Dynamic viscosity of liquid mixture
Liquid dynamic viscosity is transport property needed in dimensioning process equipment. As
described in Gmehling et al. [1], one of the models in commercial process simulators utilizes mole
fraction weighting mixing rule to calculate dynamic viscosity of liquid mixture of several compounds:
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In fact, this model, which was default in the selected thermodynamic method, was used in an
industrial case for which liquid mixture experimental data was not initially available. The mixture
consisted of weakly polar component A and water (B), for which pure component data is as follows:

ηA ~ 10 cP
ηB = 0.47 cP
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Mass fraction of water (B) in this mixture was 1 wt.-%.

First, the mole fractions for components A and B were calculated:
𝑥𝑥A =

𝑤𝑤A
MA
𝑤𝑤A 𝑤𝑤B
+
MA MB

=

0.99
1000
0.99 0.01
+
1000 18

= 0.64; 𝑥𝑥B = 1 − 0.64 = 0.36

Then the dynamic viscosity of the liquid mixture was obtained:
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= 0.64⋅ln10 + 0.36⋅ln0.47 = 1.2

ηmix = exp(1.2) cP = 3.3 cP

Calculations, using the mole fraction mixing rule, suggest that the liquid mixture viscosity is only 3.3
cP. Since this value seemed so low in comparison to the pure component liquid viscosity of
component A, another mixing rule, utilizing mass fraction weighting, was selected in the simulator:
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With this model the resulting liquid mixture viscosity was 9.7 cP. Experimental work carried out some
time afterwards indeed validated that the mass fraction weighting gives more accurate result for this
kind of mixture.
In general, one would expect that adding even small amount of lighter fluid would considerably
decrease the viscosity of a more viscous component. For this particular mixture, this was not the
case and only a small reduction in viscosity was observed.
The simple mixing rules for viscosity are empirical, with no theoretical justification, and are primarily
used as a quick way of estimating the viscosity of a fluid mixture. As it is illustrated in Gmehling et
al. [1], they are not suitable for all systems. In fact, Gmehling et al. writes: “This is one of the weakest
areas in the process simulation…” “…more than the correct order of magnitude can hardly be
obtained”. “In most cases, the values obtained for the mixture viscosity are too low…”

There exists a plethora of more sophisticated methods of estimating the viscosity [2,3]. However,
some of them require more comprehensive input data that might not be available for the mixture of
interest. If you are going to use simple mixing rules, which is generally not recommended, make sure
that there is experimental evidence that they work for the mixture you are dealing with.
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