank case 2 may additionally support One 

or more pumps, such as a so-called "scavenger' 
pump 8, adapted to receive oil through an intake 
conduit 9 (connected with a Sump 20, which is 
adapted to receive drainage from the Splash 
pan f6) and a so-called “pressure' pump 2, pro 
vided with an intake 22, so positioned as to with 
draw oil from the pan or reservoir f7. Both of 
said pumps may be supported by means such as 
a hollow cylindrical element 23, shown as 
threaded at 24 into the crank case web 4 and as 
providing bearings for a substantially vertical 
drive shaft 25. This drive shaft is shown as 
carrying a gear 26, engaged by a worm 2 upon 
a horizontal shaft 28,-which may be a usual 
cam shaft, or the like; but it should be under 
stood that the manner of Supporting and driv 
ing the mentioned pump or pumps is relatively 
immaterial to the present invention. 

Pressure conduits 29, 29', in preference to being 
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directly connected with pump 2, are herein con 
nected by conduit 0 with an oil reservoir com 
prised in a unit or assembly 3-said reservoir 
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preferably enclosing a filter. For example, a 
transparent receptacular element 2, enclosing a 
cylindrical or other filter assembly 33 may be 
retained upon a casting 4 (preferably providing 
a sediment trap , having an outlet opening ) 
by means including a partly tubular laterally ap 
ertured filter-carrying outlet element 37 and an 
upper clamping element or pressure-determin 
ing organization 38; and a pipe 9, extending 
upward to a predetermined level in element 32, 
is shown as connected with feed conduits or pas 
sages 40, 4, 42, communicating with the pres 
sure pump 2. 

It will be obvious that any clogging of the 
filter , or its equivalent, during a continued de 
livery of oil by means such as the pump 2 might 
result in an undue rise in pressure within the 
pipe 39 and conduits 40-42, and in an undesir 
able drop in pressure within the oil delivery con 
duits 29, 30, etc.-with which an outlet passage 
43 connects the interior of the filter-supporting 
tubular element 37; and, accordingly, in case a 
filtering or other composition-control unit is in 
terposed in the general manner described, means 
such as an adjustable pressure-relief valve 44, 
conditionally permitting a return of pumped oil 
through a by-pass 45, may be employed to re 
lieve pressure and incidentally to restore splash 
lubrication whenever the pressures in the re 
spective conduits mentioned fall outside of a pre 
determined range. 

Referring more particularly to Fig. 2, and to 
the desirability of bringing oil to a standard tem 
perature in advance of its filtration and/or de 
livery under high pressure, it will be seen that oil 
withdrawn from splash pan 6, or its equivalent, 
through the Sump 20 and the scavenger pump 

is intended to be advanced (as, by way of an 
interior riser 45 and conduits 45', 4.5', com 
prised in the mentioned low-pressure system and 
communicating with the outlet of said scavenger 
pump) through a thermal-control or other con 
ditioning unit 46 and/or a bubble-separating up 
per reservoir or low-pressure chamber 47, and 
thus indirectly into the lower pan or receptacle 7. 
As may be seen from a comparison of Figs. 1 

and 2, any thermal control-unit 46, or the like, 
as introduced into either or both of the men 
tioned circuits, may include an open-sided cham 
ber 48, so positioned as normally to receive heat 
through an adjacent Wall of the engine block 
l; and said chamber may contain, in addition 
to a coll 49 with which the conduit 45' com 
municates, cooling water admitted, in any desired 
proportion or at any desired rate, through a 
pipe 50,-which may communicate with a usual 
or special radiator or a part thereof; and the 
relative advance of cooled or heated water, if and 
as provided for, through the chamber 48 and 
any suitable opening s (which may communi 
cate, as may also an alternative opening 52, with 
the cooling water passages of the engine block 
f) may be varied, according to the thermal ef 
fect desired, by means such as a valve 53-sub 
ject to manual manipulation or to control by a 
thermostatic element 54, or omitted under stand 
ardized conditions. 

Subject to a slight fluctuation as a result of 
the reciprocation of pistons (not shown) and the 
operation of pumps, the pressure in one or both 
of pans 6, may go but little below atmos 
pheric, and the splash pan f6, or its equivalent, 

9,184,161. 
may initially contain oil up to a level such as 
that indicated by the line S4. In Figure 2, a 
dump valve is assumed to have opened, upon a 
cessation of pumping. Operation of the scav 
enger pump 8 through a warming-up period may 
have promptly so lowered the said oil level in pan 

as to discontinue splash lubrication and short 
ly thereafter advanced a mixture of oil and 
bubbles through a thermal-control unit of the 
described character-the presence of the bubbles 
in the oil being highly favorable to a prompt 
transfer of heat to or from the oil; and the ele 
wated separatory reservoir 47, into which the 
heated or cooled stream referred to may be per 
mitted to splash, is shown as providing an upper 
space or compartment 55, having an outlet 56 
for separated air-presumably contaminated 
with fuel vapors, water, and products of combus 
tion. Any desired proportion of the separated oil 
may be permitted to exit, as by way of low-pres 
sure conduits 57 or other suitable conduits, to 
ward bearings to be lubricated; but the major 
part, or any desired part, of the separated oil 
may be permitted continuously to overflow a dam 
or ledge 58 in such manner as promptly to de 
scend, by way of a vertical or other conduit 59, 
into one of the mentioned pans (and preferably 
into lower pan Or an equivalent tempered-oil 
reservoir). 
The illustrated interior, disposition of conduits 

obviates tinkering; it also obviates clutter and 
affords assurance that any cooling system for 
the engine will tend to cool the oil; and, whether 
or not any low-pressure or high-pressure oil con 
duits 5 are directly connected therewith, the 
elevated separatory reservoir 47 (like the elevated 
filtration reservoir 32) may ordinarily remain 
filled to a high level during normal or 'dry 
sump' running periods,--wherein the pump 8 
(preferably not pump 2) may pump streams of 
bubbles. It will thus be seen that, in any case, 
the described initial "splash' and/or low-pres 
sure system may incidentally serve to bring the 
oil delivered by the scavenger pump 8 to a tem 
perature suitable to its use and/or its advance 
through the filter 3 and into the high-pressure 
conduits 29, leading to engine bearings-Such as 
those of the shaft 3-draining into the pan 6; 
and that the described low-pressure system may 
deliver oil into any desired warmed-oil conduits 
5, conducting any desired proportion of a warm 
er and therefore more fluent oil (largely freed of 
vapors) to the mentioned bearings or to other 
bearings-which may also drain into the splash 
pan 6, or its equivalent. After the engine is 
stopped, any oil in the pressure receptacle or fill 
tration reservoir 32 may gradually advance, by 
gravity or otherwise, through the pressure con 
duits 29; and, if desired, means may be provided 
to assure a return, upon such stopping of the 
engine, of any oil then contained within the sepa 
ratory chamber 4. 
For example, as best shown in diagrammatic 

Fig. 3 (to which mentioned characters, in some 
cases primed, are applied, notwithstanding arbi 
trary differences in configuration and arrange 
ment) a transverse passage 60, communicating 
with the inlet conduit 42 of the filtering or other 
composition control-unit 3' and with vertical 
or other drain passages 6, 6 below chamber 47, 
may be so controlled (as, by a laterally movable 
valve element 62, shown as provided with a com 
pression spring 63 normally closing the upper 
end of the passage 6f) that whenever pressure 
pump 2 ceases to operate, a resultant drop in 
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2,134,161. 
pressure within the conduit 42 may enable the 
spring 63 laterally to advance the valve element 
62 in such manner as to empty the chamber 47 
through the passages 6 and 6'-preferably de 
livering into splash pan 6. 

It will be seen that not only drainage of oil 
from bearings such as those of the shaft 3, fed 
through high-pressure conduits 29, 29', and 
drainage from bearings such as those of shaft 28, 
shown as fed through a low-pressure conduit 57, 
but also the oil conditionally returned past either 
or both of the valves 44 and 62 may thus be per 
mitted to accumulate in the inner Or Splash pan 
6-thereby assuring restoration of the initial 

oil level 54', in readiness for a restarting of the 
engine. Upon such restarting, even though the 
accumulated oil be undesirably viscous by reason 
of its low temperature, not only are interior parts 
adequately lubricated by splash but the oil, 
warmed by friction and by exposure of extensive 
surfaces, may be further thermally conditioned 
during its advance through the mentioned low 
pressure system; and the indicated Operation of 
the high-pressure system, described as including 
the pressure pump 2 and the composition-con 
trol unit 3', may thereafter assure an optimum 
delivery of the desired quantities of fresh or re 
conditioned oil at the desired temperatures and 
pressures to the respective bearings. 

In connection with described features, any 
usual or preferred means may be employed for 
oil replenishment and/or crankcase ventilation; 
the capacity of scavenger pump 8 may exceed 
that of pump 2; and, as suggested in Fig. 3, in 
case an admixture of oil and 'air' is permitted 
to enter the filter receptacle 32', or its equivalent, 
the clamping element or organization 38 may be 
provided with means assuring a predetermined 
"air' pressure within said receptacle; but, in 
view of the provision of valve 44, there is no 
actual necessity for delivering air in admixture 
with the oil advanced through conduit 40 by 
pump 2; and therefore no need for automati 
cally controlling any exit for air entrapped to 
provide elastic pressure. 
Upper reservoirs 32 and 47 may be sufficiently 

capacious to receive, during normal running, all 
the oil in both systems, said oil filling pan 6 to 
the level of line 54 during periods of rest; 
but, to emphasize an optional feature, pressure 
controlled valve organizations are suggested at 
64 and at 64, Fig. 3-the latter being shown 
as associated with a level-controlled and up 
wardly-seated valve 64'', above, lateral openings 
64'', provided in the partly-tubular element 37. 
Although even the valve organization 64 is 
Superfluous in case the low-pressure System is to 
operate under gravity, either or both of said 
organizations may comprise or Serve as a cap 
which is removable for oil replenishment; either 
may be subject to remote or automatic control; 
and a glance at dash instruments during normal 
running may reliably reveal both the condition 
and the quantity of the oil in the pressure sys 
ten or in both Systems. 

It will be obvious that a pressure gauge or 
gauges 65, 65' may be connected with any of the 
mentioned conduits, -as by means of elbow 
fittings 66, 66', shown as respectively communi 
cating with filter outlet and inlet passages pro 
vided in the crankcase casting. The gauge 65 
will be seen to read in pounds or other units only 
up to a specific pressure (30 lbs. above atmos 
pheric) at which Splash lubrication may be auto 
matically assured by automatic opening of the 

3 
valve 44. No claims are herein drawn to the 
special novel gauges as illustrated at 65'; but 
it is believed to be highly advantageous to so con 
nect gauge or gauges. 65, 65 as to facilitate at 
tachment and removal of unit 3 or 3'-with 
out necessitating any disconnection of Sald gauge 
Or gaugeS. 
Low-pressure chambers 47, 48 and/or 55, in 

addition to conduits and passages such as 49, 60 
and/or 6, may be provided directly in the east 10 
ing 34-shown as comprising sediment trap 35 
and the body of the conditioning unit 46; and 
the entire unit 3, 31', with some or all of the 
entioned chambers, conduits and/or passages 

and parts supported thereby may be normally re 
tained by means such as screws or bolts 67, 67', 
suitably apertured rubber or like gaskets 68' being 
interposed. 
The heat-exchange chamber 48 may be re 

ferred to as a five-walled chamber for the reason 
that one lateral Wall thereof is shown as omitted, 
being provided for by a surface f' of the engine 
block l; and it will be seen that desired thermal 
effects upon the oil traversing coil 49 may be 
obtained by varying the advance of cooling water, 
as delivered by pipe 50,-advancing the same into 
a passage or passages 69, in a jacket provided by 
said block, either directly, by opening 52, or 
wholly or partly by way of chamber 48 and open 
ing 5. The latter path is taken in case the oil 
tends to exceed a predetermined temperature 
range subsequently to an initial warming-up 
period, within which a splash lubrication may be 
gradually discontinued; but the provision of any 
overflow openings 70 in pan 6, the provision of a 
relief valve 44' in the low-pressure system, and 
also the provision of remote-manipulation arms 
7, 7 on pressure control valves 64", 64, are 
among the features that should be regarded as 
entirely optional. Optional also is the use of 
any self-limiting or directly withdrawable elec 
tric or other thermal control elements 72, 72, 
72', provided in low-pressure or high pressure 
conduits (as, at 57 and 29') leading to bearing 
elements, or provided in upper or lower filtering 
or receptacular elements-as may be desired, in 
Some Seasons Or in Some climates, to effect a 
local and preliminary warming of certain por 
tions of the oil even before the engine is started, 
Again, the use of any desired pointer-carrying or 
other feed-equalizing pressure varying-valve ele 
ments in the various conduits should be regarded 
as optional. Such elements are shown as special 
Screws 73,3'-adapted simultaneously or other 
wise to vary a "choke' effect in separate and 
presumably parallel conduits of the general char 
acter shown at 29' and 29' as connected with 
conduit 30' through a longitudinal conduit 30'. 
The valves T3, 73', or equivalent "choke' ele 
ments, may occupy interior positions to obviate 
risk of unauthorized readjustment; and these 
valve elements themselves may be capable of 
being used as heaters or as coolers or in effect 
ing tests or in effecting a control through auto 
matic response to pressures and/or temperatures 
developed in the respective conduits which they 
control. For these reasons, the heads of the 
valve Screws are shown as small gears; a pressure 
or fluid-transmitting pipe is suggested at 74; and 
a thermal-couple or heating connection is shown 
at 75. 
In order to apply exceptionally high pressures 

to "thick' oil, as at starting, it is additionally 
suggested in Fig. 3 that a by-pass or by-passes 76, 
T6' controlled by a suitable valve or valves 77,777 

5 

20 

25 

55 

80 

65 

70 

75 



O 

5 

30 

35 

55 

70 

75, 

4. 
manipulable by rods, or a single rod T may be 
provided in such manner as to be available in 
giving a brief "double-pressure' effect-subject 
to either manual or automatic control; either or 
both of the oil-conditioning devices f', 4' may 
be so by-passed, automatically or at will. Valur 
able reverse-flow effects, adapted to clean the 
filter 33' or to correct other stoppage, may be thus 
obtained; a left-hand shift of the arm 79 of valve 
77' may momentarily or permanently admit some 
bubbles from conduit 45’ to receptacle 82, for a 
pressure effect; and, in any case, the use of spe 
cial gauge 65, wherein a separate Bourdon tube 
may be connected with each of the pipes or el 
bows 66, 66', 66', obviously favors economy of 
instruments and of space. 

Although the foregoing description has in 
cluded mention of various alternative and/or op 
tional features, it should be understood not only 
that some of the mentioned features might be 
independently employed but that numerous fur 
ther modifications might easily be devised-all 
within the scope of the present invention. 

I claim: 
1. In means for lubricating an engine compris 

ing bearings within a crankcase: a splash pan 
below said crankcase; a high-pressure system 
comprising a filter and conduits leading there 
from to some of said bearings; a heat-exchang 
ing chamber; a bubble-separating chamber; 
means for advancing a stream of oil and bubbles 
through said heat-exchanging chamber into said 
bubble-separating chamber; and means for ad 
vancing the separated oil from said last men 
tioned chamber into said high-pressure system. 

2. An organization of the general character de 
fined in claim 1, which also includes means for 
a return of oil into said splash pan in case of 
deviation from a predetermined pressure range in 
said pressure system. 

3. In means for lubricating an engine compris 
ing bearings within a crankcase: means for an 
initial splash lubrication of said bearings; a low 
pressure circulatory system for oil initially em 
ployed in such splash lubrication; and a high 
pressure circulatory system into which said low 
pressure circulatory system normally delivers such 
oil. 

4. An organization of the general character de 
fined in claim 3, in which one of said circulatory. 
systems includes means for bringing the circu 
lated oil to an optimum temperature. 

5. An organization of the general character de-. 
fined in claim 3, in which one of said circulatory 
systems includes a thermal-control unit and the 
other of said circulatory systems includes a com 
position-control unit. 

6. In an internal combustion engine, a recep 
tacle from which lubricant is adapted to be 
splashed by moving parts of the engine, means to 
withdraw lubricant from the receptacle, a recep 
tacle into which the mentioned means is adapted 
to discharge lubricant, means to withdraw lubri 
cant from the second-mentioned receptacle and 
advance it to the bearings, and conditionally op 
erating means by which lubricant withdrawn 
from the first mentioned receptacle by the first 
mentioned means may be returned directly to 
the first mentioned receptacle and by which lu 
bricant withdrawn from the second mentioned 
receptacle may be advanced to the first men 
tioned receptacle instead of to bearings. 

7. In an internal combustion engine, a high 
pressure lubricating system, a low pressure lubri 
cating system, means for advancing lubricant 
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through each of the systems to bearings, a reser 
voir from which lubricant is adapted to be 
splashed by moving parts of the engine, a reser 
voir in one of the systems located above the level 
of the first mentioned reservoir, a passage con 
necting the two reservoirs and a valve in the pas 
sage operated by a decrease in the pressure in the 
system in which the second mentioned reservoir 
is not located to drain lubricant from the second 
mentioned reservoir to the first mentioned res 
ervoir when operation of the engine ceases. 

8. In a lubricating system, upper and lower 
reservoirs, means to withdraw lubricant from the 
lower reservoir and deliver it to the upper reser 
voir, and means operative to retain lubricant in 
the upper reservoir during operation of the first 
mentioned means and to permit return thereof 
to the lower reservoir when the first mentioned 
means ceases Operating. 

9. In a lubricating system, a circuit including 
a reservoir from which lubricant is adapted to 
be splashed onto bearings, a circuit to which lu 
bricant is adapted to be delivered from the first 
mentioned circuit and from which lubricant is 
adapted to be delivered to bearings, and means 
whereby lubricant from the first mentioned cir 
cuit may be returned to the reservoir instead of 
being delivered to the second mentioned circuit. 

10. In a lubricating system, a circuit including 
a reservoir from which lubricant is adapted to 
be splashed onto bearings, a circuit to which lu 
bricant is adapted to be delivered from the first 
mentioned circuit and from which lubricant is 
adapted to be delivered to bearings, and means 
whereby lubricant from the second mentioned 
circuit may be returned to the reservoir instead 
of being delivered to the bearings. 

11. In an internal combustion engine, a reser 
voir in which lubricant is adapted to accumulate 
while the engine is not operating, parts which 
move during the normal operation of the engine 
and are adapted initially to agitate the lubricant 
in the reservoir and supply lubricant to parts to 
be lubricated by splash, a second reservoir, a 
pump adapted to withdraw lubricant from the 
first-mentioned reservoir and deliver it to the 
Second-mentioned reservoir after the lubricant 
has become sufficiently fluid and a pump adapted 
to withdraw lubricant from the second-mentioned 
reservoir and deliver it to parts to be lubricated. 

12. The invention claimed in claim 11 plus an 
oil temperature regulator in the circuit between 
the first and second-mentioned reservoirs. 

13. The invention claimed in claim 11 plus a 
filter in the circuit between the second-mentioned 
reservoir and the parts to be lubricated. 

14. The invention claimed in claim 11 plus an 
oil temperature regulator in the circuit between 
the first and second-mentioned reservoirs and an 
oil filter in the circuit between the second-men 
tioned reservoir and the parts to be lubricated. 

15. The invention claimed in claim 11 in which 
the first-mentioned pump is adapted to remove 
lubricant from the first-mentioned reservoir at 
such a rate as to render the splash system sub 
stantially ineffective during normal operation of 
the engine. 

16. Engine lubricating means comprising: oil 
conduits; means for advancing a stream of ad 
mixed oil and bubbles; and means for utilizing 
said bubbles in conditioning said oil and in pro 
ducing a desired pressure within said conduits. 

17. In an engine, a reservoir from which lubri 
cant may be splashed onto bearings, a lubricant 
temperature regulator, a chamber in which gase 
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ous bodies may be separated from lubricant, 
means which during its normal operation renders 
the splash system ineffective for withdrawing 
lubricant and gaseous bodies from the reservoir 
and advancing a stream of lubricant and gaseous 
bubbles through the regulator into the chamber, 
a second reservoir, means for conducting lubri 
cant from the chamber to the Second reservoir, 
means for separating solids from the lubricant, 
and means for withdrawing lubricant from the 
second reservoir and advancing it through the last 
mentioned means to bearings of the engine. 

18. In an engine, two reservoirs, a lubricant 
temperature regulator, means for withdrawing 
lubricant and enough gaseous bodies to expedite 
considerably transfer of heat to... or from the 
lubricant from One of the reservoirs and advanc 
ing the mixture through the regulator toward 
the other reservoir, and means for withdrawing 
lubricant from the last mentioned reservoir and 
advancing it toward bearings of the engine. 

19. In an engine, a reservoir from which lubri 
cant may be splashed onto bearings, a second res 
ervoir, a lubricant temperature regulator, means 
for drawing lubricant and enough gaseous bodies 
to expedite considerably transfer of heat to or 
from the lubricant out of the first mentioned 
reservoir and advancing the mixture through 
the regulator toward the second reservoir, and 
means for drawing lubricant out of the last men 
tioned reservoir and advancing it toward bear 
ings of the engine. 

20. In an engine, two lubricant reservoirs, 
means for Withdrawing lubricant from one of 
the reservoirs and advancing it toward the other 
reservoir, a lubricant conditioning element, 
means for withdrawing lubricant from the last 
mentioned reservoir and advancing it through 
the lubricant conditioning element toward bear 
ings of the engine, and means whereby the lubri 
cant may be returned to one of the reservoirs 
instead of being delivered to the bearings. 

21. In an engine, a reservoir from which lubri 
cant may be splashed onto bearings, a second 
reservoir, means for withdrawing lubricant from 
the first mentioned reservoir and advancing it to 
the second reservoir and thence to bearings, and 
means whereby the lubricant may be returned to 
the first mentioned reservoir instead of being de 
livered to the bearings. 

22. In an engine, a reservoir from which lubri 
cant may be splashed onto bearings, a second res 
ervoir, means for withdrawing lubricant from the 
first mentioned reservoir and delivering it to the 
second reservoir, a third reservoir, means for con 
ducting lubricant from the second reservoir to 
the third reservoir, means for withdrawing lubri 
cant from the third reservoir and advancing it 
toward bearings and means whereby the lubri 
cant may be returned to the first mentioned res 
ervoir instead of being delivered to the bearings. 

23. In a lubricating System, a low pressure 
lubricating circuit, including bearings and a lu 
bricant pump, a high pressure lubricating circuit 
including bearings and a lubricant pump, means 
establishing communication between the two cir 
cuits, and a lubricant reServoir in one of the 
circuits so located that lubricant may be splashed 
therefrom onto one of the bearings. 

24. In a lubricating System, a low pressure 
lubricating circuit, including bearings and a 
lubricating pump, a high pressure lubricating cir 
cuit including bearings and a lubricating pump, 
means establishing communication between the 
two circuits, a lubricant reservoir in One of the 
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circuits so located that lubricant may be splashed 
therefrom onto one of the bearings, and means 
rendering the effectiveness of the splash system 
dependent upon the effectiveness of the pressure 
system. 

25. The invention claimed in claim 18 plus 
means between the regulator and the last men 
tioned reservoir for separating gaseous bodies 
from the lubricant. 

26. The invention claimed in claim 19 plus 
means between the regulator and the last men 
tioned reservoir for separating gaseous bodies 
from the lubricant. 

27. A lubricating system for an internal com 
bustion engine and including a crankcase adapted 
for storing a supply of lubricant, a splash pan, 
means circulating lubricant through said lubri 
cating System under pressure, and means re 
Sponsive to a predetermined fall of pressure in 
Said lubricating system for draining a portion of 
said lubricant into said splash pan. 

28. In an engine a lubricating system including 
a crankcase adapted for storing a supply of 
lubricant, a splash pan adapted for storing 
lubricant during idle periods of the engine for 
use in lubricating moving parts of the engine 
during the initial operation of the engine, said 
lubricating system including a pump and lubri 
cant conducting portions for conducting lubri 
cant under pressure to engine parts to be lubri 
cated, and valve means intermediate said pump 
and conducting portions responsive to engine op 
eration for placing the pressure side of said pump 

' in communication with the system during engine 
Operation and for diverting lubricant from said 
lubricating System to said splash pan on stopping 
the engine. 

29. In an engine lubricating system, a splash 
pan, a lubricant supply means through which a 
lubricant may be conducted under pressure to 
engine parts to be lubricated, a lubricant reser 
voir separate from said lubricant supply means 
and having an inlet and outlet, and valve means 
actuated in response to a fall in pressure in said 
lubricant supply means for opening said reservoir 
Outlet whereby to drain the contents thereof into 
Said splash pan when the engine stops. 

30. In the lubrication art, the operations of 
introducing enough gaseous bubbles into lubri 
cant to expedite considerably the transfer of heat 
to or from it and passing the mixture through a 
heat exchange element before applying it to the 
parts to be lubricated. 

31. In the lubrication art, the operations of 
introducing enough bubbles of air into lubricant 
to expedite considerably the transfer of heat to 
Or from it, passing the mixture through a heat 
exchange element, separating the air from the 
lubricant, and, thereafter, applying the lubri 
cant to the parts to be lubricated. 

32. In a lubricating system, a heat exchanger, 
means for introducing enough bubbles of air into 
lubricant to expedite considerably the transfer 
of heat to or from it and advancing the mixture 
through the heat exchanger, and means for sep 
arating the air from the lubricant before the 
lubricant is advanced to the parts to be lubri 
cated. 

33. In a lubricating system, a heat exchanger, 
and a pump which sucks lubricant and enough 
air to expedite considerably the transfer of heat 
to or from the lubricant and advances the mixture 
through the heat exchanger. 

34. In a lubricating system, a heat exchanger, 
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lubricant to expedite considerably the transfer 
of heat to or from it and advancing the mixture 
through the heat exchanger, and means for ad 
vancing the lubricant to parts to be lubricated 
after it has passed through the heat exchanger. 

35. In a lubricating system, a heat exchanger, 
means for introducing enough bubbles of air into 
lubricant to expedite considerably the transfer 
of heat to or from it and advancing the mixture 
through the heat exchanger, . and means for 
separating the air from the lubricant and, there 
after, advancing the lubricant to parts to be 
lubricated. 

36. In a lubricating system, a reservoir from 
which lubricant may be splashed onto bearings, 
a second reservoir, means for withdrawing lubri 
cant from the first-mentioned reservoir and ad 
vancing it to the second reservoir and thence to 
bearings, means whereby lubricant may be re 
turned to the first-mentioned reservoir instead 
of being delivered to the bearings, and a valve 
actuated by the pressure of lubricant in the sys 
tem controlling the last-mentioned means. 

37. In a lubricating system, a reservoir from 
which lubricant may be splashed onto bearings, 
a second reservoir, means for withdrawing lubri 
cant from the first-mentioned reservoir and ad 
vancing it to the second reservoir, means for 
advancing lubricant from the second reservoir to 
bearings, means whereby lubricant may be re 
turned to the first-mentioned reservoir instead 
of being delivered to the bearings, and a valve 
actuated by the pressure of the lubricant in the 
system between the second-specified means and 
the bearings controlling the last-specified means. 

38. A lubricating system for an internal com 
bustion engine including a crankcase adapted for 
storing a Supply of lubricant, a Splash pan, and 
means actuated in response to a predetermined 
pressure drop in said lubricating system for re 
plenishing the Supply of lubricant in said splash 
98. 

39. In a lubricating system for an internal 
combustion engine consisting of means for con 
ducting a lubricant under pressure to engine 
parts to be lubricated, splash lubricating means 
adapted for operation during the initial engine 
Operation, and means responsive to the engine 
operation for selectively effecting flow of lubri 
cant to the lubricant conducting means during 
engine operation and to said splash lubricating 
means on stopping the engine. 

40. In a lubricating system for an internal 
combustion engine consisting of means for con 
ducting a lubricant under pressure to engine 
parts to be lubricated, splash lubricating means 
adapted for Operation during the initial engine 
operation, and valve means automatically re 
Sponsive to lubricant pressure for selectively ef 
fecting flow of lubricant to the lubricant con 
ducting means during engine operation and to 
said splash lubricating means on stopping the 
engine. , 

41. In an engine, a lubricating system includ 
ing a crankcase adapted for storing a supply of 
lubricant and a lubricant conducting means for 
conveying lubricant to engine parts to be lubri 
cated, a Splash pan, means circulating lubricant 
through the lubricant conducting means under 
pressure, and means for draining lubricant from 
said Conducting means into said splash pan on 
stopping the engine, whereby to provide a sup 
ply of lubricant for splashing during the initial 
Operation of the engine. 

42. In an engine, a lubricating system includ 
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ing a crankcase adapted for storing a supply of 
lubricant, a splash pan adapted for storing lubri 
cant during idle periods of the engine for use in 
lubricating moving parts of the engine during the 
initial operation of the engine, means circulating 
lubricant through said lubricating system under 
pressure during engine Operation, and means re 
sponsive to fall of pressure in said lubricating 
System for replenishing said splash pan with 
lubricant. 

43. In an engine, a lubricating system includ 
ing a crankcase adapted for storing a supply of 
lubricant, a splash pan adapted for storing lubri 
cant during idle periods of the engine for use in 
lubricating moving parts of the engine during the 
initial operation of the engine, and valve means 
associated with said lubricating system and re 
sponsive to engine operation for diverting lubri 
cant from said lubricating system to said Splash 
pan on stopping the engine. 

44. An engine having a crankshaft, a lubricat 
ing system therefor including a crankcase for 
storing a supply of lubricant and means for cir 
culating lubricant through said system under 
pressure, a splash pan underlying said crank 
shaft and adapted for storing lubricant during 
idle periods of the engine for use in lubricating 
moving parts of the engine during initial Opera 
tion of the engine, and means responsive to the 
fall of pressure in said lubricating System for 
replenishing said splash pan with lubricant when 
the engine stops. 

45. A lubricating system for engines having a 
Crankcase for storing lubricant, a Splash pan 
adapted to store lubricant for use in lubricating 
engine parts during initial engine operation, and 
means responsive to the lubricant pressure pro 
duced in said system by engine operation for 
replenishing the supply of lubricant in said splash 
pan when a predetermined minimum pressure is 
reached in said lubricating system, 

46. A lubricating system for engines having a 
crankcase for storing lubricant, a splash pan 
adapted to store lubricant for use in lubricating 
engine parts during initial engine operation, 
lubricant conducting means communicating with 
said system and terminating in relation to said 
Splash pan to deposit lubricant in said splash pan, 
and valve means controlling lubricant flow 
through said conducting means, said valve means 
responsive to the lubricant pressure produced in 
said system by engine operation for opening said 
lubricant conducting means when a predeter 
mined minimum pressure is reached in said lubri 
Cating system whereby to replenish the lubricant 
Supply in said splash pain. 

47. In an engine, a lubricating system includ 
ing a crankcase adapted for storing a supply of 
lubricant and a lubricant conducting means for 
conveying lubricant to engine parts to be lubri 
cated, a splash pan adapted for storing lubricant 
during idle periods of the engine for use in lubri 
cating moving parts of the engine during the 
initial operation of the engine, means inducing a 
flow of lubricant through said lubricant conduct 
ing means, and means Operable to drain lubri 
cant from said lubricant conducting means on 
stopping the engine for replenishing said splash 
pan with lubricant. 

48. In an engine lubricating system, a splash 
pan, a lubricant Supply means through which a 
lubricant may be conducted under pressure to 
engine parts to be lubricated, a lubricant reser 
voir separate from said lubricant supply means 
and having an inlet and Outlet, and valve means 
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actuated in response to a predetermined pressure 
drop in said lubricant Supply means for opening 
said reservoir Outlet whereby to drain the con 
tents thereof into said splash pan. 

49. In an engine lubricating system including 
lubricant conducting means, a lubricant reservoir 
Separate from Said lubricant conducting means, 
a Splash pan adapted for storing lubricant to be 
Splashed on engine parts to be lubricated during 
the initial operation of the engine, and means for 
draining the contents of the reservoir into Said 
Splash/pan on stopping the engine. 

50. In an engine lubricating system including 
lubricant conducting means, a Splashpan adapted 
for storing lubricant to be splashed on engine 
parts to be lubricated during the initial Operation 
of the engine, and means separate from the lubri 
cant conducting means for refilling said splash 
pan with lubricant on stopping the engine. 

51. In an engine, a reservoir from which lubri 
cant may be splashed onto bearings, a second 
reservoir, means for drawing lubricant Out of 
the first-mentioned reservoir and advancing it 
toward the Second reservoir, means for drawing 
lubricant out of the second reservoir and advanc 
ing it toward bearings of the engine, a lubricant 
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conditioning element through which lubricant 
paSSes on its Way from the Second reservoir to 
Ward bearings and means whereby the lubricant 
may be returned to the first-mentioned reservoir 
instead of being delivered to the bearings. 

52. The method of bringing a liquid to a desired 
temperature condition which consists of intro 
ducing into the liquid enough gaseous bubbles to 
expedite considerably the transfer of heat to or 
from the liquid and advancing the mixture of 
liquid and gaseous bubbles bodily through a heat 
exchanger in heat exchanging relation with a 
hotter or colder medium. 

53. In apparatus for bringing a liquid to a de 
sired temperature condition, a heat exchanger 
with a passage in it through which liquid is COn 
strained to flow in a confined stream, and means 
for introducing into the liquid enough gaseous 
bubbles to expedite considerably the transfer of 
heat to or from the liquid and advancing the 
mixture of liquid and gaseous bubbles bodily 
through the mentioned passage in the heat ex 
changer in heat exchanging relation with a hotter 
or colder medium. 

JAMES B. WATSON. 
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