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An Experimental Study on the Measurement of Water Content in an
Lubricating Oil by Implementing a Dew-point Condensation Sensor

Hosung Kong, Eui-Sung Yoon, Hung-Gu Han, Hak Yeul Kim
Tribology Research Center, KIST

Abstract - Presence of water in the lubricating oils could be one of the first indicators of
potentially expensive and possibly catastrophic failure of the machine as it may cause
displace the oil films to prevent the lubrication function of the oil or chemically react with
many oil additives resulting in the oil degradation. In order to detect water content
quantitatively in lubricating oils many methods and sensors has been developed. Among
these, capacitive sensors including sensitive layer, whose dielectric factor changes according
to the water content absorbed in the layer, are proposed mainly in the market. But these
sensors are not sensitive to a high water content. Besides, the absorbing layer soils in time.
In this work, an evaporation of water moisture from oil into air volume above lubricant
surface and condensation of water vapor at a cooling surface was used to measure water
content quantitatively in an lubricating oil. Laboratory test results of a prototype sensor were
presented. Test results showed that the proposed method could be avaliable to measure a low

levels of oil moisture.
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Table 1. Water forms in oil.

Water form |Size dispersed Optical
in oil particles characteristics
Water hydrogen
Dissolved bonded to the
Transparent
water hydrocarbon

molecules of oil

X From transparent to
Emuls |Micro {0.01 - 0.2 um .
semi-transparent

ion Macro 0.2 - 50 um Opaque
Free water  |separated from oil
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Table 2. Dependence of dissolved water
content on the lubricants types.
Normal water .
Lubricants type Saturation level
content
Diesel engine oil |0.5% (5000 ppm) |1 - 5%
Industry oil 0.02 - 0.06% 0.06 - 0.5%
Hydraulic oil 0.05 - 0.15% 001 - 0.1%
Gear box oil 0.05 - 0.15%
Turbine oil 0.05 - 0.15% 100 ppm
Transformer oil 1 -3 ppm
Pure mineral oil 1 ppm

131



o] stx9] 4ol HlastEZ, vjd el
At e AFH FE, C, (weight
concentration, ppm &2 AF%)= oS A1)
3 ol ojd W FE stz FESH P
(partial pressure)ol| B} &3k},

C=KP (1)

Aol KE Henry 4g-olth vide] &
oz 23}HJL o, A7 T3 2PS Hd
1} 2o

C,=KP, (2)
A@NA Cse= w89 L3 E, Pse uE

o] 2= oA X3} oA e

Sy A9 @

2e 727 elm@th 47 § Hozre o
& e 7E + A% 3,
P
C=C,— (3
B (3)
43 2 (AN A8 45 Ke C/Psel
o ojRe] $HEFRE BAG WA o

3 g 8 ¥3 it FolFod
BE e A e £E A gEs &
Agogn & £ ok 2y olzT T
gdo] 26 wld Wz = e

=
Agto] QoA 2=of e 1wt FFFHL
2 glojof it}
gutdoz o | FEFFL - 2
& A AR EA4AQ] g2 ZAHEd A W
A2 29 AT Fo| EASE 2 FFE
] Fele] HEkE%(mass concentration,

ppm)E FEAISC o8 AW E T R
ol Roz 3t HA(titration) S °l&3<=
Karl Fisher®l ##&7% W& &
7] #el 9lded 10 ppm FE ‘;’:‘
o] %‘-%‘Q‘: /\——i °‘E4?<1 4=

o
0&‘3-

calcxum hydnde test kit7} ©]&%7)
, A7) HHe 29 ol free water?t

ok o & AL o
i b o o

=

& Foln % dod 299 A THE
£ e SE Pl Bt AAHOZ AT
2y Ho EAlste +2 F& Ao 3
MEZ Uehdg. 09 o SR Y
st stuigtE S% wael mehy $2o] &

dEln FHEE 540 daAnE Ay W
"Q"“ o3t HH Yol & AR o AFA
Axngel 9oy B &Y 5 Uk

(5].
A ARE 2@l FFHEE 0914 1
Ato) o] water activity Belsle] &A= A

oltt. A7ldM 02 2d W]l FEo] AH
q&e 9ustx, 1& FEol T U=

A& ongaie]. wetr water activity7}
09 H=ol trizd odd eEst paE
Aol 28 e gsi=le] W FEE] free
water2 € 4 & 9dAel de e
2 gAsA gk

U, 24 2457} wrol A 1000 ppm ©}3+9]
gae A3y T FaEe] vn
2

olr
-

o M

1S
4
offt
)
o

2
X
Lo
i
ud
ox
o

X o o

2
Ao
L
'nmr«iﬂ
o2
=
iz,
oo ol

,.
o
= 2 g

A}
N
X

o <4 o i ™ e hu

>
oo o
B

o
ir
o
o
=3
®
koo x>

Mo A 2
_(|)[_|‘
g

gt 2 30 o

2ol o
B0
ox

SO o Y
o
5

koot ric

e
o
23
it
L

o
-
N
_—

L%

zl_,

3

r;"

>

o i
rir

o &

o
e fr R

At

o fo
nE
1o
2
N
)
Jim
oX,
o
W
)
o
e
£

e
R )

W

o9s 3ns
¥ geosl, 43

ﬂ s
A ey
o
o o
fe ol
od of g

_‘N (e N‘m
o
o
ick
il

1o

A

o

o

AU

jn

ulo

L o

fD

£ T o E
=] l
32l 32 3L o

SR~ FIREE

oH8-171.

132



Built-in water content sensors

{
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|
|
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Sensors based on water
electrical properties

Optical sensors

}

Sensor with altering fiber core

Capacitive sensors
Resistive sensors

Capacitive sensors

Reflective sensor with sensing end

Evancent sensor with sensing cladding

}

Capacitive sensors [~

Photoacoustic sensor
IR absorption sensor

Water evaporation sensor

Fig. 3. Overall view of built-in water content sensors.
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Fig. 4. Condensation Detector of Water in Oil:
1 glass chamber; 2 and 3 inlet and outlet
for oil flow; 4  grade sensor; 5  Peltier
Module; 6 heat sink; 7 temperature sensor;
8 air humidity sensor; 9 drain air tube; 10
oil temperature sensor.

Fig.5. The grid (comb) structure of sensor
capacitor: ¢ is electrode thickness and * is
gap between electrodes
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Condensate sensor (Ugr), and grid temperature
(T) in the course of measurement.
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Fig. 7. Block diagram of
capacitance of sensor grid.
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Fig.10. Correlation between outputs of air humidity sensor (Uah), Condensation sensor (Ugr)
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