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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

TECHNICAL NOTE 2031

COMPARATIVE FOAMING CHARACTERISTICS OF

AERONAUTICAL LUBRICATING OILS

. By W. W. Woods and J. V. Robinson
SUMMARY

Comparative data are presented on the volume of fosm and the
stability of foams of aeronautical lubricating oils (new and used)
produced at 100° C (212° F) by the air-bubbling method. All of the
data were obtained using the same foam meter, by a standard technique
and at various rates of air flow. The percentage volume increase,
vwhen foams are produced by the beating method at 25° C, has been
included for comparison, as obtained from the previously reported
frothing volumes.

A function V = kA(l - e'at) is proposed to relate volume increase
during bubbling V, rate of air flow A, and continued bubbling
time t. The constants k and a are discussed and calculated for
several oils from averaged experimental data. The constant k appears
to be an inverse function of the bubble size and a 1is related to the
rate at which the steady state of foam volume is reached.

The foam-stability function tg/ho (where Lg .is the average
lifetime of the gas in the foam and h, 1is the increase in height of

the foaming system due to the inclusion of air at the instant bubbling
ceases) has been investigated using carefully selected experimental
data and is shown to be nearly linearly related to the rate of air flow.

It is shown that aeronautical oils froth more than do medicinal
paraffin oils, as would be expected from their higher viscosities.
The volume of froth produced by beating is 10 times greater and the
lifetime of the gas in the foam, even divided by the volume of foam,
is definitely greater. Bubbling does not exhibit such a wide difference
as beating, but, even so, the volumes of foam produced by aeromautical
oils are many times greater than those obtained from medicinal paraffin

oils.

The aeronautical oils definitely differ from each other, and even
different batches from the same company may be markedly different. The
percent volume increase on beating ranges from 72 to 127, and on bubbling
shows as great a range; beating and bubbling do-not give parallel values,
nor does either follow the same order as the stability of the foam

produced.
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" Reproducibility of the bubbling method using porous stone and
fritted-glass bubblers is discussed, and improvements are suggested.

INTRODUC TION

0il-foaming troubles are greatly aggravated by flying at altitude;
the effects of these troubles are well known, but the control of them
is incomplete. Study of these problems includes the study of anti-
foaming agents and the study of refinement of oils so as to make them
nonfoaming. As part of the general problem, the present paper compares
data on the foaming characteristics of various new and used aeronautical
lubricating oils and.some medicinal paraffin oils.

This work was conducted at Stanford University under the sponsorship
and with the financial assistance of the National Advisory Committee for
Aeronautics.

SYMBOLS
rate of air input to bubbler at 95° C, cubic centimeters
per minute
constant for a given oil and a given rate of air input
base of natural logarithms
increase in height of foaming system due to inclusion of .
air (i.e., height at any time t of top of foam
above original oil level), centimeters; note that this

is not the same h wused by Brady and Ross (reference 1)

value of h at the instant bubbling ceases (i.e., in all
these tests, 8 min. after bubbling commences)

congtant for a given oil and given rate of air input
average lifetime of gas in foam, seconds

time while air is bubbled into foaming system during
formation of foam, minutes

increase in volume of foaming system due to inclusion of
air, cubic centimeters; in a uniform tube this is
equal to h times horizontal cross section of foam
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percentage volume increase, O being volume of o0il used
foam stebility

APPARATUS AND EXPERIMENTAL METHOD

The apparatus used was the foam meter diagrammed in figure 1,
consisting essentially of a Jjacketed Pyrex glass tube about 30 inches
long and having an internal cross section of 7.84 square centimeters.
Metered air was bubbled into 50-cubic-centimeter oil samples at 100° C
through a porous stone sphere (Cenco "gas diffusing stone") connected
to a delivery tube having an external cross section of 0.28 square centi-
meter. In one series of tests a Pyrex vertical-type, fritted-glass, gas-
dispersion tube of 20-millimeter disk diameter and “"coarse" porosity was
substituted for the Cenco stone sphere. The rate of air flow was
computed from the pressure drop across a calibrated capillary tube in
the air supply line.

The experimental procedure consisted of noting the rise in the
level of the top of the foam at definite time intervals up to 8 minutes
after bubbling commenced. At the end of 8 minutes the air was shut off
and the uppermost level of the collapsing foam noted at definite time
intervals, usually 15 seconds, until no foam remained. Preliminary
experiments showed that the foam height was within 10 percent of its
steady-state value after 8 minutes.

RESULTS

The data from the measurements upon oil foams are summarized in
tables I to III.

The volume increase was related to the air input and duration of

bubbling by the function V = kA(l - e'at). The parameters k and a
are dependent upon the rate of air input A.

The dependence of foam stability upon rate of air input was
likewise studied.

The findings from these investigations are reported as follows:
Constant k against air input (fig. 2), constant a against air input
(fig. 3), and foam stability Lg/ho against air input (fig. 4).
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Re?roducibility of Foam Tests

Tables I and IT were made up considering all available experimental
data. Where several determinations have been made, the extreme range of
Yalues is reported. It should be noted that there is an over-all
variation of about 75 percent in the foam-stability measurements and
of about 50 percent in the foam-volume measurements. The reproducibility
of these measurements appears to be governed primarily by the condition
of the porous stone bubbler. Any reduction in the effective number of
pores (resulting from clogging with oil, additives, residues, etc.)
tends to produce larger bubbles which are less stable. Ordinary cleaning
methods, such as washing with petroleum ether, are often not effective,
and drastic treatment such as burning out the contamination in an air
stream occasionally results in small cracks and may leave a residual
ash. The construction of the Cenco bubbler (a metal stem cemented into
the porous stone) prohibits the use of acid oxidizing agents in cleaning.
Consequently, the condition of the stone bubbler is indeterminate except
by empirical comparisons on a reference oil, and not controllable except
by selection of bubblers.

A Pyrex, fritted-glass, gas-dispersion tube was substituted for the
Cenco porous stone sphere in a series of five successive tests on
Aeroshell 120 designed to compare the reproducibility of the two bubbler
types. The resulting experimental data were converted into percentage
volume increase and values of Lg/ho by the calculations explained
below, and the results presented in table IIT for comparison with
similar data obtained using the Cenco bubbler.

Except for the difficulty of cleaning the stone bubbler, the
experimental factors affecting reproducibility are readily controlled.
The data in table IIT indicate that, with a fixed bubbler condition,
the variation in either percentage volume increase or foam stability
.1s less than 10 percent. The much greater ease of cleaning the fritted-
glass disk makes its use preferable to that of the stone sphere. Partial
clogging of the pores of the stone sphere may cause a change of nearly
100 percent in foam stability.

Treatment of Data

. The -foam height used to calculate the values of percentage volume
increase listed in tables I, II, and III was measured 8 minutes after
bubbling commenced. The volume increase at any given time is equal to
the height increase (in cm) multiplied by the annular cross section
(in sq cm) of the tube occupied by foam. The percentage volume
increase l??V is 100 times the ratio of volume increase to the

original oil volume.
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The ratio Lg/hy, as reported in tables I, II, and III, is a .
derived unit representing foam stability, and is known (from unreported !
data) to.be independent of the amount of exposed foam surface. The |
average lifetime of the foam Lg was determined as shown in the &
;
}
f
|
&

=S
o2

following diagram, with Lg = ﬁ% and %%

Height
increase

of system,
h

Time since bubbling ceased

i

The area S was calculated by means of Simpson's rule from the
experimental foam heights measured during collapse. To simplify the
calculation, the foam heights were measured at 15-second intervals; i
hence the equation for this area becomes - '

hy + hp hp +h3 h3 +h
S=15(122+22 3+32)++...>

An attempt mathematically to relate foam with rate and duration
~§ of air flow was subsequently made, using data obtained with the porous
(e stone bubbler. Because of the aforementioned lack of experimental

2 reproducibility, it was found necessary to average the data (to obtain

[

"average volume increase") from a large number of foam tests on each ;
0il (in the case of Aeroshell 120, 61 foam tests were used). These : {
;

data were first plotted as shown in the following diagram.
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Bubbling time, .t
(min)

Average

volume

increase

of system,
cc

|
i
Ly

Air rate at 95° C, A, cc/min

Sections such as B-B (see diegram) indicate the volume increase at
different bubbling times for any rate of air input. It was found that,
" for any such section ag B-B, rate of air input, volume increase, and

duration of bubbling could be related by the function V = kA(l - e'at).

The constants k and a were computed for each rate of air
input (i.e., a particular section B-B) by successive trial and
approximation, agsuming values of a at 0.05 intervals and then
calculating the valu=z of k <for each bubbling time indicated on
the preceding diagram. When a was correctly assumed, k remained
constant for all values of t. The degree of constancy was determined
by the average percentage deviation from the mean k. For the selected
values of a, the corresponding values of k did not vary more than
10 percent. Data on thrze Navy 1120 specification oils and one
gynthetic oil were treated in this manner. The variation in the
constants k and a with air input for these oils treated in this
manner are shown in figures 2 and 3, respectively.

Table I indicates that in most cases foam stability (expressed
as Lg/ho) decreases with increasing rates of air input during foam
formation. As the over-all experimental reproducibility for Lg/ho
wag poorer than for foam volume, and as less data were available, it
was considered impractical to average values of Lg/ho as was done

in the case of values of percentage volume increase. Therefore, only
those foam data were selected for which the foam volume was within
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12 percent of the average (8-minute) foam value for that air flow.
Using this procedure, and defining "nearly average" volume increases

as those within 12 percent of the actual average, selected measurements
of Lg/ho on Aeroshell 120 were obtained. These data are plotted in

figure 4, which shows that the variation of Lg/ho with rate of air
flow is nearly linear.

DISCUSSION

In considering the function V = kA(l - e'at), it should be

noted that as t tends toward infinity XkA(l - e-at) becomes kA;

hence k 1is the determining factor in equilibrium foam height. The
exponent a, on the other hand, is related to the time required to

reach equilibrium.

Previous experience in this laboratory has indicated that, for a
given oil, steady-state foam volume is a function of bubble size as
well as of rate of air input. At a certain rate of air input, smsall
bubbles will form a definite foam, but larger bubbles will not. The
factor k, therefore, appears to be a function of bubble size. Small
bubbles form more foam than slightly larger bubbles; hence, as bubble
size decreases, k increases. The Cenco gas diffusing stones used in
this study do not produce bubbles of the same diameter for all rates of
air flow. At low rates there is a tendency for all of the air to pass
through the larger pores, and at high rates considerable bubble
coalescence on or near the surface of the stone is encountered.
Consequently, at either high or low air flows, there is a higher
proportion of large bubbles than at intermediate air flow. This
explains the maximum in the k-curve of figure 2. Furthermore, at
high rates of air flow, moderate turbulence occurs in the foam
column, a condition favorable to bubble coalescence into larger
. and less stable bubbles.

Figure 2 indicates that the arrangement of oils in the order of
their foaming volume may be altered by changes in the rate of air flow.
The best reproducibility is given by the lowest air flow that produces
a satisfactory head of foam, since turbulence in the column is avoided.
An air flow of approximately 100 cubic centimeters per minute produces
a maximum of foam with little turbulence (compare fig. 2).

It is apparent that the bubbling method at 100° C using the
Cenco bubbler must be rigorously controlled to achieve reproducibility.
Experience in this laboratory has indicated that even new stones vary
markedly when compared on a reference oil. Table ITT indicates that
Pyrex fritted-glass bubblers may be substituted for the porous-stone
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type and yield nearly the same amount of foam with better reproducibility.
The Pyrex bubbler can be easily cleaned with acid oxidizing agents after
the customary solvent treatment, whereas proper cleaning of the Cenco
bubbler is extremely difficult.

: The data of table I indicate some interesting facts. The
nonhydrocarbon liquids - ethylene glycol, glycerol, and castor oil -
foam much less than the lubricating oils, even making allowances for
the viscosity differences. However, only the ethylene glycol does
not foam; the axiom "pure liquids Mo not foam" (meaning single chemical
species) demands the assumption that the glycerol and castor oil were
not pure liquids, which seems very likely for the glycerol and certain
for castor oil.

Of the three synthetic oils, two of which are hydrocarbon in
nature, two foam less than the 120-grade military aeronautical
lubricating oils (see table I-Concluded) and one (a hydrocarbon)
foams more. The nonhydrocarbon oil was of much lower viscosity, so
the lesser foaming of it is partially accounted for on that basis.

The medicinal oils foam less than the lubricating oils (see
table I-Concluded), but this is accounted for by the difference in
viscosities, as has been previously pointed out (fig. 5, p. 1352,
reference 1).

Table I-Concluded indicates that the foaming characteristics of
the aeronautical lubricating oils used by the armed services vary
within extremes that have approximately a twofold range, both as to
foam stebility and foam volume.

Taeble II shows that less froth is produced from used oils, elther
by beating or by bubbling; but the stability of the froth so produced
is in every case greater. The volumes of froth produced from used
0ils differ more than those from oils before use, but the foam
stabilities become similarly high.

CONCLUDING REMARKS

Data on the comparative foaming characteristics of lubricating
oils, both new and after use, have been redetermined and calculated
by a standard procedure. They are found to differ significantly from
each other. This comparison is believed to be much more reliable

than previously made ones.

For the most reliable foam measurements on oils, the beating
method at room temperature and the bubbling method at 100° C using
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the fritted-glass-disk bubbler, as specified, are recommended. It is
believed that much of the variation in the results reported for the
bubbling method at 100° C would be eliminated by redetermination using
the fritted-glass disk in place of the porous stone sphere actually
used.

An empirical expression has been developed by which the rate of
foam rise may be predicted from & known rate of aeration, by making
use of two parameters characteristic of the oil. It 1s believed that
this expression might be adapted to engineering calculations on
foaming volume.

Stanford University
Stanford University, Calif., June 25, 1945
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Figure 3.- Constant a against rate of air input at 95° C. V=kA(L - e'at).
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A, cc/min

Foam stability against rate of air input at 95° C for Aeroshell 120.

Figure 4.-

NACA-Langley - 2-1-50 - 1050




LS L T 0 -G A PO YU\ S T

Am@ﬁm,wmhm>mm uo 32BIqSqY)

9SJI9A9Y UOC 30BIFSAY)

0G6T Axenagag . 0G6T Axenaqag
TE02 NI VOVN TE€02 NI VOUN

UOSUTAOY °*A °f PuUB SPOOM "M °M Ag UOSUFQOY °*A °L Pue spoom °M °*M Ag

*STTO SBurgeoTaqny

*STTQ BurjedrIqny
TeOT4NEBUOISY JO SOT3STIS90BIEBY) Surureod sATyeIedmo)

TBOTINBUOISY JO SOIRSTISLOBIBRY) SuTwsog SATyBIedmO)

— N 2 W

#°c1 € swags£g QOﬂPonhnﬁn

*A °C ‘uosutqoy pPuB ‘°M °M ‘spoom

(SpTS °8I8M9y UO 10BI}SqY) (P15 9sI2ASY UO 30BIFSQY)

0G6T Axenigsi

0G6T Lxenaqsg
T€02 NI VOUN

TEOC NI VOVN

UOSUTQOY °*A °*I PuB SPOOM °*M °*M Ag

UOSUTQOY °*A °[ PUB SpooM °*M °M A9

*STTO Surgeoraqny *STTO SuTyBoTIqNT
TBOTANBUOISY JO SOTESTJI1OBIBY) JuTweoqf SAT3RIBRAWO) TBOTYNBUOISY JO SOT]STI930BIRY) SuTweoj aAT}eIedmo) ,

W — T

2°1°9'¢ £xqsTuey) ‘uorgeOITIQNT

Engrl , 89UBOTIqNT




TEOC NI VOWN

*TTO 973 JO OIQSTIDLIBIBYD
sxegemesed omg JO 9sn Sulxem £q ‘UOTJRILSE JO 93BI UMOUY
B WOIT Po3oTpaad oq Lemw ssTa WEOF JO 238X oY) TOTUMA

Kq @mmoﬂmbm@ usaq sey uUorgssadxe Teotatdme uy

"poyjem Jurraqng-Ire aut £q (4 o212)
D o00T 3e psonpoad (pesn pue MsU) STTO FurqedTaqnT
TBOTINBUOISE JO SWBOJ JO L1TTTORLS oY} PUR WROJ

JO sumfos oY} uo pejussaxd sxe BIBP SAT3BIBIWON

3081380y

*TTO 83 JO OTQSTISLOBIBYD

sxejemeasd oug Jo osn Sulyem Aq ‘UOT4RISR JO 91EI UMOUY

B WOIJ porotpoad. mp £BmW SSTI WBOJ JO 998X 93 UYOTUA
mﬁ podoTessy usaq -s¥Y uoTsssxdxe Teorardwe uy

*potgem mﬁﬂﬁp-ﬂm a3 £q (4 o212)
D o00T 918 psonpoad (pesn pue #dU) STTO BurqeOTIqNT
TeOTQNBUOISE JO SWROF JO ALQITTQRLS oNf DPue WeOJ-

JO sumToA syq UO pojusssxd axe BABY oATleIedmon

10BI8qY

*TIO SU1 JO OT3STISTORIBYD
mhmpmswnmm oMq JO 9sn JulNeW £q ‘UOTIBISE JO o3RI UMOW
' WOxT pPojorpaxd oq LBW 9STI WEOF JO 998X 3U1 YOTUA

£q pedoTeasp ussq seY uorssaxdxe TeoTaIdwe uy

*POUemW SuTTqqng-ate U3 £q (I o2T3)
O o00T 3® pedonpoad (pssn pue #dU) STIO SUTFIBOTIANT
Tedryneuoase JO sWROJ -JO A3TTTARLS SY3 PUB WBOJ

Jo sunToA 83 U0 pajussaxd axe BYBD 9ATyEIRdWO)

1.0BI3SqQY

*TIO a3 JO OT3STISGORIEYD
sxejewesed oMy JO osn Juryew £q ‘UOTJRISE JO 99BI UMOUY
® WOXJ Pa3orpaxd oq Lem 98TJ WROF JO 93BI 9Y3 UYITUA

£q psdoTaasp useq sey uorssaxdxs Teostardws uy

poylem JurTqqnq-ITe ou3 £q (4 o212)
D 00T %® paonpoxd (pesn pue M3U) sTTO SuryeOTIqNT
TeOT3INBUOISE JO SWeOoF JO L4TTIQR}S SYg PuUBR WEOT

JO aumToA 8Y3 U0 poqussaxd axe B3EP sAaTjeRIRdWO)

FoBIZEqY

PR MR




Reproduced by

N"TTITRAL A8 DICUMENTS QFFILE.

WRIGHT-PATTERSON AIR FORCE BASE- DAYTON.OHIO

GOTBMERY

IS ABSOLVED

FROM ANY- I.I'I'IGATION WHICH MAY ENSUE FROM' ANY
INFRINGEMENT ON DOMESTIC OR FOREIGN PA'I'ENT RIGHTS
WHICH MAY BE INVOI.VED. "




3

X

TN FGACO A (89 K3 47 L] ATT= 17346
Woode, W. W. DIVISION: Puels and Lubricante (12) [ORIG. AGENCY NUMBER

Robinson, J. V. |SECTION: Liquid latricants (5)
CROSS REFERENCES: Lubricants - Foaming (56755.8)
: REVISION

AUTHOR(S)
AMER. TITLE: " Comparative foaming characteristice of aercnautical lubricating oilo

FORG'N. ITLE:

ORIGINATING AGENCY: National Advieory Committee for Aeronautice, Washington, D.C.
TRANSLATION;

COUNTRY | LANGUAGE [FORG'N.CLASS] U. S.CLASS.| DATE PAGES]ILLUS. FEATURES
U.S. Eng. Jun'45) 22 10 | tables, diagrs, graphs

ABSYRACY
Comparative data on the volumz of foam and the stability of foams of aeronautical
lutricating oils produced at 100°C by the air tubbling mathod are presented. The pro-
cedure consisted of noting the riee in level of the foam at definite time intervals up
to 8 mimtes after bubbling commenced. Proliminary oxpsrimznte choved that the foam
height remained withim ten percent of its stoady etate value 8 minutes after aif input
vas stoppsd., Volume increase and percentage volume increase vere calculated.

NOTE: Roquosto for copics of thio roport must bo addrossed tos N.A.C.A., Wochingten,
D. C.

T-2, KQ, AR MATERIEL COMMAND AR VECHNICAI [INDEX WRIGHT FIZLD, ORIO, USAAF
YRO-1 AR @7 1D




CADO CONTROL NO: _ US CLASSIFICATION: ATI NO: OA NO:
unc.lass., o :
3 > {lione )
N : B g v" g
s +504CS © eronautical

S ] Wleldlideta d MGl ING] AUn} e ;'b‘b l%{_}
A5 e
iR - 5 ,1.8 D ¢
'i ‘ Adbinhson, J. v. I ¥ PP
3 y—= =
;.- ORIGINATING AGENCY: = "
ol MLeSHLODG Uinv., Calif. 4 | T~
IS 3 { =
<7 L FOREIGN, TITLES: b
s Y} \\iYedlg 4 i ] o
o ’ ek =S
= e -
4‘ PUBLISHED BY: AV e iakd ALY O a PUBLISHING NO:
¢ S s e N 2031

*  TRANSLATED BY:

TRANSLATION NO:

(N_A.)

wifn
e
N

PREVIOUSLY CATALOGED AS:

é

CADO FORM NO. 5C — LIBRARY CARD



