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HATIONAL ADVISORY OOMMITTEE FOR AERONAUTICS
MEMORANDUM REPORT

for tho

Army Air Forces, Mrtericl Command
A LABORATORY-TUSTED CONSTANT-LEVEL: OIL SUMP TO PHEVETT
AERATION OF SCAVENGED OIL FROM AIl AIPCTUAFT EFGINE

By I. Irving Pinkol and Howard D. Plumly

SUMMARY

A combinstion oil sump and scavongo purp wes constructed to
olinin~rte nome of the oil~syston difficultles 1n an ailrcraft ongine
that rcasult frow tho aeration of the scavanged engine 21l and the
alr-lock of the ccavango pump. Alr 1s preventod from entoring the
scavengo purp by a cilumn of oil in the sump abovo the numo inlet.
Thies colurn of oil is mainteinod by rcturning some nr all :f the
scavongo-ow delivory t> tho sump. An asutomatic velve, controlled
by the oil loveol in the summ, regulatos tho flow of tho oll bypassed
to the sump.

Laboraotory cll-scavenge tests were conductod with a constant-
lovel oil sump et sea levol and the valuo of sach a dovieco for pro-
vonting oil sor~tion nnd scavenge—pump air-lock was determincd.
Thorc tests shovod that tho dovice does prevont tho acration of
scavonged oll and scrvongo~pump alr-lock. Tests of the device
under conditiens slrmlating altitude flight, mounted on a nulti-
cylindor full-scale onginc on a torqueo stend, =nd in flizht arc
wvarrantod by the rosults of tho laboratory tosts. Doteils of tho
construction of tho dovico aro includod.

IHTRODUCTION

Tho invostigation coscribed in this rcoort is part of tho gon-
oral study of the nroblom of onglne o0il scavonging roquosted by tho
Army Air Torces, Matoriel Commend. The work roportod coverc sca-
levol lerboratory tosts of a constant+level crankcnse oll sump that
is dooignod to prevont thc aoration of scavengod oill and tho air—-
lock of tho scavenge »umm.

In presont oil systonas tho aeration of tho scavongod oll occurs
bocause tho scavongo pump, which circulatecs oll from the engine sump
to the oll tank, has & capaclty as groat as twice that of the pres—~
suro purm, which circulates oil from tho tairk to tho ongine. The



excess capacity of the scavenge pump 1s satisfied with crankcase gas
that flows to the oil tank with the o0il where 1t often produces oil
foam. Sufficient foam can accumulate to fill the oil-tank air
space, the oil-tank vent line to the crenkcase, and the crankcase.
When this foaming condition exists, oll foam 13 observed to pour from
the engine breather. The oill lost as foam can represent an appre-
clable part of the total oil supply.

A second oil-system difficulty that is attributable to over-
capacity of the scavenge pump is the frequent loss of prime, which
occurs when the scavenge pump has removed all the availsble oil from
the engine oil suny. At altitude, where the atmospheric preesure is
low, the scavenge puny. is slow to prime and sufficient oil can accu-—
mlate in the crankcase to cause some oil to be lost through the
engine breather with the blow-by gases. It is believed that many
instances of o0il loss from the engine breather are erroneously attri-
buted to oil foaming when an air-locked scavenge pump is really at
fault.

A combination sump and pump that maintains the oil level in the
sump at a specified height above the scavenge-pump inlet has been
constructed and tested at the NACA Alrcraft Engine Research Laboratory
during the period from October to December 19L43. The maintenance of
a column of oil above the scavenge-pump inlet at all times during
level or near level flight, no matter what the rate of flow of oil
into the oil sump may be, prevents air from entering the scavenge
pump to aerate the oll or to air-lock the pump. The oil level in
the sump lg maintained by an automatic scavenze-pump—delivery bypass
valve which returne some or all of the scavenge-pump delivery to the
engine sump as required to maintain the sump oil level.

DESCRIPTION AND OFTRATION OF CONSTANT-LEVZL GIL SUMP

A sketch of the sump and scavenge pump is shown in figure 1.

The pump P is attached to the under side of sump A and is driven
by hollow spindle S, running in bearings B and B's Spindle S
is powered from the engine accessory drive through gear G.  Sump
oil flows to the pump inlet through tube T. The large channel in
bearing B is provided to conduct pump delivery oil to spindle S
vhere an automatic valve arrangement controls the quantity of oil
bypassed back to the oill sump.

The automatic bypass-=valve mechanism is made up of spindle S,
rotor assembly R, and sleeve valve V (figs.l ahd 2), Rotor
assembly R 1is mounted on spindle S and turns with it by means of
pin Sj, which is fastened to S 3and extends through cam slot Ro

in sleeve Rj. Rotor assembly R 1is free to rotate on spindle S
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within the limlts imposed by the length of the cam slot Rp, which
is inclined 15° to the spindle axis and is so directed that the 1lift
" &htl drag forces on the.rotor-assembly blades moving through the oil
in the sump will csuse the rotor to turn and rise on the spindle. --
Sleeve valve V s8lides inside spindle S and is fastened to rotor
agsembly R by pin V3. This pin extends through cut-outs Sp
and " Sp' in the spindle and moves sleeve velve V with the rotor
asgembly. Ports V7 and Vy' nare always so positioned in cut-
outs Sp and S3', no metter what the oriemtation of the sleeve
valve, that the hollow center of the spindle is always in flow commu-
nication with the sump. 4 second pair of ports V, and Vp' near
the lower end of the slesve valve Are exposed through spindle cut-
outs 53 and 83' when bhe sleeve valve 15 at its lowest position

(fig. 2(a)) and are completely eoncesled by spindle S when the
sleeve valve is at its highest position (fig. 2(b)). Becauce the
sleeve valve moves with the rotor assembly, the area of ports Vs
and V! exposed through cut-outs Sp and Sp' will depend on the
elevation of the rotor assembly.

One end of spring W 1s fixed to spindle S and the other to
rotor asscmbly R. The spring forca tends to turn the rotor assembly
in the direction of rotation of the spindle snd therefore acts to
lower the level of the rotor essembly. The 1lift and drag forces on
the rotor assembly spinning in the sump oil, gcting through cam slot
and pin 57, exert a2 torque on the rotor assembly that is directed
opposite to and exceerds that procduced ty the spring. As long as the
oil level in the sump is above the hishest level the rotor blades can
assume, the rotor ngsembly is maintained at its hizhest level and
ports Vo a2nd Vp' sre concealed in the spindle. When the oil level
falls, the rotor e2ssembly and slecevc valve drop with it nnder the influ-
ence of spring N and ports Vs and Vp' are exposed.

The constant-level sump operstes as follows: OL1l pours into the
sump from the various sections of the engine and follows the path
indicated in figurs 1. If the rate at which the oil enters the sump
exceeds or equals the capacity of the pump, the rotor assembly assumes
its highest level and the bypass ports V, and Vo! are closed.
Because the scavengz—pumu capeclity exceeds that of the pressure pump
delivering oil to the engine, the sump oil level will eventually drop
below the meximim rotor level. The rotor will follow the oil level,
and bypass ports Vs and Vo' +1ill open to permit some of the scav-
enged oil to pass into the sump via the hollow spindle S5 and ports Vj
and Vy!. If the 0il flow into the sump bzcomes steady, the rotor
will assume a level such that the proper smount of scavenge-pump oil
is bypassed to the sump to maintain this level. The flow of oil to
the oll tank is than equal to that entering the oil sump. When the




oil flow to tho sump stovs, the o0il lovel, and with it the rotor,

drop to the lowest rotor position. Bypass ports V2 and 72' aro
wlde opon end, if tho vrrious ports and channels in the byposs systom
are large cmough, &ll the scavenge-pump delivery 1s sont baclkk to tho
gpurw, 4 minimum oll-sump level 1s thus ostablished thet is sufficiont
to keon tho scavongo pump and its inlot filled wlth oil in lecvel or
near lovel flizht nt all timen. Aeration of tho oll by the scavcenge
pump and loes of prime does not occur. 01l foenming is mininized -nd
crankcase flonding due to slow scrvenge-purnp priming ie provented.

Loss of secavrngoe—puwm primo will occur with this surm during o
steop dive or inverted flight. When normal flight is resumed, tho
suv brpess velveo wlll be opon for a short tine end the scavenge vump
ghould rrinc morc qulckly thar the scavenge pump of = conventlonal
0il aystom, which must remove tho air from the wump ngainat tho flow
rosistanco of tho o0ill in the lines tc tho oll tank.

DISCUSSION
Tost Results

Leboratory tests of a scavonge purp—-sutp combination similar to
the one descrlbed in thls report have showr thet the device 1s reliable
and satisfactorily fulfille its function at spindle rotational svpeeds
as low ag 700 rpm. The whirling of the rotor assezbly produces little
or no asration of the oil., Some oil-foam breaking is accomplished by
the mechanicael and centrifugal action of the rotor on the oll foam,

Desirn Recommend-tinne

Aeretion of the sump oil by the returning byparsed 0ll is avoided
if provision 1s mede for intrcducing tnils bypessed oll below the oil
level in the sumo. If the bypassed o0il is permitted to strike the
0il surface or even the walls of the sump at hich speeds, considerable
air will be mixed with the oil. F¥or this reason, the throttling
bypass vorts corresnonding to Vp and Vo! should be imaersed in the
oil. In the design described, the bypass ports Vp and Vo' are
covered by & column of oil inside svindle S reaching to vorts Vi
and Vi', which are large and always onen wide. This oil ecolumn
will always be present no matter what angle the oil surface in the
sump may assume relative to the sump axis during nonhorlzontel flight.
Porte V3 and Vi'! chould be located well below the minimum oil
level. The oll-level control mechanlism should be desisned to overate
at engine speeds as low as one—~half the normal idling speed.
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A proposed method of attachment of the constant-level sump to
the engine crankcase ls schematlcally illustrated in figure 3. The
exact method of driving the spindle 1s not shown dbzcause 1t will
depend on the design of the accessory section of the engine. The
solenold velve ghown on the scavenge—~nump bypass line 1is used to
ehut off the bypassed oll flow in the event of fallure of the sump
oll-level control mechanlsm or when the ergine is rotated at speeds
too low to cause the oll-level control mechanism to onerate, as
during engine sterting. When the o1l byvass system ls closed, the
sump and pump will operate in the same marner as current scavenge-
oumn systems.

Alrcraft Engine Research Leboratory,
Nutlional Advisory Commitiee for Aeronsutics,
Cleveland, Ohio, April 6, 194k,
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Flgure 1. - Schematic view of constont-level oil-sump assemdly.
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(a) Bypass port open. (b) Bypass port closed.
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Figure 2. - Detail of oil sump level control valve.
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Figure 3. - Proposed sump attachment to
cronkcose.
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