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ABSTRACT:

This paper presents an experimental study of the rheological behaviour of water-in-oil mixtures without any addi-
tive, up to 10 % of mass water concentration, where the mixture is considered to be a Newtonian fluid. The select-
ed oil is a classical turbine mineral oil. Viscosity was measured for five temperatures, ranging from 10 to 80°C, for
droplet size below 30 um. A light decrease of viscosity was detected for water concentrations below 0.1 %. For con-
centrations greater than 0.2 %, viscosity increases with water concentration. Moreover, the variation of viscosity
with temperature shows good correlation with both Walther model and Mac Coull & Walther model. Finally, a new
model of water-in-oil mixtures viscosity as a function of temperature and concentration was defined.

ZUSAMMENFASSUNG:

Dieser Artikel prasentiert eine experimentelle Studie des rheologischen Verhalten von Additiv-freien Ol-Wasser-
mischungen (Wasserkonzentrationen bis zu 10%). Die Mischungen werden als Newtonsches Fluid betrachtet. Das
verwendete Ol ist ein mineralisches Turbinendl. Die Viskositat wurde fir fiinf verschiedene Temperaturen zwi-
schen 10 und 180°C gemessen fiir Tropfchendurchmesser, die 30 um nicht tiberschreiten. Eine leichte Viskositats-
verminderung wird fiir Wasserkonzentrationen unter 0.1 % beobachtet. Fiir Konzentrationen oberhalb 0.2 % steigt
die Viskositat mit der Konzentration des Wassers an. Die Abhangigkeit der Viskositat von der Temperatur stimmt
mit dem vorausgesagten Verhalten der Walthers und Mac Coull & Walthers Modelle tiberein. Wir fiihren hier ein
neues Modell fiir Wasser-in-Ol-Mischungen ein, welches die Temperatur- und Konzentrationsabhingigkeit
beschreibt.

RESUME:

Cet article présente une étude expérimentale du comportement rhéologique de mélanges huile-eau jusqu’a une
concentration massique de 10 % en eau. Les mélanges peuvent étre considérés newtoniens. L’huile choisie est une
huile minérale de turbines. La viscosité a été mesurée pour cinq températures différentes entre 10 et 80°C, pour
des diameétres de gouttelettes ne dépassant pas 30 um. Une légére diminution de viscosité a été détectée pour des
concentrations en eau inférieures a 0,1 %. Pour des concentrations supérieures a 0,2 %, la viscosité augmente avec
la concentration en eau. La variation de viscosité avec la température respecte bien les allures prédites par les
modeles de Walther et de Mac Coull & Walther. Enfin, un modéle de viscosité du mélange huile-eau en fonction
de la température et de la concentration a été défini.

Key worbs: lubricant contamination, water-oil mixture, water-oil emulsion, viscosity, contamination rate, tem-
perature

1 INTRODUCTION

Lubrication circuits are subjected, from time to

tem must be stopped and the contaminated oil
must be replaced by a neat one. In the case of

time, to water contaminations, either directly by
means of a leakage and either by water conden-
sation. Alittle quantity of water could be allowed
while running the machinery, but when the
quantity of water exceeds a critical value, the sys-
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accidental contamination, like could happen
afterdamages of heat exchangers, the water can
penetrate lubrication circuits very quickly, and
reach very high percentages, very far from the
critical value, before the total shutdown of the
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Figure 11 (above):

Fitting of Walther model
and Mc.Coull & Walther
model to measured oil vis-
cosity as a function of tem-
perature.

Figure 12:
Relative kinematic viscosity.
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3 VISCOSITY MODELLING

In this section, emulsion concentrations are rep-
resented by water volume fraction. This volume
fraction was calculated from mass fraction,
water density and measured oil density. So each
mass concentration can provide different vol-
ume fractions according to the temperature. For
instance, a water concentration of 7 % by mass is
equivalent to 6.15 % by volume at 10°C, and
6.08 % by volume at 80°C. Because of the lack of
precision due to the important sedimentation at
10 % of mass water concentration, this concen-
tration has been ignored in this section as well as
measurements at 8o °Cwhich have beenignored
for the same reason.

In order to compare the effect of the tem-
perature and the effect of water concentration
on the viscosity, the relative kinematic viscosity
V, = Vousion! Vou 15 plotted for all temperatures,
according to water concentration (Figure 12). On
this graph, the measurements corresponding to
0.1 % of water mass concentration are ignored,
so the behaviour of relative viscosity is a pure
increase with water concentration. It can also be
seen on the graph that the relative viscosity
decreases with theincrease intemperature. Con-
sidering a linear variation of the relative kine-
maticviscosity withthe water concentration, the
effect of the temperature can be assumed to be
a simple decrease of the line slope. This means:

3004 McCoull & Walther :
90 @ log(log(v+0,7)) = m.dogT+n
k) m=-3.500 0005
200 \
2 \ n=_8.964 +0.025
o i Ay
g \‘-\ R” - 099997
” 100 N
= o »  Measured
E 504 g 5 Viscosity
= e
Mo 04

280 290 300 310 320 330 340 350 380
Temperature (K)

V,:1+C¥(T)¢ (2)

where ¢ is the water volume fraction and «(T) the
decreasing function of temperature T. Several
forms of a(T) were tested. The admitted one was
the linear relation, which provided better correla-
tion with measurements. It has to be noted that
this form can not be absolute, especially because
it leads to negative values of slope beyond a tem-
perature of about 145°C. Nevertheless, it remains
pertinent to our field of study which doesn’t over-
come the temperature of 100°C. Considering
«(T).¢p very small comparing to 1, the development
of the term loglog(v,) gives:

Ioglog(v,(qb,T))—/Oglog( D”)+/Og(vo,,)/”2(7o) 3)

Now if loglog(v,,) is given by the model of Mac
Coull & Walther, our model becomes:

a¢ +b¢

T" 710" T™10" (

Ioglog(v, (¢.7))=mlogT +n+
4)

The optimal fitting to the experimental results
gives the values of the parameters: m = -3.538,
n =9.059, a = -0.0037, b = 1.546 with a correla-
tion factor R?of 0.999982. Figure 13 shows a com-
parison between the model and the measure-
ments, onthe viscosity-concentration graphs, for
10 and 20°C (Figure 13a), and for 40 and 60°C
(Figure13b). The model shows better agreements
with measurements at low temperatures, but
still pertinent for all measurements.

4 CONCLUSION AND PROSPECTS

Oil-Water mixture viscosity has been measured
for different temperatures and water concentra-
tions without any additive. The effect of concen-
tration on the viscosity was a slight decrease,
according to Dadouche model, for very small con-
centrations. Beyond this point, a remarkable
increase was observed, according to volume ratio
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models, while the effect of temperature was to
decrease the slope of relative viscosity curves. The
experimental results presented here are valid for
concentrations under 3 % and the corrections giv-
en to the experimental values above this point
would need to be validated. Other attempts could
be carried out to reach a higher accuracy, as to
make correction tests at each measurement tem-
perature, in a thermal controlled environment.
Walther model and Mac Coull & Walther model
were validated for oil viscosity, as well as for the
case of water-in-oil emulsions. A new model of
emulsion viscosity according to the temperature
and the concentration has been defined.
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Figure 13:
Comparison model and
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