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Aeration properties of lubricating oils

Terms: Air entrainment, Microfoaming, dispersed gas

DEFINITION: Aeration is a characteristic of an oil for
Its tendency to retain free air above the absorption
limit at a given pressure and temperature.

* OQOil aeration is important for good mechanical operation.
Free air impairs mechanical performance because of:

1.
2.
3.

4.

Cavitation in components by absorption and release
Wear by irregular (potholed) oil film

Oil compressibility (“sponginess”) affects response in
hydraulically driven component operation

Oxidation reactions in a larger area of contact with
oxygen and pressure cycles affects drain cycle and
deposit/varnish formation



Aeration, Air Release, Foaming

* Previous test methods for aeration testing:

— ASTM D-8047 Engine oil aeration resistance in CAT
C13 heavy-duty diesel engine. COAT replaces D6894
as part of the PC-11

— Air release test ASTM D-3427 and foaming test ASTM
D-892 are insufficient to characterize air/oil interaction
In performance drivetrain components

— 1SO 12152 Flender foaming test, stops test to
measure increased volume in a ruler



Diagram of Testing Device
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New test method to measure Oil Aeration

Measures dynamic gas holdup in lubricating oils

Principle of operation/test description
— Aeration by simulation of a air vortexinto the oil

Aeration measured in steady agitation

— 700 ml test fluid; Sample heating (25°C - 120°C temperature control), time
30 minutes

— Turbine mixer develops vortex action to entrain air, Peristaltic pump moves
a slipstream to test cell

— OILPAS Optical imaging device measures bubbles in the test cell
— The OILPAS algorithm evaluates online the dispersed gas ratio % in oil
— Deaeration measured in time to release and speed of release

Repeatability demonstrated



Set-up — Bench Test 2

Calculation the aeration %
based on bubble
measurement

Pump/Test Cell/
Microscope/Ima

ging

Aerator, conditions
control Speed,
Temperature, Gas
can be simulated in
a dynamic cycle




Fluid Aeration Live Testing

k - g Aerated Sample

Samples can be easily changed,
allowing for scanning a large

mber of samples and
formulations

Adjustable frame for
different sample sizes up
to 5 liter

Speed and Temperature can be
adjusted to simulate a dynamic
driving cycle



Software — Evaluation

@ Oilpzs [EN] OILPAS .15 =R
c @ n exo Connect Disconnect i Settings Measurement Preview Evaluation Diagrams
+1 678'806'01 31 _ _ _ Original “ Marked Parameter Bubbles Particles M
info@conexotest.com s | e |
et Date: 7H9I2016
Set position: [46761 Time: 11:05:49 AN

Objects: 53
Particles. 0
Bubbles: 41
Opacity. 43.0%

Actual position:

B3
Ilfil

ol RemateCapture DC - x Setvalue [%]

FielF) Camera(C] Shooting(S) Help(H) Drehzaht: 0.0 1imin

Actual value: S

=3
£

i 5 1 Last 0.0 Nm
@mmww G [dm 2] Release Analog 200 V
@, (B 3 Current P-nlet

aF Analog N300 V

™ Add comments shown beiow P-Outiet

Main pump

Digital IN-0: OF
Digital IN-1; Off
Digital IN-2. Off

Dighal 3 O Algorith m
'evaluates
images

P-Flowcell In

P-Flowcell Qut

v

EE
i

Tnlet
Setvalue %] TOutlet
Actual value: T-Floweell In
T-Floweell Out

T-System:

bl ﬂl i‘ - Digia 40
Fan2 On | Of - Digital IN-1
Fan?'ilﬂl- Digital IN-2:

Current.

Live
Camera
Feed

Digital IN-3:

| Tank illumination

i |
e ey o | o | -

[uanualsecton - Certer +| |
et ) F iy Flash control Analog IN-2:

Bubble
I , B | 7] Duraton s} AnalagIN-3 . , H istogram

,—_lu" g Pause [ms leasurement N Buboe fr m

= Objecton edge O

AF operaton: Brightness ] oo ;
[ tot classified

AF lock M
- - & & _ = i s
_I Parice Size Histogram Bubble Size Histogram m a ge

Drehzahl

ﬁ
@

@
=l

g
=]

n

Pause
Test capture —I T1EF NEEN ENEERNEEERRN
Automacmade P TELE P T S B
" i ) ENEENIERNEN ata
<, R =, RN I TN UL O O
H e - IS ST N N N
E i I T A (e
r4 [ " T T i T ' i v i i i i i
P Tl rns
0 T T T T T Y T T T T T T
234567089 012IMEETBIINARDABBABBN 20 N 4 0 60 70 80 90 100 10 120 130 10 150 160 170 180 130 200
Equivalent diameter/ um Diameter / pm

(Outpul vofage pariick = 1,000V ; Ouiput voliage bubble = 4 420 19.07.2016 11.06.04, Captured image! ¥
|




Software — Data Diagrams
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Aeration Comparison 10 Engine Oils

All Samples are engine oil API SN grade 5W-30

RESULTS
Oil Code AD-FS BD-FS GN-FS HN-SB JN-MIN CD-FS DD-SYN ED-FS KN-MIN  [FD-FS
Description [Dexos2 [Dexos 2 Dexos 2 Non Dexos, Non Dexos,Dexos 2 Dexos 2, |Dexos 2 Non Dexos,|Dexos 2
Full Full Full Synthetic Mineral Full Synthetic  [Full Mineral Full
Synthetic Synthetic [Synthetic Blend Synthetic Synthetic Synthetic

Aeration (%)
AVGTested | 5.50 3.86 4.30 5.61 9.87 554 4.25 330 11.08 4.23
Deaeration
Speed (Min) 2.5 3.3 4.1 2.2 3.3 4.3 2.3 3.6 5.0 3.7
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Correlation to Engine Testing

Oil Sample A: OW-20 Engine Test WOT  |Aeration Bench Comments

[Mean Aeration During Test (%) 10% 9.1% ™~ 10% correlation margin
Time for Deaeration (minutes) Not reported 3:05 Time to release 99.8% of air
Oil Sample B: 5W-40 Engine Test WOT  |Aeration Bench [Comments

[Mean Aeration During Test (%) 19% 20% ~ 5% correlation margin !!!
Time for Deaeration (minutes) Not reported 2:45 Time to release 99.8% of air

A direct correlation could be found between the bench test rig
and the engine test at WOT regime



Conclusions

Aeration screening in the lab can quickly benchmark the natural
characteristic of an oil to retain free air

Method was verified at testing a large number of different
lubricating oils, additives and other fluids

Measures both dynamic gas entrained and air release time,
It shows correlation with ASTM D3427 test method

Provides a measure of dynamic gas holdup and bubble size
distribution (not provided by Coriolis sensor), thus adding further
insight into the aeration characteristics of an oil.

Provides OEMs/Equipment Builders and End Users an alternative
method to test candidate fluids for aeration properties

Test Method Guides OEM to design components considering the
aeration characteristic of for the oil that is recommended for the
specific application
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