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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS.

TECHNICAL NOTE NO. 88.

TEST OF OIL SCRAPER PISTON RING AND PISTON FITTED
WITH OIL DRAIN HOLES.

By H. 8. UcDewell,
Aeronautical Engine Testing Laboratory,

BUREAU OF AERONAUTICS.
Nawy Department.

1. The tests herewith reported were undertaken to determine

whether or not & properly located and properly designed oil~
scraper piston ring, installed on a piston provided with oil drain
holes of sufficient area, would prevent the excessive oiling of
the Liberty engine, particularly with the engine run at idling
speed with full oil pressure.

Ipntroduction:

3. The Liberty engine, when eduipped with production rings,
installed as designed and operated at full speed at the designed
0oil pressure of 50 1lb. per sd.in., oils up and throws dense
clouds of black oil smoke out of the exhaust porte even when oper-
ated with a carburetor setting so lesan that the mixture periodi- ,
cally back-fires through the carburetor. For this reason a carbu-
retor setting cannot be obtained by observation of the exhaust,
as 1%t has a smokey, over-rich appearance at all settings. When
it is attempted to idle an engine equipped as sbove, the oll pump-
ing is so bad that, after from five to fifteen minutes' operation
at 1dling speed, oil commences to run out of the exhaust ports
and the engine must be opened up periodically in order to clean
out the spark plugs and keep them functioning.

3. In order to reduce this oiling, holes were drilled in
the oil pressure rellef valve so that the pressure, under which
the oil is fed to the bearings, is reduced from the designed
value of 50 1lb. per sq.in. to from 30 to 35 1b. per s4.in. at full
speed. An engine with the oil presasure so regulated does not oil
up as badly, as the original production engine and can be idled
for muoch longer periods before oil is pumged out of the exhaust
ports and the spark plugs fouled, but, even so, the course of an
airplane eduipped with this engine can be traced for over an -
eighth of a mile by the black 0il smoke left floating behind.

4. Following the practice obtaining in automobile engines,
the use of an oil pressure relief valve whoge . opening is regulated
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by the manifold vacuum was suggested., This method is similar to
that mentioned in paragraph 3, in that the oil pumping is reduced
by decreasing the amount of oil fed to the bearinges (and, hence,
to the cylinder walls) by reduction of the oil pressure, and aif-
ferg from the former only in that, as the engine speed is reduced
by closing of the throttle, the oll pressure is decreased in di-
rect proportion to the increase in vacuum attendant upon the
throttle closure.,

5. Both of the methods noted in paragraphs 3 and 4 appear
dangerous and drastic and not in accordance with common sense or
engineering principles when the Question is congidered from tie
following viewpoint: All present aeronautical engines are de-
signed, and the bearing clearances adjusted, with the idea of the
shafts, pins, etc., running on an o0il film which supports and sep-
arates them from the bearing proper, and which, conseduently, must
be supplied under a sufficient pressure to insure the maintenance
of this film under any and all conditions likely %o be encountered
in operation. As far as the bearings themselves are concerned,
this pressure can hardly be too great - the greater the pressure,
the greater the measure of safety. This is particularly true if,
for any reason, the viscosgity of the 0il is lowered, since the
probability of the safety of the bearing, even with a very thin
lubricant, is lncreased the greater the pressure under which the
oll film is maintained., The piston alsc, to function properly as
& cross~head, reduires a lubricated surface -~ the cylinder wall ~
upon which to slide. In addition, the oii serves as the vekicle
for dissipation of the very large amount of heat generated in the
bearings and absorbed by the plston heads. Any device, therefore,
which, in order to prevent oll from pumping past the piston rings,
decreases the amount of oil fed (thereby deoreasing the cooling of
both bearings and pistons) and decreases the certainty of mainte-
nance of the oil film in the bearings, and consefuently of the
amount of oil fed to the oylinder walls, militates against the
safety and length of 1life of the bearings and the satisfactor '
rerformance of the pistons in their function as a cross—head;zfig;ﬂ.

8. The absurdity of the attempted cures in paragraphs 3 and
4 is most forolbly illustrated by considering the analogous casge
of a pillow block shaft bedring which, due to inefficient oil
throwers, allows oil to work along the shaft and out of the bear-
ing. An analogous remsdy for this case would be to so limit the
supply of lubricant, without regard for the safety of the bearing,
that the oll could not possibly work along the shafit, out of the
bearing, The remedy, in accord with enginsering principles, would
be to install redesigned, efficient oil-throwers and to supply more
than enough lubricant to insure the safety of the bearings. So,
also in the case of the Liberty engine, the logical remedy for oil
Tumping would be to prevent, or at least greatly reduce, the amount
of oil passing the piston rings by some change in the rings them-
selves, -
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Theo Hist : Degcfintion:

7. When a plston reciprocates in a lubricated cylinderf
there are three paths by which the oll gets by the packlng rings:
1st, the square edge of the ring scrapes off the oil thrown on to
the cylinder wall by the crankpin, leaving on the wall a film
whose thickness depends upon the unit radial pressure exerted by
the rink on the wall, and upon the viascosity of the oil - which,
in turn, depends upon the temperature of the oil. Thie f£film, due
to cohesion and surface tension, remains upon the wall even after
being uncovered by the piston on its downward stroke, and is pro-
tected from the combustion by the dead gas film inherently pres-
ent in every case where heat 1s being tranemitted from a gas or
fluid (in this case the combustible mixturse) to a solid (the oyl-
inder wall in this caée). This dead gas film exists at a tempera-
ture lntermediate between that of the main body of gas and that of
the wall and, conseqQuently, the oil film is probably never sub-
jected to a teuperature approaching its flash point; 2nd, the oil
scraped off of the cylinder wall by the bottom square edge of the
bottom ring piles up against the ring, between piston and cyl@nder,
and is forced through the ring gap to the other side of the xing,
to an extent limited only by the exposed cross—sectional area of
the gap; and 3rd, the ol piled up against the bottom ring also
flows between the lower edge of the ring groove and the ring,
which has been forced agaeinst the upper edge of the ring groove by
the downward movement of the piston, filling the ring groove space
under the ring with oil under the inertia pressure. On the rever-
sal of the piston at the bottom dead center, the rings are forced
from contact with the upper edge to contact with the lower edge of
the ring groove, thus opening a passage, from the space in the
ring groove under the ring to that betwesn piston and cylinder on
the upper side of the ring, for the flow of the oll which was
scraped into this ppace on the downward stroke. This flow is in-
duced, partly by the splash of the o0il in the ring groove, due to
the reversal of direction of the piston, but to a greater extent,
following the suction siroke, by the vacuum existing above the
piston (which vacuum gradually diminishes on _passing from ring %o
ring, due to the packing effect of each ting). In a similar man-
ner the oil passes the several rings on succeeding strokes, until
when in the last ring groove, it is acted upon by the full vacuum,
is drewn into the combustion chamber, and is burned, causing a
smoky exhaust and depositing carbon or unburned oil (if in excess)
on the piston head. If it were not for the vacuum existing above
the piston on the suchion stroke, the flow of oil around the back
and through the gap in the rings would be very nearly equal on the
upward and downward strokes of the piston. Due to the increase in
vacuum with olosure of the throttle, the emount of oil pumped past
the piston rings naturally increases as the throttle is closed, .

8. Many piston rings have been designed with intricate gaps
in an attempt to prevent oll pumping. A study of the Liberty en-
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gine, considering in each case, the worst permissible inspection
clearance, proves the fallady of any device of this type, viz.:
consider a piston skirt diametral clearance of 0.023", a piston
ring gap clearance (in the production, diagonal gap rings) of
C.041%, and a ring groove clearance between edge of groove and
‘ring of 0.003". Consider further, that the plston is hard against
one side of the oylinder and with the ring gap diametrically oppo-
site the point of contact of piston and oylinder. Then the expos-
ed cross-section area for flow of oil through the gap is 0.032 X :
0.041 = 0.000802 ed.in. and the area for flow of oil between ring
groove and ring is 0.003x m % 4.635 = 0,003 X 14.530 = 0.04359
£, in. (where 4.635 ig the inner diameter of the piston ring when
in the oylinder). The percentage of gap area referred to total

area for oil flow is, therefors, pT-Sheasle—rgzzsg * 190 =

%‘8%%%g = 2%- The above is the worst permissible case for both

gap and groove and should be supplemented by considering this same
gap condition compared to the minimum permissible groove clearance
of 0,00135". In this case the area between ring and groove be-
comes 0,00135 X 14,530 = 0.018163 s4.in. and the gap area 1is

0.000902 + 0.018183 ~ ©0,019085

of the total area., In both cases the .cléarances taken have been
those at atmospheric temperature and would not hold except for a
very short interval after starting the operation of the engine.
After this interval, the ring gap clearance and diametral clear-
ance of the piston skirt in the cylinder would decrease (both of
which changes decrease the exposed gar area) while the groove
clearance would increase due to the greater expansion of the alum-
inum piston than of the cast iron ring. The relative importance
of oil leakage through the piston ring gap decreases, therefore,
with increase in the operating temperature, below the already in-
significant figures quoted above. Frpom the above, it is evident
$hat the use or test of any patented ring, which has nothing to
recommend it but a sealing or closure of the gap, is a waste of
time, money, and energy.

9. If a relieved space, with drain holes lsading from this
space to the interior of the piston, is provided on the piston
immediately below the bottom ring, the 0il, which is scraped off
of the cylinder wall by the sduare edge of the bottom ring, will
flow into thls space, through the drain holes into the interior
of the piston, and thence back intec the crankcase more easily than
into the space between ring and groove, This is espsoclally true if
the drain holes are of suffiocient area, because such a passage not
only offers less frictional resistance to the flow of the oil, but
also does not cause the cohesive resistance to flow offered by the
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narrow space betwsen.zingwan& groove, vwhich, in tiost cases, deldom
exceeds O.003" in widthi To &btain the mosk effsctive action, sue
relieved space should be located where the oil.is piled up, when
scrdped off of the cylinder wall, i.e., with the despest space at
the ring itself, and should not be separated from the ring by even
the narrowest land of original skirt. If, in addition to the re-
lieved space and drain holes, the upper edge of the bottom ring is
chamfered or rounded sufficiently to break the sQuare edgs, the
ring will have a tendency, on its upward stroke, to ride over any
0il which has passed it on the downward stroke, rather than having
a tendency to serape it upward, thus allowing the lower, sduare
edge to scrape off and drain away any excess oil on the next down-
ward stroke. Complete constructional details of such relieved 2z
space, drain holes, and chamfered scraper ring are fully illustrat-
ed in Figure 1. It will be noted that, in the case of the Liberty
production rings, the chamfer is carried to a point approximately
0,020" below the bottom edge of the oil groove., If this is not
done the bottom edge of the oil groove in the ring acts as a
scraper on the upward stroke, with results very nearly as harmful
ag if no chamfer were provided. If & ring with no oil groove were
used the chamfer would need to be carried only for a sufficlent
distance to break the square upper edge of the ring.

10. The use of o0il drain holes and a scraper ring of this
type in high speed internal combustion engines dates vack many
years. In fact, many automobile and marine engines, of both domes-
tic and foreign manufacture, and some aeronautical engines {nota-
bly the Mercedes, Fiat, and the earlier Hispano-Suiza engines)
were so eQuipped. Almost invariably, however, this ring, the re-
lieved space and the drain holes were placed at the bottom of the
piston skirt, which location is good practice provided the piston
is of cast iron and the piston pin is fixed in the piston. If,.
however, the piston pin is fixed in the connecting rod or floats
in both rod and piston (with eilther a cast iron or an aluminum pis-
ton), the location of the scraper ring at the bottom of the ekir
is bad practice, since, in either of these cases, the space be-
tween the scraper ring and the bottom ring of the group of rings
located above the piston pin bosses, fills with cil from the pis-
ton pin lubrication, and the oil pumping is very nearly as bad as
if no soraper ring had been used. The above statement applies fo
an aluminum piston even when the piston pin is fastened in the
piston, since, dus to the great expansion of aluminum, oil will
w?rk between pin and piston bosses out into this space. Wherever
0oil, therefore, from the piston pin lubrication can work into the
space between piston and oylinder, the scraper ring, relieved
space and 4rain holes should, without fail, be located above the
wrist pin bosses, as illustrated in Fig. 1.

Method of Test:

11. The engine, fitted with preduction piston rings, was run
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for a series of one (1) hour runs with variocus clubs and at various

throttle positions, taking complete power, fuel, and oil consump-
tion readings. After-this series of runs, “the "engine was dis-
assembled, the pistons were provided with drain holes and chamfered
scraper rings were made from production rings. In both cases,.the
oil pressure relief valve was set to maintain oil pressure gllght—
ly in excess of 50 1lb. per sd.in. Following re-assembly of the en-
gine eQuipped with the soraper rings and drain hole pistons, and
after running-in the engine for a sufficient time to insure proper
seating of the rings, a similar series of one (1) hour ?ests were
run with the same readings observed and, as far as poss;ble, al}
operating conditions maintained the same as on the previous series
of runse. In order to obtain the most striking comparison possivle
of the oil pumping, the engine was idled for a long period at the
conclusion of this series of runs, and the conditions, both during
and at the end of the idling period, were noted.

12. Following this series of runs, the engine was usgd for in-
‘cidental tests at various speeds and powers for a period in excess
of fifty (50} hours as an endurance test of the system, careful
watch being kept in all tests of the functioning of the scraper
rings. At the end of thies period the engine was dis—assenmbled and
carefully inspected for conditiom. .

Resultsg:

13. The results of the comparative tests between production
and scraper rings are given in Table I, and the resulting oil con~
sumptions are most forcibly shown graphically in the upper group
of curves of Figure 3. It will be seen from these curves that the
0il consumption of the engine fitted with scraper rings is only
from one-third (1/3) to slightly over one-half (1/2) of the con-
sumption of the same engine when fitted with production rings and
unmodified pistons. These figures are especially noteworthy in
view of the higher oil pressure maintained throughout the scraper
ring tests than obtailned during the tests with production rings.
The oil consumptions resulting from 75 hr. and 55 min. operation -
extending over a period of five (5) months - on incidental tests,
are shown in the second, or lower group of curves of Figure 3, and
are compared with the oil consumptions of a number of engines .
equipped with production pistons and rings - thus giving a direct
comparison between the average performance of this engine with the
average performance of the average production engine. From these
curves it is seen that the average oil consumption of the engine
fitted with soraper rings is only from 0.45 to 1/3 of the average
consumption of the average production engine.

14. At the oconclusion of the series of one (1) hour compari-

on runs, the engine was idled at approximately 5 +DP.me for ten
?10) hours - div%ded into two (2) pggiods of f¥ves?5§ Eours each.


http://www.abbottaerospace.com/technical-library

-7

During thie entire period, tune carburetor throttles were not once

opened to clean up the plugs; ewvery plug functioned perfectly
throughout the entire period, and not a drop of oil was pumped out
of the exhaust ports. At the end of the first five hours of id-
ling, the engine was shut down by opening the ignition switches
and without opening the throttle. The following morning the en-
gine started without difficulty of any kind with the original
spark plugs, which had not even been removed from the engine for
inspection. At the conclusion of the ten (10) hours of idling,
the engine was shut down in the same manner as at the end of the
first five (5) hour period. The plugs were then removed for in-
gpection and wers found to be entirely dry and free from oil. .
Without cleaning or adjustment of any kind, the seme set of plugs
were then re-installed and the engine started. Af ter warming up
at idling speed for fifteen (15) minutes, the throttle was opened
wide and the engine responded without miss or hesitation and with
every plug firing perfectly. These resulis are sspeclally note-
worthy due to the fact that the oil pressure with scraper rings
was maintained, at idling speed, in excess of 50 1lb. per sd.in. -
whereas with the production rings it fell to approximately 38 lb.
at approximately the same speed (see Table I). It was found that,
at all speeds, this engine, when eQuipped with scraper rings, has
a very clear exhaust, notably free from oil smoke.

15, At the end of 75 hrs. and 55 min. of operation on inci~-
dental tests (endurance test of scraper rings), the dis-assembly
of the engine was necessitated bécause one of the aluminum piston
Plugs, or wrist pin stops, becoming loose in the piston, was ham-—
mered to pieces; thus distributing aluminum particles throughout
the lubricating system. As a result of this unfortunate accident,
little could bs told gbout the condition of the main and connect-
ing rod bearings, aside from the fact that they were functioning
properly up to the time that this accident happened. While the
surface of the babbitt in the connecting rod bearings was fillied
with aluminum particles and badly scored, necessitating the re-
placement of these bearings, the main bearings were unharmed ex—
cept for a slight amount of aluminum embedded in the babbitt.

This aluminum was scraped out and thé same main bearing shells
were used when the engine was re-~assembled. Both the aylinder
walls and piston skirts had an ample oil film when dis-assembled,
while the appearance of the bearing surfaces of both piston and
cylinder differed in nowise from that of like parts of the average
production engine on dis-assembly. In every other respect the en-
gine was in excellent condition and, but for this unfortunate oc-—
currence, which in no way could be traced to the use of scraper
rings, apparently would have run and functioned properly for many
more hours without overhaul. The carbon deposits were extremely
light and were very dry and of a loose, flaky structurs, without
a trace of oil. The carbon deposits on the cylinder heads were
lighter even than those on the piston heads and were of a more
sooty structure. :
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Discussion of Resulist

18, The scattering of the plotted points, so noticeable in
the curve (Pig. 28), is entirely characteristic of oil consumption
data and is inherent, both because of the very small welights in-
volved and because of the almost absolute impossibility of repro-
ducing identical conditions at the beginning and end of each run -
when the weights are taken. Considering these difficulties, the
agreement and consistency of the oil scraper ring consumptions is
remarkable. The choice of the average curve which best represents
all of the points in a plot of this character - so aptly described
as a "shot-gun plot" - is extremely difficuld, and it is believed
+that the variation with speed, found in the curves representing
the ratjo of 0il consumptions, is due to this difficulty. It is
found that the assumption of a constant mean value of this ratio
changes the location of either one of the component curves so 1lit-
tle as to be hardly noticeable (computing the values of each compo-
nent curve from the corresponding values of the other curve and
the assumed mean constant value of the ratio). The choioce of the
curves a8 the best average of the plotted points is, therefore,
very closely substantiated, while, at the same time, the probabil-
i;gioftzge constancy of the oil consumption ratio is very strongly

cated.

Conclusiong:

12: The advantages to be derived from the use of oil scraper
rings with mo@ified pistons, group themselves naturally into two
(8) classes - military and economic. The military advantages, as
shown by these teste, are: lst, the tactical advantage due to no
oll smoke, since the course of the pirplane through the air cannot
be ?raced by this means, and 3ud, the chances during glides and
idling, for trouble, which may easgily lead to loss of life, of the
alrplane, or of both, are greatly lessened or entirely removed due
to the almost positive insurance provided by this device against
fouling of the plugs. The economic advantages are; lst, the eco-
nomic feature of the second military advantage; 2nd, the very
marked reduction in oil consumption of from one-half (1/2) to “two-
thirds (3/3) of the usual consumptions (amounting to a saving of
approximately one (1) gallon per hour at the usual operating
speeds); 3rd, the very strong probabllity of very greatly increas~
ed life of the engine between overhauls, together with increased
absolute 1life of the parts of the engine due to the formation of
less carbon and to the lengthened life of the bearings (due in
turn to the maintenance of a better oil film and to the better heat
dissipation); and 4th, lessened chances for burned out bearings or
wrecked comnecting rods and crankcases caused by accidentally or
unavoidably thinned oil (since the higher pressure carried in-
creases the probability of maintenance of oil film in the bearings
even with very thin oil).
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18. The apprehension, when these rings were first installed,
that the scraping action would be too severe - thus leaving too
thin an oil f£film on piston skirts and cylinder walls — is dispell-
ed by the general conditionzof the engine on dis-assembly, the
finding of the actual presence of an ample oil film on piston
skirt and cylincer walls, and by the general satisfactory appear-
ance of these two Dearing surfaces.

18. The difference in the appearance of the exhaust from the
geraper ring engine and from a production engine is so marked
that, when both this engine and a production englne are running
at the same time, even non-technical observers, wio are unfamil-
iar with the changes that nave been made, notice and remark upon
. it. Due to the very much reduced oil pumping, this engine can be
idled for hours at a time without pumping oil out of the exhaust
or fouling the spark plugs.

230. In view of the foregoing facts, it is strongly recommend-
ed that scraper rings and pistons, modified in accordance with
Figure 1, be adopted as standard for aeronautical engines — when
fitted with both low and high compression pistons - and that,
without exception, the oil pressure relief valve be set to main-
tain an oll pressure never less than specified pressure, irrespec-
tive of speed.
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TABLE

I.

Low Compression Liberty Engine #0935, Fitted with

Procducilor Piston Ringa.
Run : Durgst. : N : 0i1l 0il

No.: Date :tion:: Club : r.p.m. HP St.Dry:P=essure: consumption

: : hr. o : :1b/sq. in:1lb/hriln/EP

: : : : tact/hr,

1.1/35/19. 1 . 1700 ; 1744.5 . 403.3 48.0 :14.5 :0.037
3 : 28 1l : 1700 : 1485.1 : 248.8 : LSO.O :13.4 :0.054
3: 26 1 1700 : 577.0 : 14.6 : 27.7 : 2.35:0.155
4: 26 : 1 1500 : 1515.0 : 375.3 : 50,0 : 8.5 :0.035
5 : 27 1 1300 : 1384.4 : 321.8 : 47.3 : 7.0 :0.015
6 : 27 : 1 : 1500 : 150L.6 : 365.4 : 50,0 : 9.0 :0.028
7 1 a7 1 : 1700 : 1737.0 : 398.1 47.6 :13.6 :0.034

Low Compression Liberty Eﬁgine #0925, Fitted with
0il Scraper Piston Rings.

8 :2/35/19: 1 , 1700 ; 1210.8 : 134.8 : 53.4 : 3.2 :0.023

85 : 1 : 1700 : 508.5 : 10.0 51.8 : 0.58:0.058

10 : 36 : 4 : 1700 : 1745.9 : 404.3 58.4 : 5.79:0,014
11 :3/28,19: .1 : 1700 : 1693.1 : 368.7 52.6 : 5,74:0,0154
12 : 28 : 1 : 1700 : 1533.1 : 268,4 : 54.4 : 4.34:0.0157
13 : 28 1 : 1700 : 1210.8 134.8 : 56.0 2. 44:0.0179
14 : 20 : 1 : 1700 : 538,1 : 11.2 53.2 : 1.04:0.0920
15 : 29 : 1 : 1300 : 1283.7 : 331.2 : 53.0 %.74:0.0117
16 : 28 : 1 : 1300 : 1183.4 : 351.1 53.3 : 3.64:0.0101
7 . 239 T 1 1300 : 468.3 : 15,6 : 5B3.6 : 0.78:0,0415
8 ¢ 31 1 1300 : 1293.9 @ 338.9 : 523.0 : 3.20:0.0028
19 : 31 : 1 : 1700 : 1759.4 : 413.7 : 55.0 : 3,80:0.0089
20 : 31 1 : 1700 : 1511,5 : 282.3 : 54,0 : 2.30:0.0085

21 : 3L : 1 : 1700 : 1216.8 :- 138.9 : 53.0 :

2,58:0.019
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